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Propolis is a sticky substance produced by bees because of the reaction of beeswax, pollen, and bee enzymes. Particularly, their
biological activity and chemical content attract attention. Thus, in this study, the total amount of phenolic and flavonoid
substances, Fe**-Fe**, Cu®" (cupric ions reducing activity [CUPRAC]), and Fe’*-TPTZ (ferric ions reducing antioxidant power
[FRAP]) reducing, and DPPH® and ABTS"* scavenging assays in vitro antioxidant properties of propolis samples obtained from
four different provinces of Tirkiye were determined. In addition, the chemical content of propolis samples was quantitatively
determined by LC-MS/MS, and the antiglaucoma property was revealed by hCAII enzyme inhibition. Propolis samples from
Ordu presented the highest amounts of total phenolic and flavonoid content (492.3 +5.8 and 96.1 + 2.1, respectively) and also
highest antioxidant activity (DPPH® and ABTS"" ICs, [pg/mL]: 8.884 + 0.84 and 4.589 + 0.80, respectively; Fe*?, CUPRAC, and
FRAP: 1.051 £ 0.012, 1.021 + 0.008, and 0.957 + 0.007 ug/mL, respectively). hCAII enzyme inhibition was highest in Mus propolis
(ICsp [ug/mL]: 8.6) as determined. By LC-MS/MS, 53 different components were screened and 35 bioactive components were
determined. According to the results, propolis was found to be a raw material because it contains high concentrations of acacetin,
chrysin, caffeic acid, and quinic acid (123.824, 24.759, 47.779, and 16.32 mg analyte/g extract, respectively).
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have been studied and evaluated. Antioxidant, antimicrobial
activities, and phenolic contents of them have been also

1. Introduction

Propolis is a resinous material released from various plant
sources, collected by honeybees, and mixed with different
bee secretions to make the final product [1]. Honeybees use
propolis materials to seal holes and cracks in beehives,
protecting them from microbial infection and extreme
weather conditions. The plant sources and geographical
conditions could change the biochemical content and ac-
tivities of propolis samples [2]. The biochemical properties
of many propolis samples from different parts of the world

investigated [3-6].

Propolis is a very important organic product for bees. It
has been determined that it has biologically antioxidant,
antimicrobial, immunomodulator, anticancer, antibacterial,
and antivirus activities [7]. It was determined that antioxidant
properties and phenolic content are higher than in most
organic products (such as most plants and fruits). These bi-
ological effects are seen in humans as well as in bees [8]. These
properties make propolis very valuable. The chemical content
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of propolis varies according to the components, and the
formation of different components is caused by certain effects.
These effects are geographic flora, location, climate, and bee
species. The general content of propolis includes primary and
secondary metabolites such as wax, resin, pollen, essential oils,
carbohydrates, terpenoids, alkaloids, amino acids, vitamins,
minerals, and phenolics. At the same time, it is stated that
most of the bioactive compounds that cause the biological
activity of propolis are phenolic and flavonoid compounds [9].
For this reason, it is very important to determine qualitatively
and quantitatively the phenolics, which are the most im-
portant bioactive components propolis.

Antioxidants are important substances that play a role in
the healing of more than 100 diseases [10, 11]. By removing
free radicals and reactive oxygen, they prevent their damage
to tissues and cells. However, due to the damage caused by
synthetic antioxidants, research on natural antioxidants is
increasing [12-14]. In scientific studies, it has been stated
that phenolic components show antioxidant properties. For
this reason, while investigating the antioxidant properties of
natural products, phenolic components are also investigated
by advanced methods such as LC-MS/MS [15-17].

The carbonic anhydrase (CA) enzymes are a significant
enzyme class with many isoenzymes. CA enzymes catalyze
the reversible hydration of carbon dioxide (CO,) to protons
and bicarbonate (HCO5"). There are many functions per-
formed by CAs in the biological system, such as ureagenesis,
lipogenesis, and gluconeogenesis [18]. CA inhibition has
therapeutic uses in the treatment of infection, convulsions,
glaucoma, and cancer, and it maintains fluid balance in the
body, especially in the eyes, kidneys, and stomach. Glau-
coma, which is defined as high intraocular pressure, has been
determined in studies to be alleviated using carbonic
anhydrase II (CAII) inhibitors [19, 20]. Therefore, the CAII
enzyme inhibition power of natural products is important
for glaucoma disease [21].

