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Abstract: Plants have been among the primary natural sources used in traditional medicine, both in the past and present. Due to
the many advantages they offer compared to the synthetic drugs, the interest in medicinal plants is rapidly increasing not only
worldwide but also in our country. This study has been conducted with the aim of identifying natural medicinal plants in the Kurna
Village and its surroundings. As a result of fieldwork conducted during the flowering periods of the plants, 40 medicinal plant taxa
belonging to 39 genera from 21 families were identified. Family Asteraceae is notable having the highest number of taxa with 7
taxa, followed by Lamiaceae with 5 taxa, families Brassicaceae, Boraginaceae and Fabaceae each with 3 taxa. The scientific names,
parts used and areas of use concerning the medicinal plants determined were presented. We hope that the presented data will

provide guidance to local people, raise awareness on the floral diversity, add data to relevant literature.

Keywords: Burdur, flora, folk medicine, Mediterranean.

*THIS STUDY WAS PUBLISHED AS AN ABSTRACT PAPER IN 6™ INTERNATIONAL EURASIAN CONFERENCE ON BIOLOGICAL AND
CHEMICAL SCIENCES (EURASIANBIOCHEM 2023) HOLD FROM OCTOBER 11 TO 13, 2023, TURKEY

1. Introduction

Rapid progress in the technology necessitates sustainable
use of natural resources. As the side effects of modern drugs
are of major concern, natural supplementary and therapeutic
plants have been widely used in traditional medicine and
commercial field (Baser, 1990). The number of plant based
drugs known to be used in medicine has reached 13 000 by
early 19" century (Baytop, 1984). Being at the meeting
point of various climatic zones and having diverse habitat
types, Tiirkiye is home to a rich flora (Baytop, 1991), which
according to Flora of Turkey correspond to approximately
11 700 plant taxa (Davis, 1965-1988; Giiner et al., 2000), of
which 3 649 being endemics (Giiner et al., 2012). As with
the other parts of the world, medicinal plants are used
frequently in folk medicine in Tiirkiye even though the
number of medicinal plants used (round about 500 species)
is fairly low relative to its considerably rich species richness
and endemism, also when compared with countries like
China (4 941 species), India (3 000 species) and USA (2 564
species) (Bayramoglu et al., 2009).

The interest on alternative therapy methods and medicinal
plants have been brought globally to a further level during

© EJBCS. All rights reserved.

the recent COVID-19 pandemia, and medicinal plants in
protective and complementary medicine have acquired
another dimension by means of explorative research on
phytoactive chemicals strengthening the immune defence
system against viral pathogens (Sekeroglu and Gezici,
2020). However, contrastingly, folk medicine is largely
restricted to remote, rural areas with people still in
connection with wild plants especially in Tiirkiye. Primarily
the natural plants in Turkish folk medicine are used either
as food or for medicinal purposes, while plant dyes and
other uses are less common. Some plants with poisonous
compounds that may be potentially important for public
health and animal welfare are also within the range of
interest (Baytop, 1984). Disparity between growing speed
of modernization and loss of connection with nature,
necessitates gathering of accumulated, but sparse local data
using scientific methodology as evidently these would
provide more opportunities to obtain raw materials from the
natural resources in a sustainable way, and joint platforms
of applied sciences like pharmacy or medicine with botany
will contribute to the economy, health sciences and nature
conservation. Accordingly, this study aims to determine
medicinal plant taxa as part of the native flora of Kurna
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village area within Burdur province and raise awareness
among local people on the issue within context of a rapid
urbanization period.

2. Materials and Method

Location of the study area is 8-10 km away from the Burdur
city in the SSE direction en route to Antalya, situated in C3
square according to Davis (1965-1985) grid system, and
between 30° 20’ N and 37° 41’ E coordinates. Altitudinal
range varies between 1100 and 1300 m., while the climate
shows characteristics of semiarid Mediterranean type with
an annual precipitation of 426.4 mm and annual temperature
of 13.3°C (maximum and minimum monthly averages being
32.2 and -0.9°C, respectively).

Field studies involving collection, labelling and deposition
of herbarium materials in Burdur Mehmet Akif Ersoy
University Biology Department following standard
methodology, were carried out in the flowering season of
2022-2023 period. ldentifications were made from family
level down to susbspecific ranks using primarily Flora of
Turkey and the East Aegan lIslands (Davis, 1965-1985;
Davis et al., 1988; Giiner et al., 2000), current taxonomy
was checked using Giiner et al. (2012).

3. Results

40 vascular plant taxa belonging to 39 genera from 21
different families were identified from the material that had
been collected in the different vegetative periods (Table 1).
Among the 21 families, leading 5 families with the highest
species counts are listed as follows; Asteraceae (7 taxa),
Lamiaceae (5 taxa), Brassicaceae, Boraginaceae and
Fabaceae (3 taxa).

Table 1 Medicinal plants from the study area, their utilized parts
and medicinal uses.

Family Species Utilized Medicinal use
parts
Pinaceae Pinus Needles Effective on
brutia Ten. stem, respiratory,
var. brutia  pollens  urological,
rheumatological,
dermatological
diseaases (6).
Acanthaceae Acanthus Leaves  Wound healing
hirsutus and
Boiss. apophlegmatical
subsp. (6).
hirsutus
Asteraceae Centaurea  Various  Antifungal (8)
urvillei parts
DC. subsp.
stepposa
Wagenitz
Chondrilla  Roots Effective on
juncea L. stomach pain;
wound healing
(6).
Cnicus Roots, Effective on
benedictus  stem liver and
L. gastrointestinal
problems;

Boraginaceae

Brassicaceae

Caprifoliaceae

Caryophyllaceae
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Cota
tinctoria
(L)) J.Gay
ex Guss.
var.
tinctoria
Lactuca
serriola L.

Senecio
vernalis
Waldst.&
Kit.

Scorzonera
suberosa
K.Koch
subsp.
suberosa

Alkanna
tinctoria
(L)
Tausch
subsp.
tinctoria
Echium
vulgare L.
subsp.
vulgare
Moltkia
aurea
Boiss.
Arabis
alpina L.
subsp.
brevifolia
(DC)
Cullen
Capsella
bursa-
pastoris
(L)
Medik.
Diplotaxis
tenuifolia
(L) DC.
Scabiosa
columbari
a L. subsp.
ochroleuca
(L.) Célak.
var.
ochroleuca
Dianthus
calocephal

All
parts

Flowers,
stem,
extract

Flowers,
leaves

Various
parts

Roots

Flowers,
stem,
leaves

Flowers,
leaves

Flowers,
leaves

Flowers,
stem,
leaves

Flowers,
stem,
leaves
Flowers

Flowers

antipyretic,
appetising,
antidiarrheal,
urinative, cell
regenerative,
wound healing
™).
Diaphoretic,
emetic,
antispasmodic

().

Urinative,
antispasmodic
and sedative
(poisonous when
overused) (6).
Effective on
dyspnea (12);
antioxidant and
antimicrobial
(5).

Effective on
arteriosclerosis,
hypertension,
rheumatism,
kidney diseases;
tubers laxative
and emetic (6),
antifungal (2).
Laxative and
wound healing
(6), applied as
ointment (14).

Urinative and
apophlegmatical

().

Antioxidant and
antimicrobial
4).

Antioxidant and
antimicrobial

@3).

Urinative and
laxative (6).

Urinative (6)
and antifungal
©).

Laxative,
urinative, wound
healing (6).

Antimicrobial

@
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us Boiss. and
inflammations in
Stellaria Flowers  Urinative, respiratory and
media (L.) stem, apophlegmatical, gasrointestinal
Vill. leaves wound healing tract (6).
subsp. med (6), and Malva Leaves,  Softener,
ia antioxidant (16). sylvestris fresh protective
Convolvulaceae  Convolvul  Roots, Laxative, L. stems against ulcers
us arvensis  flowers, billigenic, and
L. stem, anthelmintic (6), inflammations in
leaves,  antimicrobial respiratory and
extract  (11) gasrointestinal
Euphorbiaceae Euphorbia  Extract  Laxative, tract (6).
rigida M. external use Papaveraceae Papaver Flowers, Sedative, cough
Bieb. Effective on rhoeas L. fruits, suppressant,
warts and leaves chest softener,
rheumatismal and mildly
pain (6) opiate (6).
Fabaceae Lotus Various  Sedative (6). Plantaginaceae Plantago Leaves  Effective on
corniculat  parts lanceolata constipation;
us L. var. L. chest softener,
tenuifolius apophlegmatical
Ononis Roots Effective on and urinative;
spinosa L. egzema; externally
subsp. anti urinative, wound healing
quorum antiseptic and and used for
(L.) Brig. wound healing suppuration (6).
(6). Polygonaceae Polygala Flowers, Emetive,
Trifolium  Flowers ~ Apophlegmatica pruinosa  fruits,  apophlegmatical
pratense | and antiseptic Boiss. leaves chest softener,
L. var. (6;13). subsp. galactagogue,
pratense pruinosa diaphoretic and
Fagaceae Quercus Acoms  Effective on tonic (6).
coccifera throat problems; Ranunculaceae Ranunculu ~ Various  Galactagogue
L. laxative, tonic S parts and
and antiseptic sceleratus emmenagogue,
(6). L. externally
Lamiaceae Ajuga Leaves,  Urinative, tonic, poisonous and
chamaepit  stem diaphoretic, caustic (6).
ys (L.) emmenagogue, Rosaceae Prunus x Fruits Nutritious and
Schreb wound healing domestica mildly laxative
subsp. and antidotal L. (6).
mesogitan (6). Rosa Fruits Effective on
a (Boiss.) canina L. constipation and
Bornm. diabetes
Ballota Flowers, Urinative, mellitus; tonic
nigra L. leaves,  digestive, (6).
subsp. stem anthelmintic, Solanaceae Datura Leaves  Effective on
anatolica emmenagogue stramoniu asthma, cough
P.H. Davis (6). mL. and cramps;
Lamium Leaves, Laxative and antispasmodic,
maculatum  stem, tonic (6). poisonous and
L. var. flowers narcotic (6).
maculatum Asparagaceae Muscari All Effective on skin
Salvia Various  Astringent (15). neglectum  parts problems (10).
cadmica parts Guss. EX.
Boiss. var. Ten
cadmica Poaceae Secale Seeds Laxative (6).
Sideritis Flowers, Effective on cereale L.
montana leaves cold, flu, var.
L. subsp. stomach pain cereale
remota and COUgh (17)’ 1) Abbasotu and Tiirkdz, 1995; 2) Bahadir, 2009; 3) Balpinar, 2018; 4) Balpinar and Okmen,
(dUI’V) gas and appetite- 2017; 5) Balpinar and Okmen, 2019; 6) Baytop, 1984; 7) Diilger, 2012; 8) Erecevit
P.W.Ball stimulant (6) Sénmez and Cakilcioglu, 2021; 9) Erik, 2012; 10) Fidan, 2018; 11) Kirbag et al., 2005;
Malvaceae Malva Leaves,  Softener, 12) Korkmaz and Alpaslan, 2014; 13) Leblebici et al. 2013; 14) Otii and Akan, 2020;
neglecta stem protective 15) Ozdemir and Alpmar, 2015; 16) Rakhimzhanova et al., 2018; 17) Y1ilmaz, 2013.
Wallr. against ulcers
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4. Discussion

Literature review suggests a diverse array of medicinal uses,
some of which have recently been assessed (Balpinar, 2018,
Balpinar and Okmen, 2017 and 2019) from the area, even
though majority of the species and their uses have been
recorded earlier (Baytop, 1984). Several factors such as
used parts, usage style, collecting time, and dosage are
important criteria in all other plant based remedies, as it
applies to our small sample. Some of the recorded taxa like
Lactuca serriola, Scorzonera suberosa subsp. suberosa,
Ranunculus sceleratus, and Datura stramonium should be
handled with care as overdose levels of these may be
poisonous for humans.

5. Conclusion

In the present study, medicinal plants of a village at the
periphery of an expanding city center were studied. Even
though a smaller part of the sampled plant taxa is known to
local people, and such taxa receive wider application area
outside scope of medicinal purposes, identification skills are
not precise in general even though all the taxa are grown
naturally in and around the settlement area. Accordingly,
although it is a preliminary work, the presented data will
raise awareness and guidance about the potential of the local
flora. The current state of knowledge present two
challenges: first is the correct identification, usage and
amount of utilized taxa, while the other being the survival
of populations especially when the rare and endemic plants
are involved as the public interest may be directed towards
a smaller set of taxa or associated areas. It is clear that the
ethnobotanical applications are multifaceted and require
interdisciplinary research, to which it is hoped that the
presented data will provide a base or background
information for the science community and local
administrative units in the view of rapidly changing
landscape.
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Abstract: Microplastics (MPs) have indeed raised significant concerns due to their widespread presence and potential adverse effects on
both the environment and human health. This study aims to illuminate crucial aspects of MPs, including their origins, migration behavior,
and the potential for bioremediation as an effective strategy for their removal. Microplastics can originate from various sources, such as
the fragmentation of larger plastics, the presence of microbeads in personal care products, the shedding of fibers from textiles, industrial
pellets, and products containing microplastics. These diverse sources contribute to the omnipresence of microplastics in both terrestrial and
aquatic ecosystems. This study focuses on observing the biological degradation process of two fungi, Aspergillus flavus, and Aspergillus
versicolor when exposed to three different types of microplastics: Polypropylene (PP), Polyethylene (PE), and Polystyrene (PS). After
conducting experiments, removal efficiencies of A. flavus and A. versicolor were calculated. Based on the data collected during the 10th
week of using these fungi, it was observed that A. flavus exhibited removal efficiencies of 18.3% for PE, 6.8% for PP, and 1.9% for PS.
On the other hand, A. versicolor yielded removal efficiencies of 6.7% for PE, 5.1% for PP, and 3.3% for PS. It was determined that A.
flavus and A. versicolor exhibited the highest biodegradation efficiency when targeting microplastic PE, while their effectiveness was
relatively lower when dealing with microplastic PS.

