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ABSTRACT

Propolis is a natural product, and it is of a great interest due to the possible uses of non-synthetic
supplements in improving metabolic disorders. To support this claim, the current study was designed
and presented. In this study, six propolis extracts obtained from different location of Turkey were
investigated to prove the beneficial therapeutic properties such as inhibition potent against some
enzymes and levels of antioxidant. ICso results of a-glucosidase (0.208-0.426 mg/mL) and a-amylase
(0.487-0.938 mg/mL) were found the variable range. Moreover, antioxidant results of them were given
to support the inhibition degrees. According to the total phenolic (TPC) and antioxidant data, S4 was
noted as the most efficient sample. Future studies are needed to investigate the biological effects of
propolis, but the ultimate evaluating showed that it could be a significant source thanks to its
nutritional and clinical potential.
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0oz

Metabolik bozukluklarin iyilestiriimesinde sentetik olmayan takviyelerin olasi kullanimi nedeniyle,
dogal bir uriin olan propolis biiyiik ilgi gormektedir. Bu iddiay1 desteklemek i¢cin mevcut ¢alisma
planlandi ve ortaya kondu. Bu galismada, Tiirkiye'nin farkh boélgelerinden elde edilen alti propolis
ekstratinin tedavi amaciyla kullanilabilmesi adina faydali 6zelliklerini ortaya koymak igin bazi enzimlere
kars! inhibisyon etkileri ve antioksidan seviyeleri arastinildi. a-glukozidaz ICs0 sonuglar 0,208-0,426
mg/mL ve a-amilaz ICso sonuglan 0,487-0,938 mg / mL araliginda bulundu. Ayrica, inhibisyon etki
derecelerini desteklemek igin antioksidan aktivite sonuglari da verildi. Toplam fenolik (TPC) ve
antioksidan verilerine goére, S4 en verimli 6rnek olarak kaydedildi. Propolisin biyolojik etkilerini
arastirmak icin ileride yapilacak yeni ¢aligmalara ihtiya¢ vardir, ancak sonug¢ olarak, propolisin
beslenme ve klinik potansiyeli olarak dikkate deger bir kaynak olabilecegini gostermektedir.

Anahtar Kelimeler: a-glukozidaz; a-amilaz; Enzim inhibisyonu; Antioksidan; Propolis

GENISLETILMiS OZET arl  GrGnidar. Kovani enfeksiyonlardan koruma
amagch arilarin Urettigi propolisin rengi reginenin
kaynagina bagli olarak agik saridan koyu
kahverengiye kadar degisebilir. Propolisin ¢ok ¢esitli
fenolik ve flavanoid maddeler icermesi sebebiyle
eski yillardan beri geleneksel tipta birgok hastaligin
tedavisinde kullanildidi bilinmektedir. Yapilan bir¢gok

Amag: Propolis bal arilar tarafindan agaclardan, ve
bitkilerin tomurcuk, yaprak, govde ve salgilarindan
toplanan maddelerin baglarinda bulunan salgi
bezlerinden salgiladiklari enzimlerle igleyerek
Urettigi cesitli miktarlarda esansiyel ve aromatik
yaglar, balmumu ve regine karisimi iceren dogal bir
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bilimsel calismada propolisin antibakteriyel, antiviral,
antioksidan, antienflamatuar, antifungal, antitimor
ve antillser gibi bircok biyolojik aktivitelere sahip
oldugu gébsterilmistir. Bilinen birgok hastaligin
tedavisi hastalik ile iligkili enzimlerin inhibisyonu
yada tam olarak aktivitesinin durdurulmasiyla
mumkun olmaktadir. Bu ¢alismada, propolisin sahip
oldugu farmakolojik 6zelliklerinden yola ¢ikarak Tip-
2 diyabet ile yakindan iliskili olan a-amilaz ve a-
glukozidaz enzimleri Uzerine inhibisyon etkisi ve
antioksidan aktiviteleri in-vitro olarak incelendi.