This study reports the total phenolic and flavonoid
amounts, phytochemical contents, antioxidant activities, and
antiglaucoma properties of different propolis samples. The
propolis samples were obtained from Mus, Ordu, Manisa, and
Igdir cities, located in different regions of Tirkiye. The ef-
fective antioxidant properties of ethanol and water extracts of
propolis were determined by using five different in vitro
bioanalytical methods, including three reducing antioxidant
methods (cupric ions reducing activity [CUPRAC], ferric ions
reducing antioxidant power [FRAP], and Fe**-TPTZ reducing
assays) and two radical scavenging antioxidant methods
(ABTS"" and DPPH") According to the results, the propolis
sample gathered from Ordu city had the highest total phenolic
and flavonoid contents. Remarkably, the propolis sample
gathered from Ordu City had the highest antioxidant activity
for all five antioxidant methods. The results supported the
association of phenolic compounds with antioxidant activity.
In addition, the chemical content and antioxidant and anti-
glaucoma properties of propolis from four provinces were
determined for the first time in this study.
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2. Materials and Methods

2.1. Chemicals. Standard chemicals were purchased from
Sigma-Aldrich (Steinheim, Germany) for use in LC-MS/MS
analysis. Commercial purchases of standards and other
chemicals were made from Sigma-Aldrich Chemie GmbH
(Steinheim, Germany) for use in antioxidant and enzyme
experiments. High-purity hCAII enzyme was isolated using
human erythrocytes and the Sepharose-4B tyrosine-
sulfanilamide affinity column method.

2.2. Propolis Samples. The propolis samples were obtained
from Musg, Ordu, Manisa, and Igdir cities, located in dif-
ferent regions of Tirkiye. The locations have different cli-
mates, environments, and plant biodiversity properties.
Ordu propolis was gathered from a forest environment that
has mainly chestnut trees and rose flowers. Manisa propolis
was gathered from a forest environment that has mainly pine
trees. Mus and Igdir propolis samples were gathered from
mainly natural and wild flower locations. The propolis
samples were collected by Isa Yilmaz from Mus Alparslan
University.

2.3. Preparation of the Propolis Extracts. The mixtures of
ethanol and water solvents (50:50%) were used to carry out
the propolis extracts, according to a previous study. Briefly,
the propolis samples (5g) were mixed with 100 mL of dis-
tilled water and an ethanol mixture (1/20: w/v). The mixtures
were homogenized by a magnetic stirrer and heated until
boiling for 15 min. The homogeneous mixtures were filtered
with filter papers. The filtrate samples were dried in a ly-
ophilizer (Labconco, Freezone 1L) at 5mm Hg at —50°C for
preparing the extracts. The lyophilized samples were stored
at —=30°C until being used.

2.4. Determination of Total Phenolic and Flavonoid Amounts.
The total phenolic and flavonoid contents of the samples
were determined according to a former study [22]. For the
total phenolic content determination, the propolis extracts
(0.5 mL) were mixed with Folin-Ciocalteu solution (1.0 mL)
and Na,COj; (0.5 mL, 1%). The absorbance of the mixtures
was measured at 725nm after incubation for 2h at room
temperature. Gallic acid was used as a standard, and the total
phenolic amounts were given as milligrams of gallic acid
equivalents (GAE).