Keywords: Aspergillus flavus, Aspergillus versicolor, Biodegradation, Polyethylene, Polystyrene, Polypropylene.
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1. Introduction continuous influx exacerbates the environmental and
ecological challenges associated with plastic pollution

The issue of microplastic (MPs) pollution in aquatic (Zhang et al. 2020a).

environments has garnered significant attention in recent
years due to its detrimental effects on ecosystems and
potential implications for human health (Katija et al. 2017,
Weithmann et al. 2018). MPs, typically defined as plastic
particles with a diameter of less than 5 mm, are of particular
concern because of their widespread presence and
persistence in the environment (Alimi et al. 2018; Hidalgo-
Ruz et al. 2012; Murphy et al. 2016). MPs can be
categorized into two main types: primary and secondary.
Primary microplastics are intentionally manufactured at
small sizes for various purposes, such as microbeads in
cosmetic products, while secondary microplastics are
formed through the degradation of larger plastic items via
physical, chemical, or biological processes (Browne et al.
2010; Gewert et al. 2015; Singh and Sharma, 2008). The
scale of plastic pollution in oceans is alarming, with an
estimated 150 million tons of plastic already present and
approximately 8 million tons being added annually. This

Among the various types of plastics, polyethylene (PE) and
polypropylene (PP) are reported to have the highest demand
globally. These plastics are commonly used in a wide range
of applications due to their versatility, durability, and low
cost. However, their persistence in the environment poses
significant challenges for waste management and pollution
control efforts. In contrast to PE and PP, other types of
plastics such as polystyrene (PS), polyvinyl chloride (PVC),
polyethylene terephthalate (PET), and polyurethane (PU)
also contribute to plastic pollution but may exhibit different
degradation behaviors and environmental impacts.
Understanding the sources, distribution, and effects of
various types of plastics is crucial for developing effective
mitigation strategies and policies to address this pressing
environmental issue (Browne et al. 2010;; Weinstein et al.
2016; Zhang et al. 2020a).
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The degradation of MPs in different environments is a
complex process influenced by various physicochemical
and microbial factors. Although MPs are generally less
susceptible to microbial attack compared to other
degradable materials, microbial degradation plays a
significant role in their transformation (Ammala et al.
2011).

Microbial degradation of MPs occurs through the activity of
microorganisms that colonize and utilize MPs as a carbon
source. These microorganisms form a novel ecological
niche on the surface of MPs, facilitating their degradation.
Researchers have isolated various types of microbes from
different environmental samples to investigate their role in
MP degradation. These microorganisms can be categorized
into pure bacterial cultures, pure fungal cultures, bacterial
consortia, and biofilms (Rujnic-Sokele and Pilipovic,
2017). Overall, understanding the diversity and activity of
microorganisms involved in MP degradation is essential for
developing strategies to mitigate plastic pollution.
Harnessing the potential of microbial degradation pathways
may offer promising solutions for managing MP
contamination in various environments (Yuan et al. 2020).
Fungi, being eukaryotic organisms with a nucleus enclosed
by a nuclear membrane, have a distinct advantage over
prokaryotes in terms of genetic organization and regulation.
This characteristic allows for more complex and precise
control of cellular functions, potentially aiding in the
efficient degradation of MPs (Sanchez, 2020). Laccase, an
important enzyme produced by fungi, in the degradation of
microplastics (MPs). Laccase indeed plays a crucial role in
breaking down certain types of plastics like HDPE (high-
density polyethylene) through oxidative cleavage, enabling
the degradation process (Othman et al. 2021).

Fungal species, such as Zalerion maritimum, Aspergillus
niger, and Aspergillus fumigatus, have demonstrated the
ability to degrade MPs and utilize them as a sole carbon
source. Aspergillus sp. demonstrates the ability to degrade
polyurethane, which is a widely used synthetic polymer.
The observed 20% degradation within 28 days highlights
the effectiveness of this fungal species in breaking down
polyurethane (PU) (Osman et al. 2017). Fungal MP
degradation was demonstrated by Osahon and Williams
(2021) using isolated fungi from a river. A. niger achieved
a degradation rate of 71.1% for PP-MPs under the given
conditions (1 g/L NaCl and ambient temperature) within 90
days. A. fumigatus exhibited a degradation rate of 53.1% for
PP-MPs under the same conditions over the same 90-day
duration. Adding carbon sources such as glucose and malt
extract to the growth medium can significantly enhance the
enzyme activity of the marine fungus Zalerion maritimum.
These carbon sources likely provide the necessary nutrients
and energy for the fungi to produce enzymes capable of
breaking down polyethylene microplastics. The use of
optimized growth conditions, including the pre-incubation
process, led to a removal efficiency of 56% (Paco et al.
2017).

This study aims to investigate whether A. versicolor and A.
flavus can degrade PP, PS, and PE by using the
measurement of dry weight. The investigation will help to
discover the role of the selected fungal species in degrading
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different types of MPs in the environment and to determine
new approaches for their degradation.

2. Materials and Method

PP, PS, and PE were used as microplastics. PP, PS, and PE
granules were obtained from Sigma Aldrich Chemical Co.
(Product of USA) with densities of 0.9, 0.918, and 1.04
g/mL at 25°C, respectively. The granules were spherical in
shape and white in color. The sizes of microplastics used in
the study are PP and PE 5 mm, PS 3 mm. Some other
properties are given in Table 1.

Table 1. Types and properties of used microplastics

(PP) (PE) (PS)
Structure CH3
formula
n
n
n
Tm (°C)? 160-165 100-125 95
Meltindex 4.0 g/10 min 1.0 /10 min 2.0-4.0 /10 min
(230 °C/2.16kg) (230 °C/2.16kg) (200 °C/5 kg)
Form beads pellets pellets

@Tm, melting temperature.

MPs were steeped in 70% ethanol for sterilization at room
temperature for 24 hours. Subsequently, they were
transferred from the conical flasks into sterile beakers using
sterile forceps. Approximately 0.5 grams of each
microplastic type was weighed and placed in petri dishes.
The microplastics in the petri dishes were left to stand under
UV light for 24 hours.

A. flavus and A. versicolor were obtained from the
Environmental Microbiology  Laboratory, Eskisehir
Technical University, Turkey. Fungi were cultivated in
Potato Dextrose Agar (PDA) media, incubated at 28°C with
a pH of 7 for 7 days.

The mineral salts medium (MSM) used for the
biodegradation experiment contained the following
composition in gram per liter (g/l);: MgS04.7H-0, 0.02 g;
FeSO4.7H>0, 0.01 g; ZnS0..7H,0, 0.001 g; MnSO4.H-0,
0.001 g; CuS04.5H,0, 0.001 g; (NH4)2S04, 0.2g; KCI,
0.15g; CaCl,.2H,0, 0.002 g; NaCl, 0.15g; CoCl,.6H.0O
0.001 g; and KH;PO4 0.001 g; which was prepared by
dissolving the salts in distilled water. The medium was
sterilized by autoclaving at 121°C for 20 minutes. In a
100 mL conical flask, 50 mL of MSM was taken along with
MPs positive (mineral salt media+ MPs+ fungus) and
negative (mineral salt media + MPS) controls, respectively.
The flasks were then preserved in a shaking incubator at a
shaking rate of 100 rpm.

After exposing fungal isolates for five, seven, and ten weeks
at 28°C MPs pieces were harvested, washed in 70% ethanol
to remove as much biomass as possible, dried at 45°C, and
equilibrated and weights were determined with each of the
MPs pieces with and without treatment.

The weight reduction was determined after the degradation
by using Eq. (1),
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% weight loss = %xmo (€3]

where M;is the initial weight of MPs and Mris the weight of
MPs after the incubation period.

3. Results

Fungal degradation of MPs was assessed over various
durations, specifically five, seven, and ten weeks, utilizing
Aspergillus versicolor and Aspergillus flavus. Physical
modifications and degradation rate of MPS after fungal
degradation were determined by mean weight loss. The
results obtained from the fungal degradation of MPs pieces
by A. versicolor, and A. flavus, are as shown in Figures 1
and 2.

Biodegradation efficiencies observed for Aspergillus
versicolor and Aspergillus flavus on different types of
plastic pieces for various durations:

For PS; A. versicolor has efficiencies of 1.8% (5 weeks),
2.118% (7 weeks), 3.3% (10 weeks), and A. flavus has;
0.2% (5 weeks), 0.3% (7 weeks), 1.9% (10 weeks). For PP;
A. versicolor has efficiencies of 4.2% (5 weeks), 4.5% (7
weeks), and 5.1% (10 weeks); A. flavus has 3.0% (5 weeks),
3.7% (7 weeks), 6.8% (10 weeks). For PE; A. versicolor has
efficiencies of 4.9% (5 weeks), 5.1% (7 weeks), 6.7% (10
weeks), and A.flavus has10.1% (5 weeks), 12.1% (7 weeks),
18.3% (10 weeks). These results show the biodegradation
efficiencies achieved by each fungus on different plastic
types over different periods.

8
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Fig. 1 Fungal biodegradation of MPs pieces of A. versicolor

4. Discussion

A. flavus reduced the weight of the PE strip up to 3.9% after
28 days of incubation (Zhang et al. 2020b). Taghavi et al.
(2021) observed maximum weight loss was measured by
incubation of PE with Aspergillus flavus (5.5%) in an
unstimulated mix condition. Biodegradation of disposable
PE using Aspergillus species was carried out by Singh et al.
(2012). The strongest ability was observed by A. terreus
with 7.6% biodegradability followed by A. versicolor with
3.8% of biodegradability.
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Fig. 2 Fungal biodegradation of MPs pieces of A. flavus

Williams and Osahon (2021) studied the PE degradation
ability of Aspergillus niger, and Aspergillus fumigatus after
the exposure for 45 days. They observed that the
degradation potential of Aspergillus niger (71.1%) was
more when compared to the Aspergillus fumigatus (53.1).
Aspergillus consortium showed the highest percentage of
reduction of PE weight with (26.2%) (Dsouza et al. 2021).
Four species of fungi Aspergillus sp. were isolated by
Alshehrei (2017). PE degradation ability of A. flavus 16.2%,
A. niger 19.5%, A. terreus 21.8%, and A. fumigatus 20.5%
were weighted.

Compared to the literature information, it has been
determined that A. versicolor and A. flavus are effective in
the biodegradation of PP, PE, and PS microplastics (Table
2). In particular, A. flavus showed the highest percentage of
reduction of PE weight with (18.8%).

It has been observed in studies relying on literature data that
the efficiency of degradation can vary depending on the
fungal species used and the type of microplastic. Different
fungal species and types of microplastics may exhibit
various enzymatic activities and substrate properties,
leading to varying degrees of degradation or biodegradation
by different fungal species.

For example, certain fungal species may be more effective
on specific plastic polymers, while others may excel in
degrading different types of plastics. Additionally, the
enzymatic activities and adaptation capabilities of fungi can
contribute to the degradation of microplastics to varying
degrees under different environmental conditions and
parameters.

Therefore, studies related to microplastic biodegradation
often test various combinations to evaluate the varying
efficiencies between different fungal species and types of
microplastics. The results of these studies play an important
role in determining which fungal species can effectively
degrade which types of microplastics.