Gereg¢-Yontem: Adustos 2019 yilinda Turkiye’ nin 6
farkh ilindeki (Ankara, Kars, Giresun, Erzurum,
Dizce, Zonguldak) Ar Yetistiricileri Birligi'nden
propolis érnekleri temin edildi. Propolis érneklerinin
%70’lik etanol icerisinde ekstraktlari hazirlandi.
Hazirlanan propolis dneklerinin diabetes mellitus ile
yakindan iligkili olan, o6zelllikle adiz ve midede
nisastanin sindiriminden sorumlu a-amilaz enzimine
ve  bagirsaklarda  disakkaritlerin  sindirimini
gerceklestiren a-glukozidaz enzimine karsi inhibitor
etkisi incelendi. Her iki enzim igin 1Cso degerleri
(ortamda var olan enzim aktivitesini yariya dugtren
propolis konsantrasyonu) belirlendi. Pozitif kontrol
(standart ilag) olarak akarboz kullanildi. Ayrica,
ekstraktalarin toplam fenolik madde miktari Folin—
Ciocalteu metodu kullanilarak gallik asit esdederi
cinsinden belirlendi. Propolis 6rneklerinin serbest
radikal temizleme aktiviteleri ABTS [2,2 -azino-bis
(3-etilbenzotiyazolin-6-sulfonik asit)] ve DPPH (2,2
difenil1-pikrilhidrazil) yéntemleri kullanilarak
belirlendi ve érneklerin bu radikaller varliginda SCso
(ortamda var olan radikal miktarinin yarisini
temizlemek igin gerekli olan propolis miktari)
degerleri tayin edildi

Bulgular: Etanolik propolis ektraktlarinin  a-
glukozidaz ve a-amilaz enzimi varliginda [Cso
degerleri sirasiyla 0,208-0,426 mg/mL ve 0,487-
0,938 mg/mL araliginda bulundu. Propolis 6rneginin
ICs0 de@eri ne kadar diisiik ise enzim inhibisyonunda
daha etkili oldugu anlamina gelmektedir. Propolis
ekstraktlarinin toplam fenolik madde miktari 123,210
ile 258,815 mg GAE/g 6rnek araliginda bulundu.
Orneklerin  etkin derecede ABTS ve DPPH
radikallerini temizledigi gézlendi. ABTS metodunda
en aktif érnek olan S4’Gn SCso degeri 0,078+0,001
mg/mL olarak bulundu. DPPH radikal temizleme
yonteminde ise  orneklerin  SCso  degerleri
0,412+0,005 ile 0,876+0,005 mg/mL araliginda
hesaplandi.

Sonug¢: Bu c¢alismada, Turkiye'nin farkli illerinden
temin edilen propolis 6rneklerinin  ylksek
antioksidan aktiviteye sahip oldugu, a-amilazin ve a-
glukozidazin enzimatik aktivitesini engelledigi
goézlendi. Onemi her gecen gin daha da iyi
anlasiilmakta olan ve ender bulunan genis
spektrumlu bir antibiyotik sinifinda adindan séz
ettiren propolisin, antidiyabetik dogal bir Grin
olabilecegi soylenebilir.

INTRODUCTION

Propolis is a resinous substance produced by
honeybees (Apis mellifera) from various leaf buds
and plant exudates, which is used to seal and repair
unwanted open spaces in the hive. Also, it is superior
to other bee products because of its crucial
bioactivity content such as antioxidant, antimicrobial,
anticarcinogenic, antimutagenic etc. (Baltas et al.
2016, Miguel et al. 2014).

Nowadays and from ancient times, people have
used complementary therapies to protect and cope
with different diseases. Diabetes mellitus (DM) is a
metabolic disorder containing multiple etiologies can
be characterized by chronic postprandial
hyperglycemia with disturbances of carbohydrate,
fat, and protein metabolism. The results of this
metabolic disorder defects general imbalance
between blood sugar absorption, insulin secretion,
and insulin action. Two types are described, Type 2
diabetes (TD2) is much more common than Type 1
(TD1). According to the World Health Organization
(WHO) and the International Diabetes Federation
estimating, the number of total diabetic patients will
reach approximately 440 million in 2030 (Mekonnen
Abebe and Alemu Balcha 2012, Telagari and Hullatti
2015).

When we examine the reason for the diseases given
such as two types, generally it is seen because of
the abnormal activity of the relevant enzyme activity
in metabolic pathways. These activities should be
kept at a reasonable and desirable level.
Furthermore, if it is possible, there should be a need
to search for new sources from natural compounds.