For the total flavonoid content determination, the
propolis extracts (0.5 mL) were mixed with ethanol (1.5 mL,
95%), aluminum chloride (1.5mL, 10%), potassium acetate
(0.5mL, 1.0 M), and distilled water (2.3 mL), respectively.
The absorbance of the mixtures was measured at 415nm
after the incubation for 30min at room temperature.
Quercetin used as a standard, and the flavonoid amounts
were given as milligrams of quercetin equivalents (QE) per
gram of extract [14].
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2.5. Antioxidant Activity. The antioxidant activities of the
propolis samples were analyzed using five well-known
methods to determine the radical scavenging and re-
ducing capacities of the propolis extracts. In vitro CUPRAC
method [23], FRAP method [24], and Fe**-TPTZ reducing
assays [25] were performed to evaluate the reducing po-
tentials of the extracts. Furthermore, the radical scavenging
activities of the extracts were examined using the 2,2-
diphenyl-1-picryl-hydrazyl (DPPH) method [26] and 2,2’-
azino-bis3-ethylbenzothiazoline-6-sulfonic acid (ABTS)
method [27], with slight modifications as reported in
a previous study [28]. The antioxidant potentials were de-
termined by comparison with the standard antioxidant
compounds (BHA, BHT, and Trolox). The different con-
centrations (10-30ug/mL) of the extracts and reference
standards were used to examine the effect of the dose-
dependent antioxidant potential of the plant extracts.

2.6. Determination of Chemical Contents by LC-MS/MS.
LC-MS/MS analyses were carried out to determine the
phenolic contents of propolis samples. For this aim,
Shimadzu-Nexera model ultrahigh-performance liquid
chromatograph (UHPLC) coupled with a tandem mass
spectrometer was used to accomplish quantitative evaluation
of 53 phytochemicals. The reversed-phase LC was equipped
with an autosampler (SIL-30AC model), a column oven
(CTO-10ASvp model), binary pumps (LC-30CE model),
and a degasser (DGU- 20A3R model). The details of
chromatographic conditions were given in a previous
study [29].

2.7. Antiglaucoma Assay. The antiglaucoma property was
determined by the method of Inci et al. [19]. Accordingly,
acetazolamide, a common hCAII inhibitor, and its stock
solution were tested at 25°C, 3 min, and 348 nm. The hCAII
inhibition potential of the extracts was calculated using the
activity (%)-compound plot. The ICs, value was determined
based on activity (%) versus compound plot.

3. Results and Discussion

3.1. The Total Phenolic and Flavonoid Amounts. The present
study demonstrated high amounts of total phenolic content
in the propolis extracts. The total phenolic contents of the
extracts were determined as mg GAE/g. The total phenolic
contents of the propolis extracts from Igdir, Manisa, Mus,
and Ordu cities were determined as 330.7 +9.2, 298.0 + 7.4,
184.6 £2.7, and 492.3+58mg GAE/g, respectively. The
Ordu propolis sample was found to have the richest phenolic
content.

Also, total flavonoid contents of extracts were de-
termined as mg QEq/g. The total flavonoid contents of the
propolis extracts from Igdir, Manisa, Mus, and Ordu cities
were determined as 46.1+1.2, 66.1+2.3, 46.9+1.6, and
96.1 + 2.1 mg QE/g, respectively. The Ordu propolis sample
was detected to have the richest flavonoid content as well.
The total phenolic and flavonoid contents of the propolis
samples are given in Table 1.

TaBLE 1: Determination of the total phenolic and flavonoid con-
tents of the propolis extracts.

Total phenolic Total flavonoid

Propolis extracts contents contents
(mg GAE/g) (mg QE/g)
Igdir 330.7+9.2 46.1+1.2
Manisa 298.0+7.4 66.1+£2.3
Mus 184.6 £2.7 469+ 1.6
Ordu 492.3+5.8 96.1 +2.1

Note: The values given are the three parallel measurements’ means + SD.
Values in bold indicate the highest activity.
Abbreviations: GAE: gallic acid equivalents, QE: quercetin equivalents.

It was determined that both total phenolic and total
flavonoid amounts of Ordu propolis were higher than other
propolis samples. In the study in which Berdav propolis was
investigated, it was found that total phenolic content was
53 mg GAE/g and total flavonoid content was 170.2 mg QE/
g. When compared with this study, it was observed that all
four propolis samples contained a higher total phenolic
content than Berdav propolis, while the total flavonoid
content was lower than Berdav propolis [30]. In the study in
which Chinese propolis was investigated, the total phenolic
substance was found to be 132.1mg GAE/g. In similar
studies, total phenolic matter in Brazilian propolis was
126.8 mg GAE/g, in Austrian propolis 142 mg GAE/g [31], in
Lithuanian propolis 95-195mg GAE/g [32], and in Portu-
guese propolis 151 and 329 mg GAE/g [33]. In the study in
which Anatolian propolis was investigated, the total phe-
nolic substance was found to be 147.2 mg GAE/g on average,
and the total flavonoid substance was found to be 30.5 on
average in 20 different propolis samples [34].