In research related to microplastic biodegradation, it is
important to assess the effects of fungal species and
microplastic types on efficiency. This information can
contribute to the development of more effective biological
methods and help reduce plastic pollution.
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Table 2. Characteristics of biodegradation of microplastics

Strain MP :j;-y })Q)IL ;I'C References

A flavus PE 28 39 28  (Zhang et al. 2020b)

A flavus PE 100 55 30  (Taghavietal. 2021)
Aterreis PE 30 7.6 28 (Singhetal 2012)
A.versicolor PE 30 38 28  (Singhetal. 2012)

A, niger PE 45 711 28 g\(/)\/zilll)iams and Osahon,
A fumigatis PE 45 531 2 g\(’)\’zi'l')iams and - Osahon,

(Dsouza et al. 2021)
(Alshehrei, 2017)
(Alshehrei, 2017)
(Alshehrei, 2017)
(Alshehrei, 2017)

A.consortium PE 55  26.2 28
A. flavus PE 30 162 28
A. niger PE 30 195 28
A. terreus PE 30 218 28
A fumigatus PE 30 205 28

A.versicolor PS 70 33 28  Ourstudy
A.versicolor PP 70 5.1 28  Our study
A.versicolor PE 70 6.7 28  Ourstudy
A. flavus PS 70 19 28 Our study
A. flavus PP 70 68 28 Our study
A. flavus PE 70 188 28 Ourstudy

I.T.: Inkubation Time
W.L.: Weight loss
T: Temperature

5. Conclusion

The pervasive use of plastic has become a defining aspect
of modern life, finding applications across various sectors
owing to its durability and easy availability. However, this
widespread plastic consumption has given rise to a notable
surge in plastic pollution. Plastics have become an integral
part of our daily lives, thanks to their resilient nature and
widespread availability. Unfortunately, this extensive use
has resulted in a considerable upswing in plastic pollution,
with microplastics emerging as a critical environmental
concern. Due to the chemical composition of microplastics,
their biological removal is quite challenging. Microplastic
pollution poses substantial harm to living organisms, the
environment, and ecosystems.

In this study, the biodegradation of PP, PS, and PE
microplastics by A. versicolor and A. flavus was observed.
Biodegradation efficiencies were calculated at the end of a
5, 7, and 10-week incubation period at 28°C.

For PS; A. versicolor has efficiencies of 1.8% (5 weeks),
2.118% (7 weeks), 3.3% (10 weeks), and A. flavus has;
0.2% (5 weeks), 0.3% (7 weeks), 1.9% (10 weeks). For PP;
A. versicolor has efficiencies of 4.2% (5 weeks), 4.5% (7
weeks), and 5.1% (10 weeks); A. flavus has 3.0% (5 weeks),
3.7% (7 weeks), 6.8% (10 weeks). For PE; A. versicolor has
efficiencies of 4.9% (5 weeks), 5.1% (7 weeks), 6.7% (10
weeks), and A.flavus has10.1% (5 weeks), 12.1% (7 weeks),
18.3% (10 weeks).

Eurasian J Bio Chem Sci, 7(1):5-9, 2024

It appears that all results demonstrate a significant level of
microbial activity in the degradation and breakdown of PE
pieces. Additionally, these results indicate that the rate of
degradation of PE pieces is dependent on the duration of
microbial activity.
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Ozet: Steroidal bilesikler, hormon reseptérleri ve steroidojenik enzimler igin ligandlar veya substratlar olarak gorev yaparlar. Bu
bilesikler, hiicre biiylimesi ve ¢ogalma gibi birgok biyolojik siirecte etkili rol oynarlar. Daha 6nce yapilan ¢aligmalar steroid
bilegiklerinin kanser hiicrelerini hedefleme ve kanser tedavisinde kullanma potansiyelini gostermektedir. Steroid bilesiklerinin
biyolojik olarak aktif 4-metil-7-hidroksi kumarin bilesigi ile konjuge edilerek yeni konjugatlar gelistirildigi daha Onceki
caligmada bildirildi. Bu c¢alismada ise, steroidal konjugatlarin hormona duyarli ve diger kanser hiicre hatlari {izerinde
farmakolojik ozellikleri incelendi ve in vitro olarak degerlendirildi. Segicilik indeksinin belirlenmesi amaciyla saglikli hiicre
hattina kars1 proliferasyonlari in vitro olarak test edildi. Ayrica, bu ¢aligmada ilk olarak, etkin konjugatlar iizerinde protein-ligand
etkilesimleri, baglanma ilgilerini belirlemek amaciyla in silico molekiiler baglanma ¢aligmalari yapildi. Bu ¢alismanin sonuglari,
steroid temelli konjugatlarin gesitli hastaliklarin tedavisine ¢ok yonlii bir yaklagim sunma potansiyeline sahip oldugunu
gostermektedir.

Anahtar kelimeler: Antiproliferatif aktivite, Biyokonjugat, 4-metil-7-hidroksi kumarin, Molekiiler baglanma, Steroid.

In vitro biological activity and in silico molecular binding studies of steroidal conjugates

Abstract: Steroidal compounds effectively participate in various biological activities, including cellular growth and proliferation,
by functioning as ligands or substrates for hormone receptors and steroidogenic enzymes. Previous studies have shown the
potential of steroid conjugates in targeting cancer cells and their use in cancer treatment. The previous study reported that new
conjugates were developed by conjugating steroid compounds with the biologically active 4-methyl-7-hydroxycoumarin
compound. In this study, the pharmacological properties of steroidal conjugates were examined and evaluated in vitro on
hormone-sensitive and other cancer cell lines. The proliferation against a healthy cell line was tested in vitro to determine the
selectivity index. Additionally, in silico molecular docking studies were conducted for the first time in this study to determine the
binding affinities of effective conjugates. The results of this study demonstrate that steroid-based conjugates have the potential to
offer a versatile approach to the treatment of various diseases.

Keywords: Antiproliferative activity, Bioconjugate, 4-methyl-7-hydroxy coumarin, Molecular docking, Steroid.

1. Giris

Steroidler, biyolojik olarak aktif organik bilesiklerdir ve
belirli bir molekiiler yapida diizenlenmis dort halkanin bir
araya gelmesiyle olusurlar. Steroidlerin biyolojik olarak iki
temel fonksiyonu vardir. Birincisi, hiicre zarlarmin énemli
bilesenleri olarak membran akiciligim degistirirler. Ikincisi
ise sinyal molekiilleri olarak gorev yaparak cesitli
biyolojik siiregleri diizenlerler (llkar Erdagi ve Yildiz
2022). Bu bilesikler arasinda o6ne ¢ikanlar arasinda
kolesterol bulunur. Kolesterol, hiicre zarlarmin temel

© EJBCS. All rights reserved.

bilesenlerinden biridir ve hiicre zarlarinin esnekligini ve
stviligini korur (Xu ve ark. 2005). Steroidler arasinda yer
alan bir diger 6nemli tiir pregnenolon dur. Pregnenolon,
steroid hormonlarinin {iretiminde 6nemli bir ara madde
olarak  gdrev  yapar. Bu steroid, beyinde
norotransmiterlerin sentezine katkida bulunarak nérolojik
islevlerde etkin bir rol oynayabilir (Osuji ve ark. 2010).
Kolik asit ise safra asitlerinin bir alt grubunu temsil eder
ve sindirim siireglerinde Onemli bir isleve sahiptir.
Sindirimde yag ve vitamin emiliminden, bagirsak
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hareketlerini uyararak toksinlerin atilmasina kadar cesitli
etkileri  bulunur  (Navacchia ve ark. 2020).
Dehidroepiandrosteron (DHEA), steroid hormonlarinin
iretiminde kritik bir rol oynar ve "ana steroid" olarak
adlandirilir. Bagisiklik sisteminin diizenlenmesinde etkili
olabilir, bagisiklik fonksiyonlarini artirabilir ve stres
tepkisini  diizenleyerek viicuttaki dengeyi saglamaya
yardimc1 olabilir (Dembitsky ve ark. 2018). Bitkilerde
dogal olarak bulunan ve laboratuvar kosullarinda diger
steroid hormonlarmin sentezinde kullanilabilen bir
molekiil olan diosgenin, hormonsal dengeyi diizenleme ve
anti-enflamatuvar 6zellikler gibi faydali etkilere sahip
olabilir (llkar Erdagi ve Uyanik 2019). Son olarak,
testosteron, kas gelisimi, kemik saghgi, kirmizi kan
hiicresi tiretimi, cilt ve sa¢ saglig1 lizerinde dnemli etkilere
sahiptir. Ayrica, ruh hali, biligsel fonksiyonlar ve cilt
saglig1 tizerinde de etkileri olabilecegi goézlemlenmistir
(Ilkar Erdagi 2023). Bu steroidlerin viicutta cesitli
biyolojik islevleri, saglikli bir yasam igin kritik dneme
sahip olup, viicutta denge ve diizenin saglanmasinda biiyiik
bir rol oynarlar.

Biyolojik olarak aktif molekiillerin konjuge edilmesi,
ozellikle kanser gibi c¢esitli ¢oklu islevli hastaliklari
hedeflemek icin kullanilan ve ila¢ kesfi i¢in gii¢li bir
aragtir. Bu baglamda, steroidler diger biyolojik olarak aktif
molekiillerle konjuge etmek igin yaygin bir sekilde
kullanilmaktadir. Steroidlerin biyo-konjugasyonu, c¢oklu
iglevli hastaliklarin tedavisinde etkili ve umut verici bir
strateji olarak one ¢gikmaktadir (Bansal ve Suryan 2022).
Yapilan  steroidal  konjugat  ¢alismalari,  izatin-
dehidroepiandrosteron (Ke ve ark. 2015), diosgenin
aminoasit (Cai ve ark. 2019), estron-doksorubisin ve
estron-kitosan (Kurmi ve ark. 2020), ve metotreksat-
diosgenin konjugatlar1 (Cai ve ark. 2016) sentezlenmis ve
bu konjugat bilesiklerin insan kanser hiicre hatlar1 {izerinde
etkili antitiimér aktiviteler gosterdigi tespit edilmistir.
Ayrica, biyogiivenlik degerlendirmesi saglikli hiicre hatlar1
lizerinde sitotoksisiteye neden olmadigini gostermistir.

diosgenin

kolesterol
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Daha once gergeklestirilen calismada, bilinen terapotik
Ozelliklere sahip 4-metil-7-hidroksi kumarin bilesiginin,
yaygin biyolojik islevlere sahip olan steroidlerle
birlestirildigi bildirildi. Calisma kapsaminda, kolik asit,
diosgenin, kolesterol, DHEA ve testosteron gibi farkli
biyolojik etki mekanizmalarina sahip steroid bilesenleri
secildi. Konjugatlarin yapisal o6zellikleri hakkindaki
sonuglar ayrintili bir sekilde ele alindi. Antiproliferatif
aktiviteler, insan eritroid 16semi hiicre hatt1 K562, meme
kanseri hiicre hatti MCF-7 ve rahim kanseri hiicre hatti
HeLa iizerinde in vitro kosullarda degerlendirildi. Mevcut
calismanin temel odak noktasi, karakterize edilmis olan
konjugatlarin 6zellikle hormona duyarli (meme ve prostat
kanseri) ile diger (akciger) kanser hiicre hatlar1 tizerindeki
in vitro antiproliferatif etkileridir.  Antiproliferatif
aktiviteler, ii¢ farkli insan kanser hiicre hatti iizerinde
degerlendirildi: Ostrojen reseptoril negatif MDA-MB-231
meme adenokarsinomu, prostat kanseri PC3 ve akciger
adenokarsinomu A549. Ek olarak, kanser hiicresi olmayan
saglikli MRC-5 kontrol hiicre hatt1 da in vitro kosullarda
test edildi. Bu c¢alisma kapsaminda, tiim konjugatlar
iizerindeki protein-ligand etkilesimlerini ve baglanma
ilgilerini belirlemek amaciyla ilk kez in silico molekiiler
baglanma calismalar1 gergeklestirildi. Molekiiler baglanma
caligmalar1 i¢in meme ve prostat kanseri tedavisinde
kullanilan steroidal ajanlarin gesitli hedef enzimleri
(aromataz CYP19A1, 17a-hidroksilaz/17,20-liaz
CYP17Al, androjen reseptorii AR ve Ostrojen reseptorii o
ERa) secildi ve molekiiler baglanma sonuglari, yaygin
olarak kullanilan referans ilaglarla karsilastirildi. Bu
calisma, potansiyel yeni kanser ajanlarinin kesfi ve
degerlendirilmesine temel olusturmakta olup, belirli
enzimlere veya proteinlere karst etkili bilesiklerin
belirlenmesine katkida bulunarak hedefe yonelik tedavi
stratejilerinin gelistirilmesine yardimc olabilir.

