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ABSTRACT

Propolis is a substance collected by honey bees from different parts of plants. Honey bees store it in
their hives in order to defend against different threats. Propolis is a bee-product rich in plant waxes,
esters, fatty acids, volatile components and phenolic compounds. It's rich phenolic content makes
propolis a potential reducer for Ag* to Ag. In this study, propolis-based silver nanoparticles were
obtained using the green synthesis technique. It was determined that the obtained silver
nanoparticles had a maximum absorbance at 425 nm and their sizes ranged from 67 to 75 nm. When
the FT-IR data of propolis extract is examined, the band at 3200 cm™ represents functional -OH
groups, the band at 2919-2850 cm™” represents C-H stretching, the band at 1634 cm”’ represents C=C,
C=0 or NH stretching, the band at 1508 cm’” represents aromatic C=C stretching and the band at
1451 cm™’ originate from the C-H stretching of CH;, CH,, flavonoids and aromatic rings. Total
phenolic content of propolis extract and silver nanoparticles was determined as 176.42+0.18 and
122.63%0.23 mg GAE/mL, respectively. IC5, value of P-AgNPs for a-amylase and a-glycosidase
enzyme inhibition was defined as 47.08 * 0.002 and 52.18 * 0.001 uyg/mL, respectively. Inhibition of a-
Amylase and a-glycosidase is still a valid approach in the treatment of diabetes. The high inhibition
effect of the obtained nanoparticles on the related enzymes shows that they have diabetes treatment
potential. In addition, showing that cheap and abundant nanoparticles can be obtained by using
propolis, this study may contribute to the development of new products containing nanoparticles
that can be used in apitherapy applications.

Key words: Green synthesis, Eco-friendly, Diabetes mellitus, Enzyme inhibition
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Propolis; bal arilarinin kovanlarini farklh tehditlere karsi savunmak amaciyla bitkilerin farkl
kisimlarindan topladiklari ve kovanlarinda depoladiklari bir maddedir. Propolis, bitkisel mumlar,
esterler, yag asitleri, ugucu bilesenler ve fenolik bilesiklerce zengin bir uriindiir. Zengin fenolik igerigi

propolisi potansiyel bir indirgen kilmaktadir. Yapilan bu c¢alismada propolis temelli giumiis
nanopartikiiller yesil sentez teknigi kullanilarak elde edildi. Elde edilen giimiis nanopartikiillerin 425
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nm’de maksimum absorbansa sahip oldugu ve boyutlarinin 67 ile 75 nm arasinda degistigi tespit
edildi. Propolis ekstrakti FT-IR verileri incelendiginde 3200 cm™'deki bant fonksiyonel -OH gruplarini
temsil eder. 2919-2850 cm™'deki bant CH gerilmesinden, 1634 cm™deki bant C=C, C=0 veya NH
gerilmesinden, 1508 cm™deki bant aromatik C=C gerilmesinden ve 1451 cm™ 'deki bant CH;, CH,,
flavonoidler ve aromatik halkalarin CH gerilmesinden kaynaklanir. Propolis ekstrakti ve giimiis
nanopartikiillerin toplam fenolik madde miktarlan sirasiyla 176,42+0,18 ve 122,63%0,23 mg GAE/mL
olarak belirlenmistir. P-AgNPs’lerin a-amilaz ve a-glukozidaz enzimleri IC5, degerleri sirasiyla 47,08 *
0,002 ve 52,18 * 0,001 pg/mL olarak tespit edildi. a-Amilaz ve a-glukozidaz inhibisyonu diyabet
tedavisinde hala gegerli bir yaklagimdir. Elde edilen nanopartikiillerin ilgili enzimler lizerine yiiksek
inhibisyon etkisi diyabet tedavisi potansiyelleri oldugunu gostermektedir. Ayrica bu c¢alismanin,
propolis kullanilarak ucuz ve bol miktarda nanopartikiil elde edilebildigini gostermesi, apiterapi

uygulamalarinda kullanilabilecek nanopartikiil
sunacagi soylenebilir.

iceren yeni lriinlerin geligtiriimesine de katki

Anahtar Kelimeler: Yesil sentez, Cevre dostu, Diabetes mellitus, Enzim inhibisyonu