These studies once again determined that the total
phenolic and flavonoid amounts of propolis samples from
different geographies may be different. The main reasons for
this difference were suggested to be flora, geography, cli-
mate, bee species, and bee health.

3.2. Antioxidant Potentials of the Propolis Samples. In the
present study, five common in vitro spectrophotometric
methods were utilized to evaluate the antioxidant activity of
the propolis samples. For this purpose, CUPRAC, FRAP,
and Fe’* reducing ability methods were used for analyzing
the reducing potentials, and ABTS and DPPH methods were
used for the radical scavenging properties.

The FRAP method was used to evaluate the reducing
potential of the propolis samples by measuring the reduction
of Fe’* to Fe’* ions. According to the results, the ferric ion
reducing potentials of the Ordu propolis were higher than
the other three propolis samples, even higher than the
standards. The results revealed that both Igdir and Mus
propolis samples that were gathered from natural flower
locations had the lowest reducing abilities among the
samples and standards (Figure 1(a)).

The CUPRAC method has been used for the de-
termination of Cu®" reducing ability. This method is based
on measuring Cu”*-Cu " reduction. The results indicated
that the Cu®* reducing powers of the propolis extracts were
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FiGure 1: (a) FRAP, (b) CUPRAC, and (c) Fe**-TPTZ reducing ability methods for the reducing potentials of the propolis extracts and standards.

close to those of standard antioxidants. Again, the reducing
potentials of the Ordu propolis were higher than all three
propolis samples in the CUPRAC method. The reduction of
Ordu propolis was measured to be higher than Trolox but
lower than BHA and BHT standards (Figure 1(b)).

The Fe**-TPTZ reducing assay is the third method to
determine the reducing power of the propolis extracts.
According to this method, the reducing power of the
samples and standards was ordered as BHA, BHT, Trolox,
Ordu, Igdir, Mus, and Manisa propolis extracts
(Figure 1(c)).

The absorbance data of the extracts and standards for the
three reducing methods are presented in Table 2. According
to all three methods, the increasing absorbance values in-
dicated high reducing abilities in the extracts of the samples.
Ordu propolis was determined to be the most potent an-
tioxidant in all three reducing methods. The effective

antioxidant activity of Ordu propolis may be related to its
environmental conditions, which include chestnut trees.

The DPPH. scavenging potentials of the extracts were
determined by measuring and comparing the ICs, values of
the extracts with standards. The lower ICs, value indicates
a more effective radical scavenging potential. According to the
results of the DPPH- study, the effectiveness of the propolis
samples and the standards were ordered as Trolox
(6.026 £ 0.10), Ordu (8.884 +0.84), Igdir (9.240+0.67), BHA
(9.900 + 0.47), Manisa (10.828+0.71), BHT (14.140 +0.15),
and Mus (15.750+0.63), respectively. ABTS™" scavenging
method results of the propolis samples and the standards were
ordered as BHA (4.331+0.05), Ordu (4.589 +0.80), BHT
(4.812+0.52), Trolox (4.880+0.71), Igdir (5.500+0.14),
Manisa (7.786 +0.59), and Mus (13.075 £ 0.35), respectively.
The ICs, values of the samples for both radical scavenging
methods are presented in Table 3.
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TaBLE 2: Absorbance measurements of the propolis samples and standard compounds at 30 yg/mL concentration.

Standards and FRAP CUPRAC Fe*"-TPTZ
propolis extracts Ao r2 Aaso r? Asos r?
BHA 2.123+0.020 0.9914 1.400 £ 0.052 0.9472 0.942 £ 0.008 0.9830
BHT 1.464 +0.014 0.9797 1.342 + 0.007 0.9775 0.799 £ 0.007 0.9860
Trolox 1.270£0.015 0.9905 0.706 £0.017 0.9759 0.883 £0.021 0.9895
Igdir 1.027 + 0.005 0.9883 0.813+£0.010 0.9922 0.730+0.018 0.9992
Manisa 0.789 £ 0.027 0.9728 0.736 £0.017 0.9718 0.816 + 0.023 0.9713
Ordu 1.051 £0.012 0.9845 1.021 + 0.008 0.9725 0.957 £0.007 0.9998
Mus 0.812 +0.065 0.9436 0.631 +0.008 0.9752 0.634+£0.013 0.9994

Note: The values given are the three parallel measurements’ means +SD (p <0.05 is considered significant). Values in bold indicate the highest activity.