2. Materyal ve Yontem

Konjugatlarin sentezi ve karakterizasyonu daha Once
yapilan c¢alismada bildirildi (Ilkar Erdagi 2023). Sekil 1’
de sematik olarak karakterize edilen konjugatlar verildi.

pregnenolon

Sekil 1. Steroidal konjugatlarin gdosterimi
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2.1. Biyolojik testler

2.1.1. in vitro antiproliferatif aktivite ve hiicre kiiltiirii

Bu caligmada, ii¢ insan timor hiicre hatt1 (akciger
adenokarsinomu (A549); meme adenokarsinom, ER-,
MDA-MB-231; prostat kanseri, PC3 ve bir kanser
olmayan hiicre hatt1 (normal fetal akciger fibroblastlari,
MRC-5) (Amerikan Tip Kiiltir Koleksiyonu (ATCC),
Manassas, VA, ABD) kullanildi. Hiicreler, Dulbecco'nun
modifiye Eagle's Medium'u (DMEM) ile beslenildi, %10
fetal buzagr serumu (FBS, Sigma), antibiyotikler ve
antimikotikler (PAN BIOTECH) ile takviye edilen
ortamda yetistirildi ve 37°C’ de %5 CO2’ li ve 100%
nemli bir ortamda kiltiire alindi. Kiiltiir ortami alternatif
giinlerde yenilendi ve hiicreler tripsin (0.25%)/etilen
diamindiamin tetra asetat (EDTA) (0.02%) igeren fosfat
tampon ¢ozeltisi ile ayrlarak subkiiltire edildi.
Orneklerden ekstrakt elde etmek igin eliisyon test yontemi
kullamildi. Ornekler, %5 FBS ve 100 mg/mL penisilin-
streptomisin iceren DMEM ig¢ine konularak 0.5 g/mL—1
konsantrasyonda inkiibatérde 5% CO; ve 37°C’ de 24
saat boyunca birakildi, béylece herhangi bir ¢6ziinebilir
faktor DMEM’ e sizabilmesi engellendi. Eliisyonun
ardindan, eliientler 0,22 mm'lik bir siringa kullanilarak
sterilize edildi; MTT (3-(4,5-Dimetiltiyazol-2-il)-2,5-
difeniltetrazolyum bromiir, Biofroxx, Almanya) testi igin
taze DMEM kullanilarak ¢esitli konsantrasyonlarda
konjiigatlar hazirlandu.

2.1.2. MTT test

Konjugatlarin antiproliferatif aktivitesi, test bilesiklerine
48 saat maruz kalma sonrasinda tetrazolium renkli MTT
testi kullanilarak degerlendirildi. MTT testi, grubumuzun
daha once raporladigi modifiye edilmis yonteme gore
kullanildi (llkar Erdagi ve Yildiz 2022). Hiicreler yassi
tabanli 96 kuyucuklu plaklara 104 hiicre/200 L
yogunlugunda ekildi. Ekildikten sonra hiicreler, 37 °C’ de,
%5 CO; igeren bir ortamda, 24 saat boyunca inkiibatorde
baglanmalaria izin verildi. Kiltiir ortami
uzaklastirildiktan ~ sonra, test bilesiklerinin  DMSO
igerisinde konsantrasyon gradyanini igeren 0,5 uM ile 100
uM araliginda degisen taze ortam igeren 100 uL yeni bir
ortam ile degistirildi. Goreceli hiicre hayatta kalimini
belirlemek igin 6ziit igermeyen ortamda bulunan hiicreler

kullanildi. Hiicreler, pozitif kontrol olarak DMSO
(Biofroxx, Almanya) ile isleme alindi. Ekstrakt
konsantrasyonlarinin  eklenmesinden sonra hiicreler,

sitotoksik ve proliferatif etkileri gézlemlemek i¢in 48 saat
boyunca inkiibe edildi. ICsp, hiicre biiylimesini %50
oraninda inhibe eden bilesik dozu olarak tanimlandi ve
Origin 9 (OriginLab, Northampton, ABD) kullanilarak
Boltzmann sigmoid fonksiyonu ile nonlineer regresyon
analizi kullanilarak belirlendi. MTT testi, yasayan
hiicrelerde mitokondri dehidrogenazlari tarafindan 3-(4,5-
dimetiltiyazol-2-il)-2,5-difenil tetrazolium bromiir
(MTT)’lin formazan haline getirilmesine dayanmaktadir.
Steroidal sitotoksisitenin genel kontrolii olarak formestan
ve non-spesifik sitotoksisite kontrolii olarak doksorubisin
kullanildi. Test edilen hiicre hatlar1 i¢in seciciligi gosteren
ICs0 degerlerinin normal ve kanser hiicreleri i¢in alinan
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ICso degerlerinin oranindan hesaplanan Selektivite indeksi
(SI) degerleri belirlendi. SI degeri >3, iyi bir segiciligi
temsil etmektedir. SI, bir normal hiicre hattinin ICso degeri
ile ilgili kanser hiicre hattinin ICso degeri arasindaki oran
olarak hesaplandi (Denklem 1).

ICso normal hiicre

Secicilik indeksi = (1)

ICsg kanserli hiicre
2.2. Molekiiler baglanma hesaplamalari

2.2.1. Protein (reseptior) ve ligand yapi koordinatlarinin
hazirlanmast

Antiproliferatif caligmalar1 tamamlamak ve steroidal
kumarin konjugatlar1 i¢in olas1 protein hedeflerini nermek
amaciyla, molekiiler baglanma simiilasyonlari
AutodockVina yazilim paketi kullanilarak gerceklestirildi
(Eberhardt ve ark. 2021), (Trott ve Olson 2009)).
Calismada kullanilan konjugatlar, meme ve prostat
kanserinin tedavisine kullanilan steroidal kemoterapotik
ilaclarin dort protein hedefine karsi test edildi. Protein
Data  Bank  (PDB)’ den CYPI17A1 (170-
hidroksilaz/C17,20-liaz, PDB Kimlik: 3RUK), CYP19A1
(aromataz, PDB Kimlik: 3EQM), dstrojen reseptorii (ERa.,
PDB Kimlik: 3ERT) ve androjen reseptorii (AR, PDB
Kimlik: 2AMA) olan kodlar segildi. Enzim yap1
koordinatlari ve ii¢ boyutlu yapisi protein veri bankasindan
alind1 (http://www.rcsb.org). Antagonist konformasyonlari
icin arama kutusu, ko-kristallenmis ligandin merkezi
etrafinda yer aldi ve 40 A X 40 A X 40 A boyutunda bir
alan  kullanildi.  AutoDock  Vina  algoritmasinin
gergeklestirdigi  ornekleme miktarini artirmak igin bir
exhaustiveness degeri 16 alindi. Yiiksek bir exhaustiveness
degeri, bir minimumu (baglanma enerjisi) bulamama
olasiligini azaltir, bu degeri 8'e varsayilan degerini azaltir
(Rocha-Roa ve ark. 2023). A zinciri digindaki zincirler,
ligand ve su molekiilleri i¢in koordinatlar bir metin
diizenleyici kullanilarak kaldirildi, polar hidrojenler ve
Kollman yiikleri Autodock Tools 1.5.7 kullanilarak
eklendi. Inhibitor test bilesiklerinin konformasyonel
analizi Avogadro yazilimi kullanilarak gerceklestirildi ve
en kararli konformasyonlar MMFF94s ile optimize edildi.
Aktif bolge koordinatlart Discovery Studio Visualizer
2021 ile belirlendi. Tiim ligand-protein baglanma
hesaplamalari, AutoDock Vina yazilimini kullanarak rijit
protein iginde esnek bir ligand olarak gergeklestirildi.
Baglanma enerjisi (kcal/mol) ag¢isindan ligandin en iyi
baglanma modu segildi ve kullanildi. Kontrol baglanma
calismalari, reseptorlerin  X-151m1  kristal yapilarinda
bulunan ligandlar1 kullanarak gergeklestirildi. Tiim kontrol
tekrar baglanma ¢alismalari, ilgili kristal yapilarinda
bulunan ligand-protein geometrilerini  {iretti (RMSD
<1.16). Formestanin iyi bilinen bir CYP19 inhibitoriidiir
ancak  karmagikta  ¢oziilen  bir  kristal  yapist
bulunmamaktadir. Bu nedenle CYP19 baglanma
simiilasyonlarinda karsilastirma i¢in dahil edildi (Nikolic
ve ark. 2015). Tahmin edilen baglanma enerjileri yaklagik
olarak <10 kcal/mol bulundugu bildirildi, bu, kontrol
baglanma caligmalarina dayanarak onemli olarak kabul

edildi.
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2.3. istatiksel analiz

Tiim istatistiksel analizler, varyans analizi (ANOVA)
kullanilarak %35 olasilik  diizeyinde gergeklestirildi.
ANOVA, farkli gruplar arasindaki istatistiksel anlamliligt
belirlemek i¢in kullanildi. Tim O6l¢iimler en az li¢ tekrar
icin yapildi. Tiim caligmalarda, p<0.05 istatistiksel anlamli
olarak kabul edildi. Sonuglar, her biri ortalama standart
hata olarak sunuldu.

2.4. Kisaltmalar ve semboller listesi

ATCC American Type Culture Collection

Ae Angstrom

DHEA Dehidroepiandrostan

DMSO Dimetilstilfoksit

DOX Doksorubisin

DMEM Dulbecco’nun modifiye Eagle's Medium'u

EDTA Etilen diamindiamin tetra asetat

FBS Fetal buzag1 serumu

1Cs0 Inhibisyon konsantrasyonun %50’ si

K562 Insan eritroid 16semi hiicre hatt:

kCal Kilo kalori

RMSD Kok ortalama kare sapma

HelLa Rahim kanseri hiicre hatt1

MCF-7 Meme kanseri hiicre hatti

MTT (3-(4,5-Dimetiltiyazol-2-il)-2,5-
difeniltetrazolyum bromiir

ER Ostrojen reseptor

MDA-MB-231  Ostrojen reseptorii negatif meme
adenokarsinomu

PC3 Prostat kanseri

PDB Protein Data Bank

Sl Selektivite indeksi

AG Serbest enerji
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3. Sonuglar ve Tartisma

3.1. Steroidal kumarin konjugatlarin in  vitro
antiproliferatif aktivitesi
Kumarin bilesigi ile konjuge edilmis steroidlerin

antiproliferatif hiicre potansiyellerinin ve c¢esitli steroid
bilesiklerinin etkisinin degerlendirilmesi (konjugatlar 5-9),
insan kanser hiicre hatlarina (MDA-MB-231 (insan meme
adenokarsinomu, ER, triple-negatif), PC3 (prostat kanseri)
ve A549 (insan akciger karsinomu)) karsi standart MTT
(3-(4,5-dimetiltiyazol-2-il)-2,5-difeniltetrazo-liumbromiir)
testi kullanilarak yapildi. Sitotoksisite kontrolii olarak,
saglikli  kanser olmayan MRC-5 (fetal akciger
fibroblastlar1) kullanildi.  Sonuglar, segici olmayan
sitotoksik bir ilag olan doksorubisin (DOX) ve steroidal
CYP19/aromatizaz  inhibitérii ~ formestan  karsisinda
degerlendirildi. Konjugatlarin antiproliferatif aktiviteleri,
Tablo 1’de listelenen IC50 parametreleri olarak ifade
edildi. (Tablo 1). Tablol’ de verilen sonuglar, tiim
konjugatlarin bu ii¢ tiimér hiicre hattina karsi yiiksek ila
orta derecede sitotoksisite gosterdigini ve ICsg degerlerinin
nispeten diisik uM konsantrasyon araliginda oldugunu
gosterdi (ICsg 16.4-36.7 uM). Diger yandan, MRC-5 hiicre
hatt1 i¢in sitotoksisiteleri kontrol grubuna benzer olup, bu
da incelenen bilesiklerin test aralig1 iginde toksik olmadigi
sonucunu verdi (ICs0>100 uM).

Tablo 1 Steroidal konjugatlarm (5-9) ve anti-kanser ilaglarinin in vitro antiproliferatif aktiviteleri

. MDA-MB-231 PC3 A549 MRC-5°

Konjugat

ICso Si 1Cs0 Si 1Cso Si 1Cso
5 22.8 >4.4 20.1 >5.0 28.7 >35 >100
6 304 >3.3 18.6 >54 14.8 >6.8 >100
7 334 >3.0 26.4 >3.8 20.2 >5.0 >100
8 16.4 >6.1 11.3 >8.8 24.6 >4.1 > 100
9 331 >3.0 10.5 >95 325 >3.1 >100
Formestan? 56.3 >1.8 96.3 >2.1 38.6 >2.6 >100
Doksorubisin®  0.16 0.8 46.7 <0.01 16.9 <0.01 0.12

Her test bilesigi konsantrasyonu i¢in dort kez tekrarlanan iki bagimsiz deneme gergeklestirildi. Her konsantrasyon igin ortalama degerler
ve standart sapmalar (SD) hesapland1 ve ICso degerleri olarak verildi. a. Meme kanseri karsi klinik kullammda olan kontrol steroid

bilesigi, b. Kontrol antiproliferatif bilesigi, c. Kanser dis1 kontrol.

