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ABSTRACT

his study evaluated the total phenolic and flavonoid material content as well as the antioxidant, antibacterial, and antic-

holinesterase activities of extracts prepared from the endemic Glaucium cappadocicum plant. The extracts' antioxidant
properties were assessed using the DPPH and FRAP methods, their antibacterial effects were assessed using the disk diffu-
sion method on Gram positive and Gram negative bacteria, and their ability to inhibit cholinesterase activity was assessed
using the Ellman method. In all biological activity assays, the alkaloid extract had the maximum activity. Especially in enzyme
inhibition studies, alkaloid extract showed stronger inhibition than the standard inhibitor tacrine. These findings are the
first report showing that high concentrations of compounds with antioxidant, anti-acetylcholinesterase, and antibacterial
activity can be found in extracts from Glaucium cappadocicum.
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0z

u calismada Turkiye'ye endemik Glaucium cappadocicum’dan hazirlanan ekstrelerinin toplam fenolik ve flavonoid mad-

de icerigi belirlenerek, antioksidan, antimikrobiyal ve antikolinesteraz aktiviteleri degerlendirildi. Ekstrelerin antioksi-
dan aktiviteleri DPPH ve FRAP yontemleriyle, antimikrobiyal testler Gram pozitif ve Gram negatif bakteriler Gzerinde disk di-
flizyon yontemiyle, antikolinestreaz inhibisyon ¢alismalari ise Ellman yéntemiyle belirlenmistir. Tim biyolojik aktivite testle-
rinde en yiiksek aktiviteyi alkaloid ekstresi sergilemistir. Ozellikle enzim inhibisyon calismalarinda alkaloid ekstresi standart
inhibitor olan takrinden daha gugli inhibisyon sergilemistir. Bu bulgular, Glaucium cappadocicum'dan yapilan ekstraktlarda
antioksidan, anti-asetilkolinesteraz ve antibakteriyel aktiviteye sahip bilesiklerin yiksek konsantrasyonlarda bulunabilece-
gini gosteren ilk rapordur.
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INTRODUCTION

he search for herbal drugs, herbal extracts, or herbal

medicine raw materials is advancing quickly due to
the adverse effects of synthetic drugs on humans that
have emerged in recent years and the fact that, in some
situations, such drugs are not sufficient against pain
or inflammation treatments. As a result, drug delivery
systems are constantly exploring for all-natural, more
efficient medical treatments and medications. Turkey’s
rich botanical endowment, which includes a wide array
of medicinal and fragrant plants, has contributed to its
ascent to prominence. Currently, the most effective
elements of traditional treatment approaches are me-
dicinal herbs. The therapeutic value of a plant rises de-
pending on the active ingredients of the medicinal and
aromatic plants employed. The Papaveraceae family is
one of these priceless plants. Because of the significant
alkaloids and other bioactive substances, they contain,
members of the Papaveraceae family have long piqued
the interest of scientists. One of these important mem-
bers is the Glaucium genus, which produces flowers in
the Papaveraceae family that are fragrant and colorful.
It comprises 28 species worldwide and is widespread
in Central Asia, North Africa, and Europe [1-3]. Turkey
is home to almost one-third of all species on earth [4].
The Glaucium genus is abundant in alkaloids, just like
other members of the Papaveraceae family. The genus
is dominated by aporphine group alkaloids, which are
pharmacologically active [5-6].

Due toits rich alkaloid content, it is used in both traditional
medicine and pharmacology. The seeds and aerial parts
of Glaucium have historically been employed in traditio-
nal medicine as a laxative, anti-diabetic, and treatment
for dermatology [6-9]. At the same time, diabetic, anti-
microbial [10], antiviral, antifungal, anti-inflammation [11],
antiulcerogenic, antioxidant, antitussive, hypoglycemi [5],
antiproliferative, cytotoxic, anticancer [12], anticholineste-
rase [13-14], antinociceptive [15], with its pharmacological
activities have also been reported. G. cappadocicum is an
endemic species found only in Erzincan, and the only in-
vestigations on it have been morphological. Even though
the Glaucium genus has a large number of secondary me-
tabolites, it is a significant shortcoming that this species
has not been studied pharmacologically. In this study, we
aimed to fill the gap in the literature by determining the
pharmacological or phytochemical properties of the spe-
cies. Additionally, as this will be the first report for the G.
cappadocicum species, all the findings from our study that

will be presented are crucial.
MATERIALS and METHODS

Herbal source

Glaucium cappadocicum was collected from the Erzin-
can-Kemah-Yahsiler Road region in June 2021. Coupon
samples were kept in Erzincan Binali Yildirim University
Biology Department Herbarium with Altin S.7 code. The
drying process of the plant was carried out in a sun-free
room and at room temperature. After the dried plant
was pulverized with liquid nitrogen, it was used in bio-
logical activity tests.