According to the results, the Ordu propolis extract was
determined to be the most potent antioxidant in the DPPH
and ABTS radical scavenging activity methods. The results of
the radical scavenging antioxidant properties of the propolis
extracts and reference standards at different concentrations
(10-30 ug/mL) are graphically presented in Figure 2.

In the study in which the antioxidant activities of Berdav
propolis were determined, ABTS*" and DPPH" scavenging
activities, and Fe’", CUPRAC, and FRAP reducing capacities
were found to be 8.15 (ug/mL), 20.55 (ug/mL), 1.545, 2.323,
and 1.755, respectively [30]. In this study, the antioxidant
activities of Ordu propolis with the highest results were
found to be ABTS"" 4.589 (ug/mL), DPPH" 8.884 (ug/mL),
Fe*’ reducing 0.957, CUPRAC 1.021, and FRAP 1.051 (ug/
mL). Ordu propolis showed higher antioxidant activity than
Berdav propolis according to ABTS and DPPH methods,
while it showed lower activity according to other methods.
The reason for this difference may be that phenolic com-
pounds, which have an important effect on antioxidant
activity, are present differently in the samples.

In the study in which brown, green, and dark Brazilian
propolis were investigated, the samples showing the highest
ABTS, FRAP, and DPPH activities were found to be brown
(109.29 trolox uM/g), green (422.83 uM ferrous sulfate/g),
and green (491.68 g of sample/g), respectively [35]. Although
the antioxidant properties of Brazilian propolis were de-
termined by 3 methods, 5 different in vitro spectrophoto-
metric methods were used in this study.

In the study in which the antioxidant properties of
propolis samples prepared with different extraction solvents
were determined by FRAP and ABTS methods, alcoholic
propolis extract (284.3 ug/mL) showed the highest activity in
the FRAP method and aqueous propolis extract (202.8 ug/
mL) in the ABTS method [36]. In this study, the ABTS
(4.589 pug/mL) result of Ordu propolis showed much higher
antioxidant activity than aqueous propolis extract, while the
FRAP result showed low activity.

3.3. Phytochemical Content by LC-MS/MS. The phyto-
chemical content of propolis extracts obtained from four
different geographical regions of Anatolia was screened by 53
different phenolic, flavonoid, and organic acid components.
While 35 components were quantitatively determined, other
components were not determined because they were below

TaBLE 3: Determination of half-maximal concentrations (ICsg) (ug/
mL) of the propolis samples and standards for DPPH and ABTS
radical scavenging activities.

Standards and DPPH: scavenging ABTS"" scavenging

ropolis

l:xtrl;cts 1Cs0 r? 1Cs0 r?

BHA 9.900+0.47 0.9618 4.331+£0.05 0.9930
BHT 14.140 £ 0.15 0.9935 4.812+0.52 0.9805
Trolox 6.026 £0.10 0.9429 4.880+0.71 0.9349
Igdir 9.240+0.67 0.9879 5.500+0.14 0.9631
Manisa 10.828 £0.71 0.9636 7.786+0.59 0.9785
Ordu 8.884+0.84 0.9872 4.589+0.80 0.9991
Mus 15.750 £0.63 0.9752 13.075+0.35 0.9893

Note: The values given are the three parallel measurements’ means + SD
(p<0.05 is considered significant). Values in bold indicate the highest
activity.

the limit of determination. The phytochemical content results
of propolis extracts are given in Table 4.

LC-MS/MS chromatograms of Manisa and Igdir
propolis are given in Figure 3, and those of Mus and Ordu
propolis are given in Figure 4.