GENISLETILMiS OZET

Amacg: Nanoteknoloji, tip, dis hekimligi, ila¢ salinim
sistemleri, eczacillk gibi birgok biyomedikal
uygulamalar ile ¢evre ve miuihendislik alanlarinda
yaygin olarak kullanilan gelismis bir teknoloji
dalidir. Nanopartikiller (1-100 nm boyutunda),
nanoteknolojinin  temel yapi taglar  olarak
gOrulmektedir. Gumus, altin, ¢inko gibi metallerin
kullaniimasiyla hazirlanan metalik nanopartikiller
genis kullanim alanina sahiptir. Ozellikle giimis
nanopartiktller, gdstermis olduklari antimikrobiyal
aktiviteleri nedeniyle saglik uygulamalarinda en ¢ok

tercih edilen nanopartikullerden biridir.
Nanopartiklllerin sentezinde farkli fiziksel ve
kimyasal teknikler kullanilmaktadir. Kullanilan
kimyasal teknikler c¢ok miktarda toksik drin

olusturmaktadir. Bu nedenle g¢evre dostu uretim
tekniklerine ihtiyagc duyulmaktadir. Yesil sentez
cevre dostu ve biyouyumlu nanopartikillerin elde
edilmesini saglayan hizli ve dusuk maliyetli bir
yontemdir. Genellikle funguslar, bakteriler, algler ve
bitkiler yesil sentezde kullanilan dogal Urtnlerdir.
Bitkilerin icerdigi fitokimyasalllar da yesil sentez ile
daha kararli, ekonomik ve genis uygulama alanina
sahip nanopartikillerin elde edilmesine olanak
saglamaktadir. Bal, polen, propolis ve ari sutu gibi
fitokimyasallarca zengin ari Urlnleri de yesil sentez
ile nanopartikil elde edilmesine  olanak
saglamaktadir.

Gere¢ ve Yontem: Calismada kullanilan ham
propolis 6rnegi 2021 yilinda Bilecik ilinden hasat
edildi. Dondurulmus ve 6gutilmis ham propolis
ornedi %70’lik glikol kullanilarak ekstrakte edildi.
Propolis temelli gimis nanopartikilleri (P-AgNPs)
elde etmek amaciyla 5mM AgNO; ve esit hacimli
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propolis ekstrakti  karistirildi  ve reaksiyonun
gerceklesmesi beklendi. Propolis bazhh gimis
nanopartikiller UV-Vis spektrofotometre

kullanilarak karakterize edildi. Nanopartikillerin
maksimum absorbans verdigi dalga boyu degeri
kaydedildi. Propolis ekstraktinin icerdigi fonksiyonel
gruplar FT-IR kullanilarak belirlendi. 4500 rpm’de
santrifijlenerek elde edilen nanopartikiller 50°C’de
kurutuldu ve partiktl boyutlari SEM ile belirlendi.

Daha sonra propolis ekstrakti ve P-AgNPs’lerin
toplam fenolik madde miktari tespit edildi. Ayrica
propolis ekstrakti ve P-AgNPs’lerin a-amilaz ve a-
glukozidaz enzimleri Uzerine inhibisyon etkileri de
incelendi.

Bulgular: Yapilan bu g¢alismada propolis temelli
gumus nanopartikiller yesil sentez teknigi
kullanilarak sentezlendi. Elde edilen gimus
nanopartikillerin 425 nm’de maksimum absorbans
verdigi ve boyutlarinin 67 ile 75nm arasinda
degistigi tespit edildi. Propolis ekstrakti FT-IR
verileri  incelendiginde 3200 cm™deki  bant
fonksiyonel -OH gruplarini temsil eder. 2919-2850
cm'deki bant CH gerilmesinden, 1634 cm "deki
bant C=C, C=0 veya NH gerilmesinden, 1508 cm"
“deki bant aromatik C=C gerilmesinden ve 1451
cm "deki bant CHs, CH,, flavonoidler ve aromatik
halkalarin CH gerilmesinden kaynaklanir. Propolis
ekstrakti ve gimus nanopartikillerin toplam fenolik
madde miktarlari sirasiyla 176,420,118 ve
122,63£0,23 mg GAE/mL olarak belirlendi. P-
AgNPs’lerin a-amilaz ve a-glukozidaz enzimleri i¢in
ICsq degerleri sirasiyla 47,08+0,002 ve 52,18+0,001
pg/mL olarak tespit edildi.