The previous studies on propolis have mainly
focused on Dbioactivity. Besides the current
bioactivity effects of ethanolic extract of some
propolis samples; the manuscript at hand is
prepared to show the capacity of inhibition degree of
a-glucosidase and a-amylase.



MATERIAL AND METHODS
Samples

Propolis samples were supplied from the
experienced Beekeepers Association Union in
different geographical zones (Ankara, Kars, Giresun,
Erzurum, Duzce, Zonguldak) of Turkey. For
extraction, 5 g of the powdered propolis was placed
with 50 mL 70% ethanol in a glass flask and stirred
on a shaker (Heidolph Promax 2020, Schwabach,
Germany) at room temperature for 24 h. The
suspension was centrifuged at 10.000 g for 15 min,
and then supernatants were evaporated. The
residue was resolved in minimal volumes of 70%
ethanol.

In vitro a-Glucosidase inhibition study

a-Glucosidase from Saccharomyces cerevisiae
inhibition assay was determined
spectrophotometrically (Ozil et al. 2018). The
enzyme solution 20 U/mL was prepared in
phosphate buffer (pH 6.8, 50 mM). In test tubes, 200
uL of test sample, 5 pL of the enzyme (20 U/mL) and
1245 L of buffer were added and incubated for 15
min at 37°C. After incubation period, 250 uL of p-
nitrophenyl-a-D-glucopyranoside (2 mM) was added
and change in absorbance was monitored for 20 min
at 400 nm in the UV/VIS spectrophotometer
(1601UV-Shimadzu, Australia). Acarbose was used
as a standard inhibitor. The ICso value was
determined as the concentration of compound that
give 50% inhibition of maximal activity.

In vitro a-amylase inhibition study

The inhibition of a-amylase activity was performed
according to a previously described method
(Unnikrishnan et al. 2015). Briefly, 250 pL of
ethanolic  propolis  extracts  with  varying
concentrations (20-0.625 mg/mL) and 250 pL of
0.02 M sodium phosphate buffer (pH 6.9) containing
alpha-amylase (porcine pancreatic alpha-amylase)
solution (0.5 mg/mL) were incubated for 10 min at
25°C. After pre-incubation, 250 pL of 1% starch
solution in 0.02 M sodium phosphate buffer (pH 6.9
with 0.006 M sodium chloride) was added to each
tube at 5s intervals. The reaction mixtures were then
incubated at 25°C for 10 min. The reaction was
stopped with 500 pL dinitrosalicylic acid color
reagent. The tubes were then incubated in a boiling
water bath for 5 min and cooled to room
temperature. The reaction mixture was then diluted
by adding 2 mL of distilled water, and absorbance

was measured at 540 nm in the UV/NVIS
spectrophotometer (1601UV-Shimadzu, Australia).

Total phenolic contents (TPC)

Total phenolic contents of the ethanolic extracts of
propolis samples were determined following the
Folin—Ciocalteu method using gallic acid as standard
(Singleton and Rossi 1965). TPC was shown as mg
of gallic acid equivalents per g samples (mg GAE/ g
sample).

ABTS assay

The ABTS radical scavenging activity of the propolis
extracts was measured using the actual method in
the literature (Re et al., 1999). ABTS [2,2 -azino-bis
(3-ethylbenzothiazoline-6-sulfonic acid)] was
dissolved in water to a 7 mM concentration. To
perform the radical cation (ABTS™), this stock
solution reacted with 2.45 mM potassium persulfate
and incubated in the dark for 16-18 h at room
temperature. Before using this chemical, the ABTS
solution was diluted to get an absorbance of 0.700 +
0.020 at 734 nm with phosphate-buffered at pH 7.4.
Briefly, 1.8 mL of adjusting solution was mixed 0.2
mL of the sample extract at different concentrations.
Test samples were allowed to react with stable free
radicals, in the dark, at room temperature for 5 min.
After the incubation period, the decrease in optical
density (OD) at 734 nm was measured, using a UV—
Visible spectrophotometer (1601UV-Shimadzu,
Australia).

DPPH-free radical scavenging assay

For DPPH assay, the procedure followed the method
of Brand-Wiliams et al. (1995) with minor
modifications. Different concentration ranges of
propolis extracts were used for calculation of 50%
scavenging of DPPH radical (SCso — mg of sample
per mL). Furthermore, the equal milliliter of propolis
extracts and fresh DPPH solution was mixed, and its
optical density (OD) was taken at 517 nm after 50
min using a spectrophotometer (1601UV-Shimadzu,
Australia). The scavenging activity was calculated by
the showing equation in DPPH assay.