In the LC-MS/MS results of propolis extracts, the
highest concentration of the acacetin component
(123.824 mg analyte/g extract) was determined in the Igdir
sample. In addition, acacetin was determined to have the
highest concentration in the other three propolis samples.
According to these results, it was observed that especially
Igdir propolis could be a source of raw material for acacetin.
Acacetin is a flavone-derived molecule (5,7-dihydroxy-40-
methoxyflavone), a bioactive component, and has been
reported to have strong anti-inflammatory, antioxidant, and
anticancer activities [37, 38].

In Ordu propolis, p-coumaric acid 66.454 (mg analyte/g
extract), caffeic acid 47.779 (mg analyte/g extract), ferulic acid
7.052 (mg analyte/g extract), isoquercitrin 2.855 (mg analytes/
g extract), quercetin 8.673 (mg analytes/g extract), and nar-
ingenin 8.468 (mg analytes/g extract); in Igdir propolis,
chrysin 24.75 (mg analytes/g extract), apigenin 6.891 (mg
analytes/g extract), luteolin 2.781 (mg analytes/g extract), in
Mus propolis quinic acid 16.32 (mg analytes/g extract),
kaempferol 6.395 (mg analytes/g extract), and quercitrin
3.498 (mg analytes/g extract); and in Manisa propolis, vanillic
acid 5.682 (mg analytes/g extract) was founded.
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FIGURE 2: (a) DPPH and (b) ABTS radical scavenging activities of the propolis extracts and standards.

After acacetin, the highest concentration of p-coumaric
acid was detected in propolis extracts. p-Coumaric acid is an
essential bioactive phytochemical showing various biological
activities such as antioxidant, anticancer, antivirus, anti-
inflammatory, antimicrobial, antidiabetic, and anti-
hyperlipaemia [39-41]. Caffeic acid is an important bioactive
component. Its biological activities have been determined to
be antitumor, antioxidant, antifibrotic, antihypertensive,
and antivirus [42-45]. Chrysin (5,7-dihydroxyflavone) is
a flavone compound found naturally in plants, honey, and
propolis. Its biological activities include antioxidant, anti-
inflammatory, anticancer, and antiviral effects. In addition,
many studies have been conducted on its bioavailability
[46-48]. Quinic acid, one of the phenolic acids, is an im-
portant phytochemical. Its biological activities include an-
ticancer, antioxidant, anti-inflammatory, antihepatitis,
antiviral, and antidiabetic effects [49, 50]. Quercetin is
a flavonol component in the flavonoid class. It is found in
natural products. It has a bitter flavor and is used as an
ingredient in dietary supplements, beverages, and foods. It
also has many different uses. It is widely recommended for
its anti-inflammatory, antiobesity, antioxidant, and antiviral
properties [51-54]. Naringenin (4',5,7-trihydroxyflavonone)
is a molecule in the flavanone structure, which is a subclass
of the flavonoid class. The molecule has been reported to
have antioxidant, antibacterial, anticancer, antiviral, anti-
diabetic, antimicrobial, antiobesity, gastroprotective, im-
munomodulatory, cardioprotective, nephroprotective,
neuroprotective, and antifungal properties [55-57]. Apige-
nin (4',5,7-trihydroxyflavone) is a component in the fla-
vonoid class. It is a component that has a positive effect on
human health and has anti-Alzheimer’s disease potential as

well as many biological activities. Antitumor, cardiovascular
system, liver, respiratory system, endocrine system, central
nervous system, bone, and joint on effects have been de-
termined [58-60]. Kaempferol is a naturally occurring fla-
vonol in flavonoids. Its biological activities include
antioxidant, antimicrobial, anticancer, neuroprotective,
hepatoprotective, and cardioprotective properties [61, 62].
Vanillic acid (4-hydroxy-3-methoxybenzoic acid) is a mol-
ecule in the phenolic acid class found in various food sources
and medicinal plants. It has antioxidant, anticancer, anti-
obesity, antidiabetic, antibacterial, anti-inflammatory, neu-
rodegenerative, cardiovascular, and hepatic effects [63, 64].
Quercitrin (quercetin-3-O-rhamnoside) is an important
natural component in the flavonoid class. Bioactivity
properties such as antibacterial, antioxidative stress, anti-
inflammatory, immunomodulation, analgesia, wound
healing, and vasodilatation have been determined [65-67].