Preparation of the extract

Two different extraction processes were performed on
the strain: sequential extraction and alkaloid extracti-
on. 100 g from the powdered material was weighed for
sequential extraction, and 2x500 mL each of hexane,
ethyl acetate, methanol, and water were added for 24
hours of extraction in order of increasing polarity. Four
different extracts were prepared by evaporation of the
solvents. Alkaloid extract; 10 g of the plant was extrac-
ted in methanol (3 times x100 mL). The methanol was
removed from the extract after filtering, and the remai-
ning material was dissolved in 50 mL of 3N hydrochloric
acid. The filter was then used to remove it. The filtrate
was extracted three times with dichloromethane (25
mL) after the pH was brought down to 8 with NaOH
(3N). After drying the obtained extract with MgSO,, the
solvent was removed to create crude alkaloid extract.
Until they were employed, all extracts were kept at +4
°C[16].

Antioxidant Activities

Activity of DPPH in eliminating free radicals

As detailed in our earlier study [17-18], the free radical
(DPPHe) scavenging activities of extracts were asses-
sed by adapting the method reported from Blois [19]
to ELISA spectroscopy. Antioxidant Activities of ethyl
acetate (GCE), methanol (GCM), water (GCW), and alka-
loid (GCA) extracts prepared from the aerial parts of G.
cappadocicum (GC) plants were tested DPPH method.
Samples at different concentrations (20, 40, 80, 120,
160, 240, 320 and 400 ug/mL) were prepared from 1
mg/mL (extract and standard) stock solutions and to
make the volume 3 ml, methanol was used. Then, a 0.26
mM DPPH solution (1 mL) was added, vortexed, and in-
cubated for half an hour in the dark. IC, (ug/mL) values
were calculated by determining the % activity values of



the extracts. Trolox was used as the standard substance.
FRAP, or ferric reducting antioxidant capability

By applying ELISA spectroscopy to the technique descri-
bed by Oyaizu M. [20], the reducing power activity test
was carried out [17,18]. The reducing power activity of
ethyl acetate (GCE), methanol (GCM), water (GCW) and
alkaloid (GCA) extracts prepared from the aerial parts
of the G. cappadocicum (GC) plant was tested by the
FRAP method. Stocks (1 mg/mL) were prepared from
the extracts and the standard substance. The test tubes
received 100 pL of stock solution, 1.15 mL of a buffer
with phosphate (0.2 M, pH 6.6), and 1.25 mL of potassi-
um ferric cyanide [K,Fe (CN),] (1%) in that order. It was
left to incubate at 50 °C for 20 minutes. After incuba-
tion, the reaction medium was added 1.25 mL of 10%
trichloroacetic acid and 0.25 mL of 0.1% FeCl, solutions.
At 700 nm, absorbance was measured. The outcomes
are presented as pg trolox equivalent/g extract.

Determination of total phenolic contents

Folin-Ciocalteu reagent was used to assess total pheno-
lic content as described in our prior studies [17-18]. 4.5
mL of distilled water, 100 mL of the Folin-Ciocalteu re-
agent, and 100 pL of the sample (made at a concentra-
tion of 1 mg/mL) were put in sequentially. The mixture
was then let to sit at ambient temperature for 10 minu-
tes. The 300 mL of 2% Na,CO, solution was then added,
vortexed, and incubated for two hours at room tempe-
rature. At 760 nm, absorbance was measured following
incubation. Total phenolic contents were determined as
mg of gallic acid equivalent / g extract [21].

Figure 1. Trolox standard curve.
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Determination of total flavonoid contents

The aluminum chloride colorimetric method was used
to quantify the total flavonoid concentration [22]. 100
uL of the stock solutions prepared in 1 mg/mL methanol
were taken, and over 4.7 mL of methanol was added.
Then, NH,CH,COO (100 uL, 1 M) and AICI, (100 uL, 10%)
solutions were added, respectively. Absorbance was
measured at 415 nm following a 45-minute incubation
period at room temperature. Total flavonoid content
was given as mg quercetin equivalent/g extract [18].