Anti-kanser ilag adaylarmin gergek terapotik potansiyelini
belirlemek i¢in normal hiicrelere karsi segiciliklerini
degerlendirmek onemlidir. Bilesigin kanser hiicrelerine
kars1 giivenli seviyesini gdsteren Segicilik Indeksi (SI),
bize degerli tahminler saglar. Daha yiiksek SI degeri, daha
biiylik bir anti-kanser 6zgilligiinii gosterir ve SI degeri
3.0"in iizerinde olan bilesikler, yiiksek secici ajanlar olarak
kabul edilir (Michalak ve ark. 2020)). Doksorubisin gibi
yaygin kullanilan anti-kanser ilacinin, SI degerlerine
bakildiginda (MDA-MB-231 i¢in 0.8 ve PC3 ve A549 i¢in
<0.01), disiik segicilik indekslerinin hem kanser hem de
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normal hiicrelere karsi toksik olmalarinin dezavantajini
gosterdi. Caligilan steroidal konjugatlarin ise kanser
hiicrelerine kars1 yiiksek sitotoksik aktivite sergilerken
saglikli  hiicreye karsit toksik etkilerinin  olmadig,
konjugatlarin yiiksek SI degerleri ile desteklendi (SI=3.0—
9.5). Yapilan degerlendirmede, referans ilag DOX’un
saglikli MRC-5 hiicrelerine yiiksek toksik etkisi oldugu,
secicilik indeksinin diigiikk oldugu (SI= 1.0 ve 0.06) ve
genel anlamda sitotoksik etkisinin oldugu goriildii. Diger
yandan DOX, PC3 hiicreleri iizerinde etkisinin olmadig1
daha onceki ¢alisma raporlari ile uyumlu olarak bulundu.
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Formestan i¢in elde edilen verilerden hem kanser ham de
saglikli hiicreler tlizerinde sitotoksik etkisinin olmadig1 ve
yiiksek ICsg degerlerine sahip oldugu goriildi (SI=>1.8).

Test edilen tiim konjugatlar (5-9), meme kanseri hiicreleri
(MDA-MB-231) karsisinda diisiik konsantrasyonlarda
antiproliferatif aktivite sergiledi. 1Cso degerleri 16.0 ile
37.0 uM arasinda degismekte olup, bu sonuglarin steroid
konjugatlarinin MDA-MB-231 hiicre biiylimesini inhibe
etmede genel bir rol oynadigini gésterdi. Doksorubisin
meme kanseri hiicreleri {izerinde antiproliferatif aktivitesi
ICso degeri olarak 0.16 mM olarak bulundu. Ozellikle
konjugatlar arasinda konjugat 8, DHEA grubunun varligi
sayesinde, en diisiik ICso (16.4 pM) degerine sahip
antiproliferatif aktivite sergiledi. Referans ila¢ ile
kiyaslandiginda, DOX’in aksine konjugat 8’ in inhibe etme
konsantrasyonu daha yiiksektir ancak SI degeri olarak
bakildiginda meme kanseri  hiicreleri ig¢in  6zgiil
olabilecegini  gostermektedir. DHEA, viicutta hem
testosteron hem de estron'a metabolize olur ve laboratuvar
hayvanlarinda hem androjenik hem de 6strojenik etkilere
yol acar. DHEA' nin meme kanseri hiicrelerinin
¢ogalmasii Ostrojen reseptorii aktivasyon yoluyla inhibe
ettigi daha 6nce yapilan ¢aligmalarda 6nerildi (Matsuzaki
ve Honda, 2006)). MDA-MB-231 meme kanser hiicreleri
icli negatiftir ve tglii negatif meme kanserleri, hasta
Oongoriisii  zayif olan kanser tiirleri ile iliskilendirilir.
Bugiine kadar tglii negatif meme kanserleri i¢in az sayida
hedefe yonelik tedavi gelistirilmis oldugundan, MDA-MB-
231 hiicre hatlarinin  proliferasyonunu inhibe eden
bilesiklerin tanimlanmasi, daha etkili tedavilerin gelecekte
gelistirilmesi i¢in 6nemli olabilir.

Neredeyse tiim bilesikler PC3 prostat hiicreleri karsisinda
giicli  antiproliferatif —aktivite gosterdi. Konjugatlar
arasinda, 9, 3-0kso-4-en sistemine sahip olarak en yiiksek
antiproliferatif etki (ICsp 10.5 uM) sergiledi, konjugatlar 8
ve 6, kanser hiicrelerini benzer olarak diisiik konsantrasyon
degerlerinde inhibe etti (sirasiyla 1Cso 11.3 uM ve 18.6
uM). Tablo 1’ den, test edilen tiim bilesiklerin PC3
hiicrelerine karst Formestan’ den daha giicli sitotoksik
aktivite gosterdigi sonucuna varildi. DOX ise sitotoksik
olarak etkisiz oldugu goriildii (ICsp 96.3 uM). Formestan'in
CYP19, Sa-rediiktaz ve steroidogenez ve hiicre
proliferasyonunda yer alan diger enzimlerin bilinen bir
inhibitorii oldugu bilinmektedir (Savi¢ ve ark., 2020).
Formestan’in PC3 kanser hiicreleri iizerine antiproliferatif
etkisi DOX ile kiyaslandiginda yiiksek oldugu goriildi
(ICs0 46.7 uM). Akciger kanser hiicreleri A549 acisindan
degerlendirildiginde, konjugatlar arasinda 6’ nin, en diisiik
konsantrasyonda sitotoksik etki gosterdigi elde edildi (ICso
14.8 uM). Diosgenin yapisindaki hetero seker bilesigi (E
ve F spiro halkalar) ve 5,6-¢ift bag, A549 hiicrelerinin
¢ogalmasimi engelleyebilme ve apoptozu tetiklemesinin
pl3k/Akt yollarmin baskilamasmin bir sonucu oldugu,
ayrica A549 hiicre hattinda hTERT gen ifadesini azaltti1
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yapilan ¢aligmalarda bildirildi (Xu ve ark. 2019; Trouillas
ve ark. 2005). DOX’ e kiyasla tiim konjugatlarin etkisi
diisiiktiir. Ancak SI degeri ile karsilastiginda konjugatlarin
kanserli hiicreye daha segici inhibisyon sergiledikleri
goriildi. DOX” nin A549 hiicrelerine karsi SI degeri< 0.01
iken bu deger konjugat 6 igin> 6.8 olarak bulundu.

In vitro c¢alisma sonuglarma gore, konjugatlarin
antiproliferatif aktivitesinin 6ncelikle kumarin halkasinin
steroid bilesiklerine dahil edilmesi ile iligkili oldugunu
gosterdi. Kumarin  halkasinin, hiicre = dongiisiiniin
diizenlenmesi, apoptozisin uyarilmasi ve tiimor hiicresinin
biiyiimesini ve ilerlemesini tesvik eden hiyaliironik asit
sentezini inhibe ettigi daha Once yapilan calismalarda
bildirildi (Hani ve ark. 2016). Bu ¢alismada elde edilen in
vitro sonuglar, tim konjugatlarin ¢esitli hiicre hatlarina
karst antiproliferatif etki gosterdiklerini sergiledi. Bu
etkilerinin belirleyicilerinden biri, steroid bilesiklerinin
lipofilisitesidir. Spesifik olarak c¢aligmada kullanilan
steroid Dbilesiklerin bir¢ok niikleer ve transmembran
reseptoriin aktivasyonunu veya inhibisyonunu
diizenleyerek, kanser hiicrelerinin ilerlemesi ve metastazi
ile yakindan ilgili oldugu yine bildirilen g¢alismalarda
bulundu (Ilkar Erdagi 2023; Kowalczyk ve ark. 2021).

silico

3.2. Steroidal kumarin konjugatlarinin in

molekiiler baglanma ¢alismalari

Her canli sistemde (insan, hayvan, bitki, mantar veya
bakteri), herhangi bir fonksiyon veya etkinlik, molekiiler,
hiicresel veya organ seviyesinde biyolojik olaylara
cevrilebilir. ~ Steroidal  konjugatlarin  antiproliferatif
aktiviteleri tlizerine bir ¢alisma yapildi ve molekiiler
baglanma ¢aligmasi, molekiiliin temel etkinlik 6ngoriisii
aragtirmasindan  sonra  geldi  (Mahalakshmi  ve
Parthasarathy 2023). Molekiiler baglanma ¢alismalari, yan
etkisi olmayan veya minimum yan etkisi olan ilaglarin
kesfi i¢in yaygin olarak kullanilan, ila¢ tasariminda gerekli
ve Onemli bir adimdir. Hedef proteinlerin segimi ve
onceliklendirilmesi, bir hastaliga dayali olarak ¢alismak
icin literatiir ve veri tabanlarinda veri madenciligi
yontemleri ile gergeklestirilir, bu sayede proteinle
etkilesme sonuglar1 elde edilir (Yu ve ark. 2018).

Molekiiler baglanma genellikle, ligandin ve hedef
biyomolekiiliin konformasyonlarinin reseptoriin belirlenen
aktif bolgesinde geometrik optimizasyonunu igeren iki
asamali bir siirecten olusur (Cortes ve ark. 2005).
Ardindan, bunlar1 skorlama islevlerine gore siralayarak, bu
skorlama islevi, kullanilan yazilimin gelistirilmesinde
kullanilan algoritmaya bagli olarak bir yazilimdan digerine
farklilik gosterir. Potansiyel, in vitro uygulamada dogru
baglanma modunu ne kadar iyi tahmin ettiginde yatar
(Sreenatha ve ark. 2022). Bu nedenle, yeni tasarlanan
konjugatlara (5-9) i¢in aromataz, 17,20-liaz, androjen
reseptor ve Ostrojen reseptor alfa alanina karsi uygulanan
molekiiler baglanma calismalar1 yapildi.
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Tablo 2 Steroidal konjugatlarin (5-9) ve anti-kanser ilaglarinin protein hedefleri olan aromataz (CYP19), 17,20-liaz
(CYP17), androjen reseptorii (AR) ve dstrojen reseptorii (ERa) ile molekiiler baglanma enerjileri ((AG (kcal/mol))

Konjugat CYP19 CYP17 AR ERa

5 -11.56 -11.38 -9.40 -11.65
6 -11.31 -11.37 -9.64 -11.13
7 -11.94 -12.09 -9.00 -10.61
8 -12.94 -12.37 -9.93 -11.32
9 -12.56 -12.07 -9.14 -10.13
AER -10.67

ASD -10.67

OHT -0.94
DHT -11.19

Formestan? -11.80

@ referans inhibitor (Nikolic ve ark. 2015)

Dort farkli hedef proteine konjugatlar iyi baglanma
afinitesi gosterdi ve elde edilen sonuglar Tablo 2’ de
verildi. Konjugat ligandlarin, genellikle = -alkil, © - =
kontaklari, m -dondr hidrojen, karbon-hidrojen ve
konvensiyonel hidrojen baglart gibi ¢esitli etkilesimler
aracilifiyla proteinlerle etkilesime girdigi gorildii.
Baglanma prosediiriinii dogrulamak i¢in kristalize enzim
ve reseptor yapilarindaki dogal ligandlar (CYP17A1 igin
Abirateron (AER), CYP19A1 i¢in Androstendion (ASD),
AR i¢in Dihidrotestosteron (DHT), ve Eroa igin 4-
hydroxytamoxifen (OHT) kendi orijinal baglanma
bolgelerine tekrar baglandi. Tim kontrol baglanma
simulasyonlar1, ilgili kristal yapidaki ligand-protein
geometrilerini retti. Kristal yapilarda ligandlarin tekrar
baglanmasi, baglanmis ligandin ve X-ism1 kristal
yapilarindan elde edilen koordinatlar arasinda kok
ortalama kare sapma (RMSD) < 1.2 A ile basarili bir
sekilde gerceklestirildi (Sekil 2). Formestanin hedefi
CYP19 ile ¢oziilmiis bir kristal yapis1 olmasa da formestan
iyi bilinen bir CYP19 inhibitdriidiir ve bu nedenle CYP19
baglanma simiilasyonlarinda karsilagtirma amaciyla dahil
edildi. Tahmini baglanma enerjileri yaklasik olarak
AG<-10 kCal/mol, kontrol baglanma c¢alismalarina
dayanarak 6nemli kabul edildi.

Tekrar baglanma isleminden elde edilen RMSD degerleri
1.2 A’ un altindadir bu galismada kullanilan protokoliin
gegerli oldugu ve ligand bilesiklerin (5-9) baglanma
calismast i¢in uygun olabilecegi anlamina gelmektedir
(Sekil 2). Her baglanma hesaplanmasinda dokuz baglanma
konumu olusturuldu ve elde edilen en yiiksek baglanma
skoru (serbest enerji = AG= -kcal/mol) segilerck verildi.
Orijjinal ligandlar ve konjugatlarin c¢aligilan enzim ve
reseptorler i¢in baglanma skorlar1 Tablo 2’ de verildi. Tim
baglanma skorlar1 incelendiginde, konjugat 8’in dort
reseptore karst en yiiksek baglanma skoru gosterdigi
goriildi. CYP17A1 ve CYPI9A1’ e kars1 yapilan
baglanma skorlari, konjugatlarin tiimiiniin (5-9), sirasiyla
referans ligandlar AER ve ASD’ den (AG=-10.25

15

kCal/mol ve AG=-10.67 kCal/mol) daha yiiksek baglanma
skorlarina (AG= 11.37 ile-12.37 kCal/mol ve AG=-11.31
ile-12.94 kcal/mol arasinda) sahip oldugunu gosterdi.