The presence of these bioactive components in propolis
samples showed that propolis may be a natural source of
bioactive phenolic and flavonoid molecules. In addition, it
was observed that the high antioxidant properties of propolis
may be due to the bioactive components it contains.

The chemical content of propolis is the subject of re-
search. In the study in which the chemical content of
propolis was determined by HPLC, 38 phenolic compounds
were detected. Among these compounds, ferulic acid,
phloridzin, and myricetin were found at the highest con-
centrations [36]. In this study, ferulic acid was determined at
the highest concentration (7.052mg analyte/g extract) in
Ordu propolis. The phytochemical content of Berdav
propolis was determined using the same method as in this
study. While 53 components were screened, 28 components
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TaBLE 4: Phytochemical content results of propolis extracts (mg analyte/g extract).

No Analyte RT Manisa propolis Igdir propolis Mus propolis Ordu propolis
1 Quinic acid 3.0 4.316 0.312 16.32 5.517
2 Fumaric aid 3.9 0.743 — — 0.102
3 Aconitic acid 4.0 — — — —
4 Gallic acid 4.4 0.092 — 0.739 0.245
5 Epigallocatechin 6.7 — — — —
6 Protocatechuic acid 6.8 0.994 0.121 1.086 1.003
7 Catechin 7.4 — — — —
8 Gentisic acid 8.3 — — — —
9 Chlorogenic acid 8.4 0.241 — 0.186 0.091
10 Protocatechuic aldehyde 8.5 1.374 0.498 0.858 1.972
11 Tannic acid 9.2 — — 0.033 0.083
12 Epigallocatechin gallate 9.4 — — — —
13 Cynarin 9.8 — — — —
14 4-OH Benzoic acid 10.5 0.339 — 0.411 0.8
15 Epicatechin 11.6 — — — —
16 Vanilic acid 11.8 5.682 1.399 5.381 5.675
17 Caffeic acid 12.1 17.241 7.578 6 47.779
18 Syringic acid 12.6 — — — —
19 Vanillin 13.9 0.36 — 0.59 0.83
20 Syringic aldehyde 14.6 0.106 — — 0.118
21 Daidzin 15.2 — — — —
22 Epicatechin gallate 15.5 — — — —
23 Piceid 17.2 — — — —
24 p-Coumaric acid 17.8 8.198 4.799 7.453 66.454
25 Ferulic acid-D3-IS 18.8 NA NA NA NA
26 Ferulic acid 18.8 1.425 1.887 6.393 7.052
27 Sinapic acid 18.9 — — — —
28 Coumarin 20.9 — — — —
29 Salicylic acid 21.8 — — — 0.026
30 Cyranoside 23.7 0.023 — 0.023 0.061
31 Miquelianin 24.1 — — 0.849 0.601
32 Rutin-D3-IS 25.5 NA NA NA NA
33 Rutin 25.6 1.303 — 0.907 1.382
34 Isoquercitrin 25.6 0.808 — 2.532 2.855
35 Hesperidin 25.8 0.758 0.029 0.385 0.51
36 0-Coumaric acid 26.1 — — — —
37 Genistin 26.3 — — — —
38 Rosmarinic acid 26.6 — — 0.031 —
39 Ellagic acid 27.6 — — — —
40 Cosmosiin 28.2 0.293 0.027 0.073 0.527
41 Quercitrin 29.8 0.378 0.033 3.498 0.97
42 Astragalin 304 0.35 — 1.467 0.63
43 Nicotiflorin 30.6 0.212 — 0.602 1.579
44 Fisetin 30.6 0.231 — 0.019 0.479
45 Daidzein 34.0 — — — —
46 Quercetin-D3-IS 35.6 NA NA NA NA
47 Quercetin 35.7 5.815 2.906 4.242 8.673
48 Naringenin 35.9 5.1 6.766 6.768 8.468
49 Hesperetin 36.7 0.296 0.546 0.47 0.598
50 Luteolin 36.7 0.977 2.781 0.441 1.345
51 Genistein 36.9 — — — —
52 Kaempferol 37.9 4.168 3.772 6.395 5.727
53 Apigenin 38.2 2.718 6.891 1.931 4.032
54 Amentoflavone 39.7 0.012 — — —
55 Chrysin 40.5 6.635 24.759 7.135 6.029
56 Acacetin 40.7 12.68 123.824 55.179 10.865

Note: The value in bold indicates the highest concentration.