Antimicrobial Activity

Bacterial isolates

Antimicrobial activities of ethyl acetate (GCE), methanol
(GCM), water (GCW), and alkaloid (GCA) extracts prepa-
red from the aerial parts of G. cappadocicum (GC) plants
were tested on standard bacterial isolates. For studies,
Gram (-) of these bacteria were Pseudomonas aerugino-
sa ATCC 27853, Escherichia coli ATCC 25922, Klebsiella
pneumonia ATCC 700603, colistin-resistant Escherichia
coli ATCC 19846, Gram (+) Enterococcus faecalis ATCC
29212, Streptococcus pneumonia ATCC 45616, Staph-
ylococcus aureus ATCC 25922, and additionally Candida
albicans were used.

Determination of antimicrobial activity: Inoculum
preparation and disk diffusion method

Inoculum preparations [17-18] were prepared as detai-
led in our article. The Kirby-Bauer disk diffusion method
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was used to determine the antibacterial activity studi-
es of [23]. With the aid of a cotton swab, the produ-
ced bacterial solutions were applied to Mueller Hinton
agar medium (Biomerieux, France) and allowed to dry
for 15 minutes. For the isolation of Streptococcus pne-
umoniae, Mueller Hinton Fastidious (5% defibrinated
horse blood and 20 mg/I -NAD) agar was utilized. 200
mg/mL stocks were prepared from all extracts. 20 pL of
these prepared stocks were added to 6 mm diameter
standard blank discs (Bioanalyse Turkey) and left to dry
(15 minutes). After the treated discs were dried, they
were placed on the medium in a sterile manner, and
the petri dishes were incubated (at 37 °C for 18 hours).
Following incubation, the non-bacterial zone’s diameter
surrounding the discs was calculated. The same proce-
dures were repeated three times for each bacterium.
Vancomycin 5 pg/mL and Erythromycin 15 ug/ml for
Gram (+) bacteria and Amikacin 30 ug/mL disc for Gram
(-) bacteria were used as standard materials.

AChE/BChE activity determination and inhibition
studies

AChE and BuChE inhibitory activities were determined
spectrophotometrically according to Ellman’s colori-
metric method [24]. The substrates used were acetyl-
thiocholine iodide (AChl) and butyrylthiocholine iodide
(BChl). Ellman’s reagent DTNB (5,50-dithio-bis (2-nitro-
benzoic acid), was used for the measurement of AChE
and BChE activities. 100 pL of buffer for activity me-
asurement (1 M, pH 8.0: Tris-HCI buffer for AChE and
phosphate buffer for BChE), 10 uL of sample solution
prepared at different concentrations in deionized wa-
ter, 50 pL of DTNB (10 mM), 10 uL of enzyme (0.385 U/
mL for the AChE test and 0.880 U/mL for the BChE test).
The reaction was started by adding and finally 50 uL of
AChl /BChl solution. The absorbance of the yellow co-
lor 5-thio-2-nitrobenzoic acid formed as a result of the
reaction is measured at 412 nm. Results are given as %
activity and IC, [25-27].

RESULTS and DISCUSSION

Antioxidant activity

Natural antioxidants derived from plants serve as the
primary source of defense against oxidative stress and
illnesses brought on by free radicals. Free radicals are
produced more often, which leads to oxidative stress.
Biomolecules are oxidized as a result of oxidative stress,
which results in cellular harm and death. As a result, oxi-
dative stress is to blame for the aging process as well as

a number of illnesses, including cancer, diabetes, cardi-
ovascular, neurodegenerative, and inflammatory disor-
ders. The extracts from G. cappadocicum, on which the
antioxidant data in this study are based, may be able
to prevent oxidative stress because they can scavenge
certain free radicals.

DPPH is frequently used to determine the antioxidant
activity of natural products thanks to its faster analysis
advantage compared to other methods [28]. The free
radical scavenging activity of G. cappadocicum extracts
(Table 1) was determined by the DPPH method. The
free radical scavenging power of the samples increased
in a dose-dependent manner. While all extracts showed
good activity, alkaloid and especially water extracts sho-
wed quite strong antioxidant activity. The DPPH radical
scavenging activity was determined as IC,:13.73+0.17
ug/mL for the water extract and IC, =37.14£0.4 ug/
mL for the alkaloid extract. Glaucium flavum ethanol
extract’s a prior investigation was established to be IC,
:140 pg /mL [29]. In another study on Glaucium grandlif-
lorum var. Grandiflorum, the DPPH IC_ results for ethyl
acetate and methanol extracts were found to be 250
pg/mL and 55 pg/mL, respectively [30].