Diger yandan AR’ e kars1 yapilan baglanma skorlari,
konjugat 8 (AG=-9.93 kcal/mol) i¢in en yiiksek oldugu ve
referans ligand DHT’ den (AG=-11.19 kcal/mol) daha
diisiik baglanma skorlarina sahip oldugunu gosterdi. Son
olarak ERa’ e karsi yapilan baglanma skorlari, tiim
konjugatlarin, referans ligand OHT’ den (AG=-9.94
kcal/mol) daha yiiksek baglanma skorlarma sahip
olduklarin1 gosterdi. Konjugatlar arasinda 8 ve 5 sirasiyla
AG=-11.32 kcal/mol ve AG=-11.65 kcal/mol en iyi
baglanma skorlarina sahip bilesikler olarak belirlendi.
Konjugatlar yapilarindaki steroid halkast ve kumarin
gruplarinin birden fazla protein fonksiyonel grubuyla polar
temas olusturma yetenegi sayesinde, bu konjugatlarin
birden fazla hedefe 6nemli bir afinite ile baglanmasi
tahmin edilmektedir. Elde edilen sonuglardan bu
konjugatlarin, steroid iiretiminde dahil olan birden fazla
hedefi inhibe edebilecek yeni steroidal hibrit bilesiklerin
tasarimi i¢in kullanigh olabilecegini 6ne stirmektedir.

Molekiiler baglanma simiilasyonlari sonrasinda elde edilen
konjugat 8’in aromataz (CYP19), 17,20-liaz (CYP17) ve
AR’ e ve konjugat 8 ve 5’in ER’ e kars1 baglanma 6nerilen
modelleri sirastyla Sekil 3-6’ da sunuldu. Ligandlarin
reseptdor  proteinlerine  baglanmasi  genellikle zayif
etkilesimlerle gerceklesir, bu da iyonik baglar, hidrojen
baglari, Van der Waals etkilesimleri ve hidrofobik etkiler
gibi etkilesimleri igerir. Bu nedenle, mevcut araglarin
kullanilabilirligine bagli olarak, ligandlar ile reseptorler
arasindaki hidrojen bagi ve hidrofobik bag olusumlarina
katilan kalintilari analiz edildi. Ilk olarak, elde edilen
konformasyonlar Discovery Stuido ile gorsellestirildi ve
reseptor ile ligandlar arasinda olusan hidrojen baglari
incelendi.
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CYP17 CYP19 AR ERa
Native Ligand: AER Native Ligand: ASD Native Ligand: DHT Native Ligand: OHT
RMSD: 1.16 RMSD: 0.43 RMSD: 0.44 RMSD: 1.10
AG= -10.25 keal/mol AG= -10.67 kcal/mol AG=-11.19 keal/mol AG=-9.94 keal/mol

Sekil 2. Yeniden baglanma konformasyonlarin ve deneysel konformasyonlarin 6rtiigmesi
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Sekil 3. CYP19 (PDB ID: 3EQM) ile konjugat 8’ in ligand-protein etkilesimleri

Insan plasental aromataz sitokrom P450 kristal yapisi fonksiyonel grubunun Gly439 amino grubu ile Cys437
(androstendion kompleksi tarafindan inhibe edilmis omurgasi ile hidrojen baglar1 olusturdugu gézlemlendi.

ok51d0.1.reduktavz) 3EQM’ tum .konjugatlar (5-9) ile Insan sitokrom P450 CYP17A1 kristal yapis1 (abirateron

molekiiler baglanma islemine tabi tutuldu (Ghosh ve ark. . S . . i

2009). Konjugat arasinda 8" in iyi bir baglanma enerjisi kpmpleks1 taraﬁndan.mhlbe edllen.okmdoreduktaz, 17,20-
) liaz) 3RUK, tiim konjugatlar (5-9) ile molekiiler baglanma

Osterdigi (AG=-12.94 kCal/mol) ve = -silfiir, = -alkil, . . . .
§Iki| n _gn "(F sekilli, 7 -sigma, 7 -()10n6r hidrojen baglan ve islemine tabi tutuldu (DeVore ve Scott 2012). Konjugat
' ’ ' 8’in, 17,20-liaz’ a baglanma c¢alismalarinda, ligandin

kon\'/ens.ly'onel .hldle_]?n bapla'rl .lle gleli etk11e§1m1er reseptore baglanmasini Onerildi ve Sekil 4’ te 2D ve 3D
sergiledigi tespit edildi. Bu etkilesimlerden konvensiyonel P S, .
o - goriintiileri ile verildi. Bdylece steroid halkasinda polar
hidrojen baglarinin, sirasiyla Met374 ve Argl15 kalintilart o
temaslar olusurken, siiksinat grubu keton gruplarinin,

arasinda 4.32 A= ve 4.59 A= aqilarinda, Glyd39 ve Cysd37 Cys442 ve Arg96 kalintilar ile sirasiyla 5.01 Ae ve 6.91
kalintilar1 arasinda 3.52 Ae ve 4.93 Ac agilarinda ve son . S N
A~ acgilarinda  konvensiyonel  hidrojen  baglar

ggﬁniergi 1;213?;;13lleetéigoimﬁorinﬁmlgga é);du3g]; olusturduklar1 goriildi. Diger yandan, kumarin halkas: ile
) £ ? Cys442 kalintisi arasinda 5.92 A agisinda konvensiyonel

goruntule,rl Sekvﬂ 3 te detaylapd1r1ld1. Konjugat 8 | hidrojen baglar1 oldugu gézlemlendi. Konjugat 8 ile enzim
aromataz’ a baglanmasi, dogal ligand olan androstendion e o 2o <
arasinda ayrica 7 -siilfiir ve m -alkil ile etkilesimler yaptig1

ile kristal yapisinda goriilenle benzer bir yap1 sergiledigi I ) L . X
Sne siiriil dylj. pSteroi d gm olekiiliiniin bir tara}glnpda lg—ketogn onerildi. Abirateron dogal ligandinin kristal yapisindaki
’ ’ 17, 20-liaz’ a baglanmasiyla konjugat 8’inkinin benzer

fonksiyonunun (D halkas1) Argl15 kalintisi ile ve Met374 oldugu elde edildi. Tahmini baglanma enerjisi AG=-12.37

;I)li“?:lrmtg(r)aftg;u 122 ll(léirzje; g;aiilagn?;liiuﬁilllkg;m gzo_ rﬁ;g;; kCal/mol iken, abirateron ile tekrar baglanma sonrasinda
& Jug tahmini baglanma enerjisi AG=-10.25 kCal/mol olarak

fonksiyonunun Ser314’{in hidroksiline baglandigr ve h land
konjugasyonu saglayan siiksinat grubu iizerindeki keton esaplandi
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Sekil 5. AR (PDB ID: 2AMA) ile konjugat 8’ in ligand-protein etkilesimleri

Insan androjen reseptorii ligand baglama bolgesinin
dihidrotestosteron (DHT) ile kompleks halindeki kristal
yapisi, 2AMA, konjugatlar (5-9) ile aglanma analizine tabi
tutuldu. Hidrofobik ve esnek cepleri i¢eren kristal yapinin
Arg 752 ve Gln 711 olmak tizere iki derin kalint1 igerdigi
goriildii (Pereira de Jesus-Tran ve ark. 2006). Dogal ligand
DHT, AR’ e yiksek afiniteye sahiptir (AG=-11.19
kCal/mol). Konjugatlar arasinda, 8’ in giiglii etkilesimler
nedeniyle iyi bir baglanma enerjisi sagladigi belirlendi
(AG=-9.93 kCal/mol). Bu etkilesimler, n -katyon, = -alkil,
alkil ve konvensiyonel hidrojen baglaridir. Konjugat 8’in
stiksinat grubu, GIn711, Met749 ve Arg752 kalintilart ile
bag agilar1 291, 3.06 Ac ve 2.84 (2.93) A- olan
konvensiyonel hidrojen baglar1 yaptigi ve ayni zamanda
kumarin grubu tzerinden bag agis1 3.13 Ae Val685
kalintis1 ile etkilesimde bulundugu onerildi. Bu hidrojen
bagi etkilesimleri DHT ile goriilen ile benzerdir. Konjugat
8‘in yaptig1 ek hidrofobik etkilesimler, 2D ve 3D
goriintlileri ile Sekil 5” te verildi.

Insan ©Ostrojen reseptorii alfa ligand baglama alani,
sentezlenen konjugatlar (5-9) ile 3ERT’ in 4-
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hidroksitamoksifen (OHT) ile kompleks halinde baglanma
islemine tabi tutuldu (Shiau ve ark. 1998). ER’ iin OHT ile
olusturduklar1 hidrojen baglaria katilan kalintilar Arg394
ve Glu353 olarak belirlendi (Shiau ve ark. 1998).
Konjugatlar arasinda, 5, iyi bir baglanma enerjisine sahip
oldugu (AG=-11.65 kCal/mol) ve = -alkil, alkil ve = -sigma
gibi hidrofobik etkilesimler disinda Thr347 ve Glu380
kalintilar1 ile sirasiyla 2.33 ve 2.12 Ae agisinda giiglii
hidrojen baglar1 oldugu goriildi (Sekil 6a). Diger yandan,
konjugat 8, ikinci en iyi baglanma enerjisine sahipti
((AG=-11.32 kCal/mol) ve = -alkil,  -silfiir, alkil ve
konvensiyonel hidrojen baglar1 etkilesimlerine sahip
oldugu tahmin edildi. Konjugat 8’in Arg394, Thr347 ve
Leu536 kalintilar ile sirasiyla 3.04 Ae, 3.06 A° ve 3.11 Ae
acilarinda konvensiyonel hidrojen bagi etkilesimleri
yaptigr Sekil 6b° de verildi. Konjugat 8 in 17-karbonil
grubu ile Arg394 kalintisinin NH» grubu arasinda giiclii bir
hidrojen bagi gozlemlendi. Arg394 hem OHT hem de
konjugat 8 ile etkilesimde ortak bir rol oynar. Bu konjugat
8’in ER i¢in 6nemli bir ligand olabilecegini ve dolayisiyla
ER fonksiyonu iizerinde inhibe edici bir etki
gosterebilecegi sonucuna varildi.
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Sekil 6. ER (PDB ID: 3ERT) ile konjugat 5 ve 8 in ligand-protein etkilesimleri

4. Sonug¢

Bu c¢alismanin sonuglari, karakterize edilen steroidal
kumarin konjugatlarinin potansiyel anti-proliferatif ve
antikanser etkilerini ortaya koymaktadir. Konjugatlarinin
in silico molekiiler baglanma g¢alismalari, in vitro anti-
proliferasyon ve antikanser potansiyelleri degerlendirildi.
Kumarin bilesiginin steroid halkasina dahil edilmesinin
etkileri incelendi. Molekiiler baglanma simiilasyonlari,
meme, prostat ve akciger kanser tedavisinde klinik olarak
kullanilan  steroidal kemoterapdtik ajanlarin  gesitli
hedefleri (Aromataz (CYP19A1), androjen reseptorii (AR),
170-hidroksilaz/17,20-liaz (CYP17A1) ve  Ostrojen
reseptorii o (ERa) karsisinda gergeklestirildi. Konjugat 8’
in yliksek afiniteli olarak birden fazla molekiiler hedefe
baglanabilecegi Ongoriildii. Antiproliferatif aktivite, iic
insan kanser hiicre hattinda (meme adenokarsinomu
(MDA-MB-231); prostat kanseri (PC3) ve akciger

adenokarsinomu (A549)) in vitro olarak 6lgiildi.
Konjugatlarin  antiproliferatif etkileri, formestan ve
doksorubisin  gibi referans ilaglarla karsilagtirilarak

degerlendirildi. Sitotoksik olarak etkileri belirlenmek igin
normal kanser olmayan kontrol hiicre hattina karsi (MRC-
5) minimum inhibisyon konsantrasyonlar1 belirlendi. Cogu
konjugat, molekiiler baglanma sonuglarina uyumlu olarak
cesitli kanser hiicre hatlarinin biiylimesini inhibe ettigi
goriildii. Bazi konjugatlar, kanser hiicre hatlarma karst
referans ila¢ doksorubisinden daha yiiksek antiproliferatif
aktivite sergilerken, tiim konjugatlarin kanserli olmayan
saglikli hiicrede toksisiteye neden olmadig: tespit edildi.
Molekiiler baglanma taramasindan elde edilen steroidal
konjugatlar ile enzim hedefleri arasinda gdsterilen iyi
baglanma enerjisi, bu konjugatlart potansiyel bir
antiproliferatif ajan olarak degerli kilmaktadir. Sonugclar,
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steroidal konjugatlarin, birden fazla steroidogenez yolunu
modiile eden bilesiklerin tasariminda kullanilabilecek
esnek yapilar oldugunu gostermektedir. Biyolojik olarak
aktif gruplarin konjugasyonu veya modifikasyonu, yapi-
aktivite iligkilerini daha iyi anlamaya ve ilgili hedef
enzimlerin etkin bdlgesindeki oSnemli etkilesimleri
belirlemeye yardimer olabilir.
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Abstract: In this research, the potential of Elaeagnus angustifolia tree leaf extract as a green corrosion inhibitor for mild steel in
hydrochloric acid solution was examined. The stock concentration of the aqueous extract was determined to be 0.38% (w/v). Other
experimental solutions were created by diluting four different extract concentrations in aggressive solution. Experimental
measurements, including linear polarization (LPR), electrochemical impedance spectroscopy (EIS), and semi-logarithmic current
potential curves by Tafel extrapolation method, were employed to validate the corrosion inhibition effects of the plant leaf extract
at varying concentrations. Notably, oleaster leaf extract demonstrated a corrosion protection of over 90% for 0.018% w/v
concentration on the mild steel, attributed to its abundance in secondary metabolites such as polyphenols and flavonoids. The
atomic force microscopy (AFM) surface maps provide robust evidence for the electrochemical measurement data.