Sonug: Yapilan bu ¢alisma ile Bilecik ilinde hasat
edilen ham propolis glikol ile ekstrakte edildi ve
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yesil sentez teknidi kullanilarak propolis temelli
glimus nanopartikiller elde edildi. Kullanilan teknik
nanopartikillerin ekonomik, ¢cevre dostu, kolay ve
hizli  bir sekilde sentezlenebilmesine olanak
saglamaktadir. Elde edilen P-AgNPs’lerin a-amilaz
ve o-glukozidaz enzimleri Uzerine inhibisyon etkisi
olmasi, partikullerin Diabetes mellitus tedavisinde
potansiyel bir urin olabilecegini goéstermektedir.
Ayrica elde edilen bulgularin, nanopartikil temelli
farkli drtnlerin gelistiriimesine imkan
saglayabilecegi de ifade edilebilir.

INTRODUCTION

Nanotechnology is an innovative technology that is
widely used in medicine, dentistry, drug delivery
systems, many biomedical applications,
environment and engineering. Nanoparticles (1-100
nm in size) are seen as the basics of the
nanotechnology (Beykaya and Caglar 2016).
Metallic nanoparticles prepared by using metal ions
such as silver, gold and zinc have a wide range of
uses. Especially silver nanoparticles are one of the
most preferred nanoparticles in health applications
due to their antimicrobial activities (Rai et al. 2009).
Different physical and chemical techniques are
used in the synthesis of nanoparticles. The
chemical techniques used create a large amount of
toxic products. Therefore, environmentally friendly
production techniques are needed (Ali et al. 2016).
Green synthesis is a fast and low-cost method that
provides environmentally friendly and biocompatible
nanoparticles. Generally, fungi, bacteria, algae and
plants are natural products used in green synthesis.
The phytochemicals contained in plants enable the
production of nanoparticles with green synthesis
resulting more stable, economical and have a wide
range of applications (Mohammadi et al. 2019). Bee
products such as honey, pollen, propolis and royal
jelly are rich in such phytochemicals and they also
could be used to obtain nanoparticles by green
synthesis.

Propolis is a resinous natural bee product that
worker bees collect from various parts of plants and
use to protect their hives against all kinds of
dangers (Keskin and Kolayli 2018). Although the
phytochemical content of propolis varies depending
on the flora of the region where it is collected,
propolis is quite rich in these phytochemicals.
Propolis has been found to contain more than 300
different components up to now and it is very rich in
volatile (terpene, terpenoid, etc.) and phenolic

components (Ozkék et al. 2021). Therefore,
propolis is a very good product that can be used to
obtain nanoparticles.

In this study, silver nanoparticles were synthesized
by green synthesis technique using raw propolis
samples harvested in Bilecik province in 2021. The
synthesized nanoparticles were characterized using
UV-Vis spectrophotometer, FT-IR and SEM
methods. In addition, inhibition effects of propolis-
based nanoparticles on a-amylase and a-
glycosidase enzymes, which are important to be
inhibited in the treatment of Diabetes mellitus, were
determined.

MATERIALS AND METHOD

Raw propolis sample was harvested from Bilecik
province in 2021. Silver nitrate, a-amylase, a-
glycosidase, glycol, Folin reagent and p-nitro
phenyl-a-D-glucopyranoside were purchased from
Sigma Aldrich. All other chemicals used were of
analytical grade. FTIR (Perkin Elmer), UV
spectrophotometer (GENESYS 150) and scanning
electron microscope (SEM, EVO 40 LEQ) were
used in the characterization processes.

Extraction of Raw Propolis

Propolis extraction was performed according to the
method indicated by Yildiz (2020). The frozen and
ground raw propolis sample was extracted by using
70% glycol. For this purpose, 20 g of crude propolis
sample was mixed with 100 mL of 70% glycol. The
mixture was stirred at room temperature under
constant speed for 24 hours. At the end of the
period mixture was filtered and the obtained extract
was stored at +4°C until use.

Green Synthesis of Propolis-Based Silver
Nanoparticles (P-AgNPs)

Propolis based nanoparticles were synthesized
using the method described by Keskin (2022) with
minor modifications. For this purpose, 500 mL of
AgNO; (5 mM) solution and an equal volume of
propolis extract were mixed. The mixture was
stired in the dark under constant speed for 24
hours. A color change from light yellow to dark
brown was observed.