Flavonoids are special groups of phenolic compounds
isolated from various plants. It has many beneficial
properties, such as antioxidant, antimicrobial, and anti-
cancer properties. Therefore, they constitute the most
important source for antioxidant studies [28]. Total
phenolic and flavonoid results for G. cappadocicum are
presented (Table 1). Total phenolic content was deter-
mined as GCM (285,037), GCE (243.19), GCA (149.67),
and GCS (140.96) mg GAE/g, respectively. Total flavono-
id content was found to be GCE (195.52), GCM (106.47),
GCW (44.57), and GCA (29.57) mg QE/g. The total phe-
nolic content of Glaucium flavum was determined to be
158.3 mg GAE/g for the ethanol extract, and the total
flavonoid content was determined to be 128.43 mg
CE/g [29]. Another study uses G. grandiflorum metha-
nol extract, total phenolic compounds were found to be
3.54 mg/g gallic acid equivalents, and total flavonoids
were found to be 3.15 mg/g catechin equivalents [17].

Antimicrobial activity

S.aureus is a bacterium that frequently infects people.
They are primarily discovered in the nose and throat, in
acne, and in human and animal feces. They are a com-
mon source of staphylococcal food poisoning and are
also present in hospitals, hospital employees, and hand



Figure 2. DPPH radical scavenging activity of G. cappadocicum exracts.

Table 1. Antioxidant activities of aerial parts of G. cappadocicum.

DPPHe scavenging Total phenolics

Extract/Positive Control

IC,, (ng mLY) mg GAE g Extract
GCH - -
GCE 44.87+0.4 243.19 £1.89
GCM 48.7910.12 285,037+0.71
GCW 13.73+0.17 140.96+0.14
GCA 37.14+0.4 149.67+£0.12
Trolox 11.95+0.15

Table 2. Antimicrobial activity results of G. cappadocicum extracts for gram (+) and gram (-) bacterial strains

Extracts and Concentration (mg/

E. faecalis

standards disk)
S. aureus
GCA 4 13.6+0.23 -
GCE 4 10.5+£0.57 -
GCM 4 10.5£0.20 -
GCW 4 6.0£0.57 -
Control mcg /disk
Amikacin 30 - -
Erythromycin 15 21.3+0.57 -
Vancomycin 5 -

14.3+0.57
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Total flavonoids
mgQEg™ Extract

195.52+0.7
106.47+1.03
44,57+0.43
29.57+14

Zone Diameter of Standard Strains (mm % SD)

S. pneumoniae

12.3+0.57

25.3+0.57

Reducing power
mgTE g? Extract

159,1667+1.40
141.70+0.63
48.85+0.83
115.3940.2

Cd.alb.
13£0.57

10+0.21
6.0+0.57
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food preparation areas [31].

A deadly gram positive bacteria called Streptococcus
pneumoniae causes meningitis, bronchitis, pneumonia,
and otitis media. The need for new antibiotics grows as
S. pneumoniae develops acquired antimicrobial resis-
tance [32]. Multiple antibiotic resistance of microorga-
nisms complicates treatment. This increases the search
for new antibiotic sources.

In our study, we used the disk diffusion method, which
isa common method for antimicrobial activity tests. For
antimicrobial studies of various extracts of the plant,
studies were carried out using seven bacteria and one
fungus. Staphylococcus aureus was significantly inhibi-
ted by all extracts. Akaloid extract significantly inhibited
the growth of C.albicans fungus and bacteria S.aureus
and S.pneumoniae. The antimicrobial activity results of
G. cappadocicum revealed that the alkaloid extract sho-
wed a strong inhibitory effect (Table 2). This was follo-
wed by methanol and ethyl acetate extracts, while the
water extract exhibited moderate activity.

In a study on Glaucium species, studies were conducted
in the concentration range of 125-1000 mg/mL for G.
vitellinum and G. aucheri alkaloid extracts. Three gram-
negative bacteria, including E. coli, S. typhi, P. aerugi-
nosa, and S. aureus, were determined by the disk dif-
fusion method on C. albicans as gram positive bacteria
and yeast. No inhibitory effect was detected with this
method [33]. In another study, 9, 10, 12, 17, and 18 mm
inhibition was determined against S. enteritidis, E. coli,
S. aureus, B. anthracis, and Proteus, respectively, at G.
elegans 750 ug/disc concentration [34].