Keywords: Elaeagnus angustifolia, Environmentally-friendly inhibitor, Acidic corrosion, AFM.

1. Introduction

Corrosion is an inherent and independent process wherein
pure metals and their alloys undergo transformation into
various stable forms, such as sulfides, oxides, hydroxides,
and more. This occurs through chemical and/or
electrochemical  reactions  with the  surrounding
environments (Singh et al.,, 2016a; Verma et al., 2018).
Corrosion poses a detrimental threat to the assets of various
traffic and railway bridges, buildings, industries as well as
households. Due to its correlation with significant economic
and safety losses, corrosion stands as a critical issue that
demands attention from scientists and engineers engaged in
the field of corrosion discipline and engineering worldwide
(Haque et al., 2017). Numerous corrosion prevention
methods have been developed, among which the use of
green corrosion inhibitors has gained popularity as one of
the most accessible and economical approaches. This is
attributed to their ease of access and application, as well as
their high effectiveness even at relatively low
concentrations (Singh et al., 2016b; Ramezanzadeh et al.,
2015).

Indeed, the use of conventional corrosion inhibitors is
currently constrained as a result of the growing emphasis on
“green chemistry” in the realms of engineering, technology,

© EJBCS. All rights reserved.

and science. “Green chemistry” is indeed a discipline of
scientific and technological exploration that operates on a
series of principles with the primary goal of minimizing the
release of environmentally harmful substances into the
surroundings. This approach entails both the design and
application of chemicals that are ecofriendly
(Mohammadinejad et al., 2016). The consideration given to
the development of green corrosion inhibitors has also
extended to the utilization of various plant extracts,
pharmaceuticals, and ionic liquids. Plants exhibit a
distinctive ability to transform solar energy into life-
sustaining organic compounds like carbohydrates through
the procedure of photosynthesis (Alibakhshi et al., 2018; El-
Hajjaji et al., 2018). They also serve as a natural source for
numerous raw materials, including fruits, wood, vegetables,
oils, dyes, and resins, which have various commercial
applications in our everyday lives.

Elaeagnus angustifolia L., the effect of which was
investigated in this study, is a deciduous shrub or small tree
with a rich botanical history, habitually referred to as
Russian olive, Persian olive or Wild olive. With distinctive
silvery-green foliage and small fragrant flowers, Elaeagnus
angustifolia has not only captivated the attention of
botanists but also played a significant role in various
cultural and ecological contexts (Zhang et al., 2023).
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Elaeagnus angustifolia, a member of the Elaeagnaceae
family, stands out for its remarkable adaptability, thriving
across a diverse array of environmental conditions. As the
adverse effects of traditional corrosion inhibitors become
more apparent, there is a growing emphasis on sustainable
alternatives, particularly those aligned with the principles of
“green chemistry”. In this context, natural plant extracts
have emerged as promising candidates for corrosion
inhibition.

This study delves into the potential of Elaeagnus
angustifolia plant extract as a green corrosion inhibitor for
mild steel in acidic environment. Elaeagnus angustifolia,
also known as Oleaster, is a deciduous shrub renowned for
its adaptability and unique biochemical composition. The
investigation focuses on the inhibitory effects of the plant
extract on mild steel corrosion, exploring its efficiency,
mechanism, and viability as an eco-friendly alternative.
This research is notable as there is no previous study in the
literature demonstrating the utilization of oleaster species'
leaf extract as an inhibitor to impede metallic corrosion.
This study also aims to provide a different perspective on
the developing capacity of this plant leaf extract as an acidic
environment green inhibitor for the first time.

2. Materials and Method

2.1. The aqueous extract solutions of Elaeagnus
angustifolia leaves

A quantity of approximately 15 g of dried Elaeagnus
angustifolia leaf (Figure 1) was placed into a 250 mL
reaction flask and subjected to reflux for 24 hours with the
addition of sufficient distilled water. Following the 24-hour
reflux process, the extract was filtered, resulting in an
approximate volume of 180 mL with an orange colour. The
concentration of the stock solution derived from Elaeagnus
angustifolia leaf was determined to be 0.380% (W/v).
Various other concentrations were prepared by dilution
from this stock solution.

Fig. 1 The photograph of dried Elaeagnus angustifolia leaves

After preparing the stock solution, the concentrations
employed for electrochemical experiments were varied,
ranging from the highest concentration to the lowest at
0.18%, 0.09%, 0.05%, and 0.02% (w/v), respectively.
Figure 2 illustrates a schematic reflux procedure of
Elaeagnus angustifolia leaf to enhance the clarity of the
study. Conducting experiments in a 1.0 M HCI
(hydrochloric acid) solution, known for its aggressive
nature, enables the examination of electrochemical
behaviour.
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Fig. 2 Schematic of FElaeagnus angustifolia leaf extraction
procedure

2.2. Preparation of materials

The chemical composition of mild steel, whose corrosion
behaviour was studied as a working electrode, is presented
in Table 1. These electrodes were introduced into a
cylindrical mould that contained polyester, the mild steel
surface area in communication with the electrolyte solution
was 0.5024 cm?. Before being put into use, the test
electrodes underwent polishing using sandpaper with grits
of 150, 600, and 1000. Afterward, the electrode surfaces
were meticulously cleansed with distilled water and
acetone. A three-electrode system was used in experiment
measurements. The initial electrode employed was the mild
steel as working electrode. The second electrode,
functioning as the counter electrode, was composed of a
platinum plate with a surface area of 2.0 cm?. The final
electrode employed was Ag/AgCl (3.0 M KCl), utilized as
the reference electrode. All potentials documented in this
investigation are calibrated with respect to this electrode.

Table 1 The chemical composition of the mild steel electrodes

Element % Element % Element %
©) 0.08400 (Si) 0.10200 (Mn) 0.40900
(P) 0.01100 ) 0.01900 (Cr) 0.06030

(Mo) 0.01040 (Ni) 0.07890 (AD) Trace
(Co) 0.00198 (Cu) 0.21700 (Nb) 0.00222
(Ti) Trace V) 0.01100 W) Trace
(Pb) Trace (Sn) 0.01620 (Sb) Trace
(Fe) Remain

EIS, LPR and Tafel extrapolation experiments were used to
try-out the anti-corrosion property of E. angustifolia leaf
extract for mild steel in HCI environment via the CHI660B
electrochemical workstation. Throughout the open circuit
potential (E,,=Ecor), the mild steel electrodes were soaked
in the testing solution for 1h at 298 K until the iron surface
extends a temporary stable state. When conducting EIS
measurement, the starting potential was a balanced E,,
value, and the method frequency limit was from 100000 Hz
to 0.005 Hz with 5.0 mV amplitude signal. The LPR limit
of the polarization curve is E,¢ -0.010 V to E,, +0.010 V
and the potentiodynamic polarization by Tafel extrapolation
method were documented at cathodic potential of -0.350 V
and anodic potential of +0.350 V with reference to Ecop,
respectively. This procedure was executed at a scanning rate
of 1.0 mV s™'. Surface survey was seized over the course of
1h in an electrolyte HCI solution, both with and without E.
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angustifolia leaf extract, utilizing the AFM technique
(Veeco Multimode 8 Nanoscope 3D model).

3. Results and Discussion
3.1. EIS, LPR and Potentiodynamic polarization findings

EIS measurement is appropriate for quickly, accurately, and
efficiently gathering data on metal corrosion rates. It can be
efficiently employed to evaluate the inhibitor under
investigation’s anti-corrosion characteristics (Tan et al.,
2021). As EIS is conducted using alternating current, it is
recognized for its non-damaging effect on the metal surface.
The inhibitory effect of E. angustifolia leaf extract on the
iron surface, characterized by a green inhibitory impact, was
examined using EIS, LPR, and potentiodynamic
polarization methods during a 1h immersion time at 298 K
across four (0.02%-0.18% w/v) concentrations. In this
process, two sets of electrical equivalent circuit models
were studied; Figure 3 for aggressive 1.0 M HCI and Figure
4 for the extract solutions. The equivalent circuits for the
corrosion and inhibition processes were derived from the
EIS data with the assistance of Zview?2 software.

In Figures 3 and 4, notable distinctions between the two
proposed circuits are apparent. Especially in solutions that
contain E. angustifolia leaf extract, a clear inhibitor film
develops on the mild steel surface, leading to a concurrent
rise in resistance. Figure 4 offers a more lucid
understanding, depicting that the introduction of E.
angustifolia leaf extract in different concentrations to the
acidic solution results in a decrease in mild steel electrode
corrosion. It is performed as the E. angustifolia leaf extract
adheres to the mild steel surface, forming a preventive film
layer that efficiently impedes corrosion. Furthermore, the
impedance diagrams in Figure 4 clearly illustrates the
augmented diameters of the capacitive loops in direct
correlation with the enhance in E. angustifolia leaf extract
concentration (Mert and Dogru Mert, 2023).

Rp = (Ret + Rg)

| Aggressive Solution |

e 10MHCI (1h)
— Fitted result

Z" (ohm cmz2)

30 40 50
Z' (ohm cm2)

60 70 80

Fig. 3 Electrical circuit recommended and impedance diagram in
aggressive solution for 1h
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The relevant experiment parameters are succinctly
presented in Table 2. The impedance plots exhibit two
distinct frequency regions: the high-frequency region
corresponds to the diffuse layer (Rs) and charge transfer
(Re) in the corrosion exposure process (Karazehir et al.,
2022). The low-frequency field is the locus of inhibition,
controlled by the film resistance (R;) that develops on the
mild steel surface, originating from the oleaster leaf extract.
Moreover, two constant phase elements (CPEs) are evident
in the process of oleaster leaf extract solution. The first
signifies the double-layer capacitance (CPEg), while the
second corresponds to the capacitance of the film layer on
the mild steel (CPEfim).

Upon scrutinizing the polarization resistance values
obtained from the EIS and “LPR measurements in Table 2,
it became apparent that the inhibition efficiency values (7%
and “5%) significantly rose with the incorporation of the
extract of E. angustifolia leaf into the aggressive solution.
The inhibition efficiencies calculated from the findings of
the EIS and LPR measurements ranged from 84.1% to
90.5% and 84.2% to 90.7%, respectively.

CPE,,

s yfilm
4 1
Rs \ | CPE (Gy)
—~AN— —
Reitm/ Rpore

Extract Solution

430
A 0.18% (w/v) (1h)
370 - e 0.09%
¥ 0.05%
_ 310 - 0.02%
NE 280 T Fitted results Oleaster leaf
; _L-"A e ‘_j‘”*i,‘
-190 Ao oo "k
3 WINSre, e,
5, -130 Yy, 4
-70
10 s
50 | I | I | | I
0 100 200 300 400 500 600 700 800
Z' (chmcm?)

Fig. 4 Electrical circuit recommended and impedance curves in
containing four concentrations of Elaeagnus angustifolia leaf
extract

The CPE value obtained by the EIS method was determined
as 110 pF/cm? for the aggressive solution. This value
gradually decreased with increasing extract concentration
and was obtained as 60 pF/cm? for the highest inhibitor
concentration. The higher CPE in the inhibitor-free solution
is explained by the higher number of diffused species in the
absence of the inhibitor (Mert, 2022). In addition, the E¢s
value of the aggressive medium was -0.474 V, and as
oleaster leaf extract was added to the medium, it took on
more negative potential values. The “n” value, which is
described as the surface roughness coefficient in Table 2,
also decreased as the inhibitor concentration increased. This
is one of the indicators that the E. angustifolia leaf extract,
whose inhibitory effect was examined, protects the mild
steel by forming a film on its surface.
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The *“potentiodynamic polarization method by Tafel
extrapolation, an alternative electrochemical technique, was
outlined to determine the dissolution parameters of the mild
steel, and the results are indicated in Table 2.