RESULTS

In the current study at hand, the results of a-
Glucosidase and a-Amylase inhibitory activities of
the tested samples were shown as ICso (mg/mL).
The 1Cso values of these enzyme activities of
analyzed propolis show the efficient different
concentration ranges as 0.208-0.426 mg/mL and
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0.542-0.938 mg/mL, respectively (Table 1).
Although it was even worse than the a-glucosidase
inhibition value of acarbose (8.504+0.086 ug/mL)
known as a standard drug, S4 sample showed a
significant a-glucosidase inhibition activity as shown
in Table 1. Furthermore, nearly the same situation
with a-glucosidase was seen in a-Amylase results,

even though S2 was the best. This a-Amylase
inhibition results could be seen as exciting for
delaying the degradation of polysaccharides
because its inhibition would decrease the absorption
of glucose thus the postprandial blood sugar level
would be reduced (Ramnath and
Venkataramegowda 2017).

Table 1. ICs values of the ethanolic propolis extracts for the analyzed enzymes*

Tablo 1. Analiz edilen enzimler icin etanolik propolis ekstraktlarinin ICso degerleri *

Samples Inhibition of a-glucosidase Inhibition of a-amylase
ICs0 (mg/mL) ICs0 (mg/mL)
S1 0.334+0.002 0.542+0.008
S2 0.214+0.005 0.487+0.006
S3 0.292+0.001 0.696+0.010
S4 0.208+0.009 0.635+£0.008
S5 0.328+0.002 0.754+0.010
S6 0.426+0.002 0.938+0.007
Min-Max. (Min.-Mak.) 0.208-0.426 0.487-0.938
Acarbose 8.504+0.086 8.504+0.086

*The assays were done in triplicate. Means tstandard deviations. ICso value of acarbose was given in terms of ug/mL.

According to the obtained antioxidant activity results,
the total phenolic content of studied propolis
samples ranged from 123.210 to 258.815 mg GAE/g
sample. Socha et al. (2015) evaluated the
antioxidant activity of ethanol extracts of propolis
from different regions of Poland. They reported slight
differences in their total phenolic content ranged
from 150.05 to 197.14 mg GAE/g.

The ABTS and DPPH are the synthetic compounds
that involve a proton free radical with a characteristic
absorption that decreases significantly upon
exposure to radical scavengers (Lee et al. 2015).
Although their application, which is based on the
reduction of free radicals by an antioxidant
resembles each other for the determination of

antioxidant capacity, each of them has different
advantages. While the ABTS assay is more sensitive
to identifying the antioxidant activity since it has
faster reaction kinetics and a heightened response
to antioxidants, DPPH may be applied in polar and
nonpolar organic solvents, thus hydrophilic and
lipophilic antioxidants can be examined (Kedare and
Singh 2011, Lee et al. 2015). After shed light on this
reality, Table 2 was summarized as 0.078-0.524
mg/mL and 0.412-0.876 mg/mL for the ethanolic
propolis extraction results of the half maximal
scavenging concentration (SCso), respectively, in the
ABTS and DPPH methods. The SCso value of S4
propolis was nearly twice lower than that of the
nearest values of the other propolis ethanol extracts.

Table 2. Antioxidant properties of the ethanolic propolis extracts*

Tablo 2. Etanolik propolis ekstraktlarinin antioksidan 6zellikleri *

Samples Total Phenolic Contents ABTS Method DPPH Method
(mg GAE/qg) SCso (mg/mL) SCso (mg/mL)

S1 156.548+2.392 0.288+0.001 0.512+0.004

S2 184.278+1.086 0.347+0.004 0.689+0.002

S3 147.763+1.540 0.315+0.002 0.582+0.003

S4 258.815+6.122 0.078+0.001 0.412+0.005

S5 146.214+4.016 0.314+0.002 0.589+0.006

S6 123.210+0.895 0.524+0.001 0.876+0.005

* The assays were done in triplicate. Means + standard deviations.