Enzymes results

Alzheimer’s disease is a disease that causes a decline in
neurotransmitters in the brain. Acetylcholine release is
reduced as a result of the disease. Low acetylcholine re-
lease causes issues with information transfer and nerve
conduction. Suppressing the AChE enzyme, which deg-

rades acetylcholine, is one approach to solving these
issues. Cholinesterase enzyme inhibitors are typically
employed for this purpose. The capacity of cholineste-
rase enzyme inhibitors to boost cholinergic function by
lowering acetylcholine breakdown serves as the basis
for their mode of action. For the symptomatic manage-
ment of individuals with mild to moderate Alzheimer’s
disease, numerous plant-derived alkaloids that act as
AChE inhibitors (AChE-I) are available. These compo-
unds can be used as models for the development of
anti-Alzheimer medications. Previous research has de-
monstrated that a number of plant extracts and the
bioactive substances they contain represent intriguing
alternatives to currently used therapies for neurodege-
nerative illnesses. Many significant age-related illnesses,
including AD, share the characteristics of elevated oxi-
dative stress and decreased cellular energy metabolism.
Proteins, lipids, and DNA with oxidative modifications
are found in excessively high concentrations in the cells
of AD patients’ brains. Compounds that are not only
AChE inhibitors but also have anti-inflammatory or anti-
oxidant properties are considered attractive due to the
possibility of creating multitarget drugs that act by dif-
ferent mechanisms [35].

Treatment for Alzheimer’s disease must include the inhi-
bition of cholinesterase enzymes. All of the extracts we
produced were utilized to treat Alzheimer’s disease and
produced outcomes that were extremely similar to tho-
se of the standard drug we used in our study, tacrine.
Additionally, the plant’s alkaloid extract demonstrated
a significantly stronger inhibition than tacrine (Figure 3
and Table 3). The enzyme inhibition values of the alkalo-
id extract were determined as AChE IC_ : 0.55 and BChE
IC,,: 0.65 ug/mL, while the IC,, values for tacrine were
determined as 3.19 pg/mLand 2.54 ug/mL, respectively.

CONCLUSION

Alkaloids are highly significant secondary metabolites
that have extensive pharmacological effects and strong
biological activity. Alkaloids with biological significance
make up 50% of all natural compounds with plant origin.



Figure 3. G. cappadocicum's graphs of % activity against cholinesterase enzymes.

Table 3. IC, values for acetylcholinesterase and butyrylcholinesterase.

IC,, (ng/mL)
Inhibitor AChE R?
GCH 3.27 0.8741
GCE 3.48 0.966
GCM 3.74 0.9499
GCW 4.05 0.9574
GCA 0.55 0.985

Tacrine 3.19 0.9896
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BChE
4.15
3.81
2.92
3.65
0.65
2.54

R?
0.9665
0.9294
0.9409
0.9576
0.9353
0.9878
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Alkaloids are employed as medicines to treat ailments
as a result of these characteristics. With its analgesic
effects, morphine is remarkable, as are vincristine and
vinblastine’s effectiveness in the treatment of cancer.
Alkaloids are crucial to the search for novel medications
for all of these reasons. Due to the bioactive alkaloids
they contain, plants in the Glaucium family are extre-
mely significant. Biological activity studies were carried
out on extracts of G. cappadocicum prepared by diffe-
rent processes. Sequential extraction and alkaloid ext-
racts were prepared, following antioxidant, antimicrobi-
al, and anticholinesterase activities were evaluated for
these extracts. It has been demonstrated with data that
G. cappadocicum is a powerful antioxidant source. Alka-
loid, ethyl acetate, and methanol extracts show strong
antimicrobial effects for S. aureus, S. pneumoniae, and
C. albicans, while water extract is moderately inhibitory.
All extracts of G. cappadocicum showed potent anticho-
linesterase activity. In particular, the alkaloid extract ex-
hibited higher inhibition than tacrine, used as a drug in
the treatment of AD. This draws attention to the strong
inhibitory activity of the alkaloid extract of G. cappado-
cicum, especially for the AChE/BChE enzyme. All these
results indicate that G. cappadocicum extracts are not
only a potent cholinesterase inhibitor, but also highlight
the possibility of creating multi-target drugs with anti-
microbial and antioxidant properties.
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