Abbreviations: —: not detected, NA: not applicable, RT: retention time.
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FIGURE 3: LC-MS/MS chromatograms of Manisa and Igdir propolis samples.

were identified. In this study, 35 components were de-
termined. It was determined that the phytochemical content
of the propolis investigated in this study was higher than
Berdav propolis. While the highest concentration of acacetin
(76.359 mg/g) was detected in Berdav propolis, acacetin
(123.824 mg/g) was also found in this study, but it was much
higher. Tannic acid, syringic aldehyde, salicylic acid, cyra-
noside, rosmarinic acid, fisetin, and amentoflavone were not
detected in Berdav propolis but were detected in the samples
in this study. With these studies, it was determined again
that the chemical content of propolis can vary according to
different geography, climate, flora, bee species, and ex-
traction methods.

3.4. Enzyme Inhibition Results. The antiglaucoma property
of propolis samples was determined in relation to hCAII
enzyme inhibition. The hCAII enzyme inhibition results of

propolis are given in Table 5. The graphs of % activity and
concentration from which 1Cs, values were calculated are
presented in Figure 5.

Among the propolis samples, Mus propolis (ICs, [ug/
mL]: 8.6) showed the highest inhibition against the hCAII
enzyme. This value was higher than the standard acetazol-
amide (ICsy [pg/mL]: 8.98). Thus, it was determined that

propolis samples can be recommended for the treatment of

glaucoma patients. The antiglaucoma activity of propolis is
very limited in the literature. While hCAII enzyme in-
hibition of Berdav propolis was found to be 19.6 (ICs, [g/
mL]) [30], it was found in the range of 8.6-13.7 (ICsq [ug/
mL]) in this study. It was observed that the antiglaucoma

activity of propolis in this study was higher than Berdav

propolis. hCAII enzyme inhibition studies are of current
interest [68]. Studies on propolis are also being researched
with intense interest [69]. In addition, the studies were
visualized in the graphical abstract.
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FIGURE 4: LC-MS/MS chromatograms of Mus and Ordu propolis samples.
TasLE 5: hCAII enzyme inhibition results of propolis samples.
Standard and propolis hCAIl
extracts ICs¢ (ug/mL) r?
Igdir 13.7 0.9849
Manisa 13 0.9816
Ordu 12.7 0.9864
Mus 8.6 0.9942
Acetazolamide™ 8.98 0.9957

Note: The value in bold indicates the highest activity.
*Acetazolamide was employed as a standard hCAII inhibitor.
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FIGURE 5: Concentration versus % activity plots of propolis samples for hCAII enzyme inhibition.

4. Conclusion

Propolis has been known for its various chemical composi-
tions and biological properties. The effectiveness of different
propolis samples varies depending on the climate, flora, soil
structure, extraction method, bee species, and bee health. For
this reason, the main idea and purpose of the study are to
evaluate and compare the different propolis samples from four
parts of Tirkiye. The results supported that Ordu propolis,
produced in chestnut forests, was the most effective antiox-
idant material, even more effective than the standards in all
five in vitro antioxidant methods. In addition, it was de-
termined that propolis samples can be raw materials for
significant bioactive components such as acacetin, chrysin,
naringenin, quercetin, caffeic acid, and quinic acid, which are
rich in phenolic and flavonoid content. The antiglaucoma
properties of propolis samples were found to be high. In this
study, the antiglaucoma properties of propolis samples from
four provinces were determined for the first time and included
in the literature. In summary, in this study, the antioxidant,
antiglaucoma, and chemical contents of propolis from dif-
ferent geographies were determined comparatively.
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In this study, the chemical content of propolis from four
different provinces of Tiirkiye was determined by screening
53 different phytochemicals and 35 components were
identified. In addition, the comprehensive biological activ-
ities of these propolis extracts were determined by 7 different
antioxidant methods and antioxidant properties, hCAII
enzyme inhibition, and antiglaucoma.
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