Characterization of P-AgNPs

Propolis based silver nanoparticles were
characterized using UV-Vis spectrophotometer. The
wavelength at which the nanoparticles gave
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maximum absorbance was recorded. The functional
groups contained in the propolis extract were
determined using FT-IR. The nanoparticles
obtained by centrifugation at 4500 rpm were dried
at 50°C and particle sizes were determined by
SEM.

Determination of Total Phenolic Content of
Propolis extract and P-AgNPs

The total phenolic content of propolis extract and
obtained nanoparticles were determined by the
Folin-Ciocalteu method (Singleton and Rossi 1965,
Singleton et al. 1999). The blue colored complex
formed by the phenolic components with the Folin
reagent gives maximum absorbance at 765 nm.
The calibration curve was prepared using gallic
acid. Solutions of gallic acid at varying
concentrations (0.03125-1.0 mg/mL) were prepared
and a graph of absorbance versus concentration
was drawn. The total phenolic content of propolis
extract and P-AgNPs was calculated using this
graph and the results were expressed in mg
GAE/mL

Inhibition Properties of P-AgNPs on a-Amylase

a-Amylase enzyme activity was determined by DNS
method in the presence of soluble starch as
substrate. 300 pyL of 1% soluble starch and 300 pL
of enzyme were incubated at 35°C for 30 minutes.
After adding an equal volume of DNS reagent, the
mixture was kept in a boiling water bath. At the end
of the reaction, tubes were cooled to room

temperature and the absorbance values were
recorded at 550 nm (Bernfeld 1955). The ICs
values of propolis extract and P-AgNPs were
determined in triplicate with concentration between
10 to 200 pg/mL under the above-mentioned
analysis conditions. Acarbose was used as a
reference inhibitor.

Inhibition Properties
Glycosidase

of P-AgNPs on a-

a-glycosidase enzyme activity was determined by
using the method specified in the Gholamhoseinian
et al. (2008). p-nitro phenyl-a-D-glucopyranoside
was used as substrate. 5 pL of substrate, enzyme
solution (0.1 U) and 900 uL of phosphate buffer 6.8
(50 mM) were mixed. The mixture was incubated at
37 °C and absorbance values at 405 nm were
recorded. The ICs, values of propolis extract and P-
AgNPs were determined in triplicate with
concentration between 10 to 200 ug/mL under the
above-mentioned analysis conditions. Acarbose
was used as a reference inhibitor.

RESULTS

In this study, propolis-based silver nanoparticles
were synthesized using green synthesis technique.
It was determined that the obtained silver
nanoparticles gave maximum absorbance at 425
nm. The size of the beads varied between 67 and
75nm.

Figure 1. a) Propolis extract b) P-AgNPs synthesis
Sekil 1. a) Propolis ekstrakti b) P-AgNPs sentezi
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Figure 2. UV-VIS spectrum of P-AgNPs
Sekil 2. P-AgNPs UV-Vis spektrumu

I 1 Mag = 60.00 K X EHT = 20.00 kW  Signal A = SE1 WD = 12mm

Figure 3. SEM data of P-AgNPs
Sekil 3. P-AgNPs SEM verisi
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When the FT-IR data of propolis extract was
examined, the bands could be explained with the
presence of functional -OH groups at 3200 cm™,
the C-H groups at 2919-2850 cm™', the C=C, C=0

%T

404

304

or NH groups at 1634 cm™, the aromatic C=C

bonds at 1508 cm™ and the CHj;, CH,, flavonoids

and aromatic ring C-H groups at 1451 cm’

(Corciova et al. 2019).

|
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Figure 4. FT-IR data of propolis extract
Sekil 4. Propolis ekstrakti FT-IR verileri

Results for the inhibition effects of P-AgNPs on a-
amylase and a-glycosidase enzymes and total
phenolic content of propolis extract and P-AgNPs
were summarized at Table 1. Lower ICsy values

2000 1500 1000 550

obtained for P-AgNPs indicating better inhibition
activity than both propolis extract and acarbose, a
standard inhibitor.