DISCUSSION

Nowadays, sometimes, the drugs could badly be
mentioned due to some reasons such as biological
side effects or drug resistance. Especially, drug
resistance can be seen in the order: unconscious
drug consumption or inadequate resistance against
to form-changing diseases. But natural compounds
could come to the help of these belligerent effects as
drug potentials. For example, the drug potentials of
propolis extracts for Type 2 diabetes disease could
be controlled with their inhibition effects against a-
glucosidase and a-amylase enzymes (Mekonnen
Abebe & Alemu Balcha, 2012; Telagari & Hullatti,
2015).

The enzyme inhibition results were in agreement
with the study on a-glucosidase and a-amylase
inhibitory activities of previous propolis studies.
Three of them mentioned that different types of
propolis extracts acted as a significant enzyme
inhibitor agent (Ramnath and Venkataramegowda
2017, Salah et al. 2017, Vongsak et al. 2015, ).

Propolis variably contains some constituents such
as flavonoids, coumarins, simple phenols (e.g.,
thymol and eugenol), and their derivatives (lzuta et
al. 2009, Popova et al. 2015). This variation in
propolis content is due to direct and/or indirect
different conditions such as the collection region,
climate, floral origin, processing techniques, storage
conditions, seasonal variations, and collection
methods (Souza et al. 2016, Popova et al. 2015,
Vongsak et al. 2015). It has been demonstrated that
the efficiency of the studied enzyme inhibitions
related to the amount of polyphenolic constitutent
which was extracted from the source material.

So that, this prevailing idea could be elaborated,
enzyme inhibition effects of phenolic compounds
were supported by previous studies. Gynura medica
leaf was studied for the purpose of isolation and
characterization of phenolic compounds which were
thought to be an a-glucosidase inhibitory agent.
Kaempferol, quercetin, kaempferol-3-O-f3-d-
glucopyranoside, kaempferol-3-O-rutinoside, rutin,
chlorogenic acid, and 3,5-dicaffeoylquinic acid
methyl ester were isolated from the leaf of G.
medica. All the compounds were showed the a-
glucosidase inhibitory activity (Tan et al., 2013).
Rasouli et al. (2017) evaluated the a-amylase and a-
glucosidase inhibitory activity of 26 polyphenols
using molecular docking and virtual screening
studies. They speculated that caffeic acid, curcumin,
cyanidin, daidzein, epicatechin, eridyctiol, ferulic

acid, hesperetin, narenginin, pinoresinol, quercetin,
resveratrol, and syringic acid were the potent a-
glucosidase inhibitors, while catechin, hesperetin,
kaempferol, silibinin and pelargonidin were dominant
for a-amylase inhibition (Rasouli et al. 2017).

After giving a general opinion about phenolics, the
next section where was reported the findings of our
study based upon the actual methodologies it was
detailed to gather information, was about the
antioxidant characterization of ethanolic propolis
samples.

Antioxidant activity results could be correlated when
the previous researches are considered (lzuta et al.
2009, Ramnath and Venkataramegowda 2016,
Popova et al 2015). Ramnath and
Venkataramegowda (2016) employed to assess the
ABTS and DPPH radical scavenging potential of
ethanol extract of propolis collected from 10 different
locations of India successfully and they presented
the ABTS and DPPH data in the range of 0.298-
0.860 mg/mL and 0.333-0.600 mg/mL, respectively.

CONCLUSION

Complementary medicine, the study of natural
products, is one of the major fields of therapeutic
approaches, together with phototherapy,
aromatherapy, apitherapy, and has been around for
an exceptionally long time. We wanted to touch upon
the reality of apitherapy because it is known as a
virgin scientific area of these therapeutic
approaches. Moreover, Turkey has one of the
richest sources of apitherapy products in the world.

The current propolis samples demonstrated the
ability of antioxidant activity, which were correlated
with the assessment of some enzyme inhibition
degrees like a-glucosidase, and a-amylase.
Obtained results emphasize that this natural
compound has massive potential in nutrition and
complementary medicine. Further investigations are
needed to increase the scientific value of the current
results. Namely, potentially phytoactive compounds
from propolis can be purified to chemical
homogeneity. Then, these potential natural
substances can be compared with well-known
standard drugs. But the most important way to verify
the current reports of in vitro inhibitory activities is
preclinical studies, particularly using animal models.
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