Table 1. Biochemical properties of propolis extract and P-AgNPs

Tablo 1. Propolis ekstrakti ve P-AgNPs’lerin biyokimyasal karakterizasyonu

Total Phenolic

Content a-amylase a-glucosidase
Propolis Extract 176.42+0.18 59.78+0.001 67.43+0.001
P-AgNPs 122.63+0.23 47.08+0.002 52.18+0.001
Acarbose 96.7+0.42 96.7+0.42
DISCUSSION it was observed that the inhibition effect of P-

Propolis is a natural substance rich in phenolic
compounds especially as flavonoids. Since
phenolic compounds and flavonoids are high-
capacity natural reducing agents, they play a role in
AgNPs green synthesis (Ag” > Ago). In this study,
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AgNPs on a-amylase and a-glycosidase enzymes
was achieved with a lower ICsy value than propolis
extract. Two possible reasons for this situation can
be expressed as the easy ability of silver to transfer
electrons and the high abundance of biomolecules
on the AgNPs surface (Corciova et al. 2019). Al-
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Fakeh et al. (2021) synthesized silver nanoparticles
with  green synthesis from propolis sample
harvested from Saudi Arabia. It was stated that the
synthesized  nanoparticles gave  maximum
absorbance at 437 nm and had a higher total
phenolic substance content than raw propolis.
Corciova et al. (2019) stated that the silver
nanoparticles they synthesized gave a maximum
absorbance of around 480 nm and the sizes of the
nanoparticles ranged from 10 nm to 50 nm. A quite
low total phenolic content of the supernatant
remaining after the silver nanoparticle production
was expressed by the authors because of the fact
that the components in the propolis extract take
part in the reduction of silver. Priyadarshini et al.
(2018) obtained propolis-based silver nanoparticles
by green synthesis. It was stated that the particle
size of the obtained nanoparticles, which gave
maximum absorbance at 420 nm, was smaller than
100 nm but highly variable. In a study, Al-Yousef et
al. (2020) reported the synthesis of bee pollen-
based silver nanoparticles. It was stated that the
synthesized  nanoparticles gave  maximum
absorbance at approximately 440 nm and the
particle sizes vary between 10-30 nm on average.
Debnath et al. (2019) synthesized silver
nanoparticles using mushroom extract and
investigated the effects of obtained particles on a-
amylase. They stated that the obtained
nanoparticles gave maximum absorbance at 420
nm and the particle sizes ranged between 2-20 nm.
It was also stated that silver nanoparticles have an
inhibitory effect on a-amylase enzyme and the
percentage of a-amylase inhibition increases with
the use of nanoparticles with increasing
concentration. Ramkumar et al. (2010) synthesized
Gymnema Montanum-based silver nanoparticles
and investigated the effects of nanoparticles on a-
amylase and a-glycosidase. It was declared by the
authors that the obtained nanoparticles inhibited a-
amylase and a-glycosidase enzymes with ICs
values as 5 pg/mL and 7 pg/mL, respectively.
Johnson et al. (2018) obtained Bauhinia variegate-
based silver nanoparticles and determined their
inhibition properties on a-amylase enzyme. It was
stated that the nanoparticles obtained in that study
gave maximum absorbance at 430 nm and the
particle size was reported to be ranged between 5-
15 nm. The ICsy value for a-amylase enzyme was
declared to be 4.64 pg/mL. Synthesis of silver
nanoparticles based on Enhalus acoroides and
effects of the particles on the a-glycosidase
enzyme was reported by Senthilkumar et al. (2016).

It was stated that the obtained particles gave
maximum absorbance at 419 nm, their sizes varied
between 2-100 nm, and the ICs, value for the a-
glycosidase enzyme was 47 pg/mL. Variable 1Cs
values of AgNPs on a-amylase and a-glycosidase
enzymes have been reported in literature. This
variation might be the result of used enzyme type. It
is clear that our results are compatible with the
literature data’s.

Conclusion

In this study, crude propolis harvested in Bilecik
province was extracted with glycol and propolis-
based silver nanoparticles were obtained by using
green synthesis technique. The technique used
enables nanoparticles to be synthesized
economically, environmentally friendly, easily and
quickly. The inhibition effect of the obtained P-
AgNPs on a-amylase and a-glycosidase enzymes
shows that the particles have a potential in the
treatment of Diabetes mellitus. It can be concluded
that synthesis of silver nanoparticles by using
propolis extract is a suitable way for the
development of different nanoparticle-based
products.
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