Figure 5 depicts the semi logarithmic current-potential
curves of the test electrodes immersed in an HCI solution at
298 K, featuring four different concentrations of E.
angustifolia leaf extract. It seems that as leaf extract is
added to the electrolyte aggressive solution, current density
values decrease and this decrease is more dominant in the
cathodic curves (Nazligiil et al., 2022). In this case, the
inhibitor can be described as functioning as a cathodic
inhibitor on the mild steel in the acidic environment (Akkog
et al., 2023). In Table 2, the corrosion current density value
(icorr) were 265 pA/cm? in acidic environment, but
decreased to 25 pA/cm? in the presence of highest

Eurasian J Bio Chem Sci, 7(1):20-25, 2024

concentration of oleaster leaf extract, and the inhibition at
this concentration was 90.6%.

There was no discernible difference between the solution
with and without the inhibitor when assessing the cathodic
Tafel constant (-f.) values in Table 2. In this case, it was
concluded that the hydrogen evolution mechanism was not
affected by the oleaster leaf extract (Ozkir, 2019). The
results obtained by all three experimental methods were
complementary and highly compatible with each other, and
it was concluded that the adsorption of E. angustifolia leaf
extract on the iron surface protected it by forming a film as
a result of high inhibition. Moreover, since this extract does
not have any toxic environmental effects, it is inevitable to
be considered as a green inhibitor. EIS measurements were
proved Tafel analysis.

Table 2 EIS, LPR and potentiodynamic polarization parameters from the experiments in solutions without and with E. angustifolia leaf

extract
C (% wiv) EIS
Elaeagnus CPE R L
angustifolia Ecan B . 4 (2ecm?) (H) (2cm?) i
leaf extract (FrAg/AgCD (2em’) (uF cm™) n (%)
Blank -0.474 12 110 094 8 4 72 -
0.02 -0.527 12 100 0.72 - - 452 54.1
0.05 -0.530 12 90 0.71 - - 525 86.3
0.09 -0.530 13 82 0.71 - - 580 87.6
0.1%8 -0.536 12 60 0.70 - - 755 90.5
Elaeagnus ‘LPR
angustifolia °E, 'R, i
leaf extract (FIAg/AgCD (Qcm?) (%)
Blank 0475 71 -
0.02 -0.532 448 84.2
0.05 -0.533 520 86.3
0.09 -0.530 575 87.7
0.18 -0.538 760 00.7
Elaeagnus “Potentiodynamic polarization
angustifolia “E, R [ =
leaf extract (VIAg/AZCD (¥ dec?) (14 cm™) (%)
Blank -0.475 108 265 -
0.02 -0 536 102 43 83.8
0.05 -0.536 99 37 86.0
0.09 -0.533 105 34 87.2
0.18 -0.542 104 25 00.6
0 L L L L L L L L L L L L | L ' L L | L L L L | '
] Elaeagnus angustifolia -
-1.0 1 leaf extract o
20 1 =
o, -3.0 -
g ] r
(5] i L
< 40 -
"o 1 1.0 M HCI (Blank) F
< 50 ] = 0.02% (W/V) % "o h C
0.05% ‘o r
6.0 ] a 0.09% . C
] e 0.18% g
-7.0 +— T T T T T L T T T T T T —F
-0.90 -0.80 -0.70 -0.60 -0.50 -0.40 -0.30 -0.20 -0.10
E/Vvs Ag/AgCl

Fig. 5 Electrical circuit recommended and impedance diagram in aggressive solution for 1h
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3.2. AFM analaysis leaf extract on mild steel. Figures 6 and 7 display three-
dimensional images of the treated blank solution and 0.18%
The detailed analysis with AFM further reinforced (W/v) extract solution for 1 hour.

understanding of the surface mechanism of E. angustifolia

Fig. 7 AFM images of the mild steel with 0.18% (w/v) E. angustifolia leaf extract in HCI solution for 1 h exposure
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Average surface roughness parameter (R,) value for blank
solution was determined as 197.66 nm. When the highest
concentration of oleaster leaf extract was added to the
solution, this value became 48.683 nm. The significant
decrease in the average surface roughness value is further
evidence that the green inhibitor used reduces the roughness
of the metal in the acidic environment and that the inhibitor
protects the surface of the mild steel. The results of the AFM
analysis and electrochemical experimental measurements
are quite consistent.

4. Conclusion

This paper is of great importance as it is the first application
of the effect of aqueous Elaeagnus angustifolia leaf extract,
from the Elaeagnaceae family, as a green and
environmentally friendly inhibitor on the corrosion
behavior of iron electrode in hydrochloric acid solution. The
findings obtained with the three different methods applied
were quite compatible with the surface analysis results.

The preservation of mild steel corrosion in 1 M HCI by the
extract of Elaeagnus angustifolia leaves, acting as a green
inhibitor, underscores the protective role of secondary
metabolites present within the plant. The observed
corrosion inhibition can be attributed to the rich
composition of bioactive compounds inherent to oleaster
leaves. These secondary metabolites, such as polyphenols,
flavonoids, and tannins, are known for their anti-oxidative
features, forming a resilient protective layer on the steel
surface. The green inhibitor’s efficacy in hindering
corrosion emphasizes the potential of FElaeagnus
angustifolia leaf extract as a promising and eco-friendly
solution for corrosion mitigation in acidic environments.
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writing.
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Abstract: A microorganism resistant to high temperatures and producing alkaline proteases was isolated from soil samples from
a protein-rich region (Kirikkale/Yahgihan). This isolate, with high protein production, was identified as ORSK-4 by determining
its morphological and biochemical properties using the 16s rRNA molecular approach and the Amplified ribosomal DNA
restriction analysis (ARDRA) technique employed in strain differentiation. The optimum enzyme production conditions of the
strain ORSK-4 were found to be the enzyme media, 3 days of incubation, 27.0 °C, and pH 7.0. Different components were utilized
to determine the effect of changing the medium content on enzyme activity. Under the optimal production conditions determined
in this way, the enzyme activity of ORSK-4 was found to be higher than that of some ATCC reference Bacillus species. To purify
the extracellular protease of ORSK-4, precipitation with ammonium sulfate (30% and 80%), dialysis, and DEAE ion exchange
chromatography were performed. SDS-PAGE analysis determined the molecular weight of the purified enzyme as approximately
30 kDa. Although the enzyme showed activity at various pH ranges, it showed its maximum activity when increased up to pH 9.0.
In conclusion, the stability of the obtained alkaline protease enzyme under different conditions shows that it can be used in industrial
and environmental applications.

Keywords: Bacillus, enzyme characterization, molecular identification, protease, purification,
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1. Introduction Although most alkaliphilic microorganisms, which are
more preferred in protease production, produce alkaline
proteases, the interest is limited to the microorganisms that
produce large amounts of enzymes, and the
microorganisms used to obtain proteases are toxic and non-
pathogenic (Adrio and Demain 2014). These organisms
with optimal growth conditions are essential for increasing
enzyme production. The culture conditions that promote the
production of these proteases have been found to differ
significantly from those that promote cell growth (Mason
and Joyce 2011). Technical media containing high

Proteases (proteinases or peptidases) catalyze the
hydrolysis of peptide bonds. They represent one of the three
largest groups of industrial enzymes and account for
approximately 60% of the total enzyme sales worldwide
(Rao et al 1998). Proteases are widely used in detergents,
the leather industry, medical diagnostics, silver X-ray films,
and stickiness removal in silk, food, and feed industries.
Therefore, many companies have started producing
proteases commercially (Solanki et al. 2021).

The primary consideration when isolating enzymes on an
industrial scale for commercial purposes is to reduce the
cost of production concerning the value of the end product
(Adrio and Demain 2014). From this perspective, bacterial
proteases are one of the best options. Proteases, mostly
produced extracellularly and efficiently by bacteria, seem
more suitable for industrial applications because they are
thermostable and active in a wide pH range (Adrio and
Demain 2014).

concentrations (100-150 g dry weight/liter) of complex
carbohydrates, proteins, and other media components have
produced industrial alkaline proteases (Asha and
Palaniswamy 2018). The fermentation medium and
production conditions should be optimized to develop an
economically viable technology, and the yields of alkaline
proteases should be improved (Sharma et al. 2017).
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Alkaline proteases are indispensable enzymes hence
ubiquitous in nature. They are isolated from various
sources by surface plating on an alkaline medium and
subsequent screening for the desired characteristics
(Sharma et al. 2017).

From the very beginning, these enzymes have been
produced by using Bacillus species, starting with Bacillus
amyloliquefaciens and Bacillus licheniformis (Zhang et al.
2022). Each organism or strain has specific conditions for
maximum enzyme production (Sharma et al. 2017).
Therefore, various aspects must be optimized for the strain
to reach its maximum enzyme production capacity. In
addition, identifying the strain is important for optimizing
the production conditions. In this respect, a simple, fast and
cost-effective microbial method is preferred for strain
identification (for example, ARDRA).

This study isolated and identified microorganisms by
taking samples from alkaline, protein-rich soil
(Kirikkale/Yahsihan). It aims to extract and purify the
protease enzyme obtained by determining the optimum
culture and enzyme production conditions for the
microorganisms.

2. Materials and Method

Study area: Collected from the Yahsihan district of the
province of Kirtkkale, microorganisms used in this study
were isolated from alkaline, protein-rich soil (39°52'36.6" N
and 33°26'25.5'E). Two soil samples were collected in
total, one from the soil surface and one from the soil surface
at a depth of 2 cm. Studies on the protease enzyme
produced by the isolated microorganism were carried out
after it was determined to be the best-suited protease-
producing microorganism from the soil sample. The
circumstances under which the acquired protease enzyme
had the highest suitable activity were identified. Thus, the
purified enzyme's applicability to the industry was
evaluated.

2.1. Isolation, identification of isolates and biochemical
tests

A location with a high concentration of proteins was
identified to help identify the protease-producing
bacterium, and soil samples from this stratum were
collected and placed in sterile tubes. 1 g of dirt was serially
diluted with 0.9% sterile saline. Singh et al. medium was
modified to create the dilutions, and 0.1 ml of the material
was added to this media by using the smear technique
(Singh et al. 2001). The best isolates with various colony
architectures and forming the biggest zone in proteolytic
activity on skim-milk agar were chosen, purified, and
stored at +4 °C for later use in Petri dishes left to incubate
for 24 hours at 37°C. The macromorphological (gram
staining, spore staining) and biochemical (IMVeC, starch
hydrolysis, gelatin hydrolysis, catalase test) characteristics
of the strain were determined.
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2.2. Molecular identification of isolated microorganisms
by 16S rRNA analysis and distinguishing microorganisms
from one another with the ARDRA method

The strain was then identified by using molecular
techniques (DNA isolation, 16S rRNA analysis, PCR,
sequence analysis, ARDRA). Genomic DNA isolation of
microorganisms was carried out by modifying the method
of Cutting and Horn (Bron et al. 1990). After determining
the nucleoid sequence of the 16S rRNA gene, it was
amplified by Polymer Chain Reaction (PCR) with universal
primers
27F(5’CCGAATTCGTCGACAACAGAGTTTGATCCT
GGCTCAG-3”) and 1492 R
(5’CCCGGGATCCAAGCTTACGGCTACCTTGTTACG
ACTT-3"). Since PCR can be affected by many factors, the
PCR products used to extract the nucleotide sequencing of
16S rRNA gene must be optimally synthesized. 5 different
concentrations of MgCl, between 1 mM-2.33 mM and
coupling temperatures between 50-55 °C were tested for
PCR optimization. Sequence analysis of 16S rRNA gene
amplified by PCR was carried out by MedSanTek company
contracted under a service procurement. The obtained
sequencing results were matched with the data on the 16S
rRNA database of the National Center for Biotechnology
Information (NCBI). The Molecular Evolutionary Genetics
Analysis 7 (MEGAT) program was used to determine the
kinship relations with the results obtained. First, the data on
the database and the nucleotide sequences of our samples
were synchronized, the distance matrix was drawn by
providing statistical reliability with these data, and the
degree of closeness was determined by the neighbor-
joining method. Although 16S rRNA analysis successfully
determines the genera of microorganisms, differentiation at
the species level is very difficult, especially for the genus
Bacillus. ARDRA, a cutting method of 16S rRNA gene
with restriction enzymes, was utilized to recognize the
genus Bacillus, which is found very similar to the other
microorganisms in 16S sequence analysis, and the
differences between microorganisms were investigated.
Three restriction enzymes (Haelll (BsuRl), Tagl, and Alul)
were used in ARDRA (Kurabachew et al. 2003).

2.3. Protease production medium and culture conditions
of the isolate

A nutrient broth (N.B) medium was used to determine the
optimum growth temperature and pH of the isolated isolate
strain. The medium pH was adjusted to 5.0, 7.0, 9.0, and
12.0, and sowing was carried out. The cultured media were
incubated at 17 °C, 27 °C, 37 °C, and 50 °C and the growth
was checked on the first three days. After incubation, the
growth density of the microorganism was measured in a
microplate reader (Biotek, PowerWave XS2) set to 600 nm.
For protease production, Gessesse et al. (1997) suggested
that organic (peptone, yeast extract, casein, meat extract,
gelatin, skim milk, urea, tryptone, soy flour) and inorganic
components (NaCl, MgSQO,, CaCl;, and K3;HPOy,,
((NH4)2S0O4), CoH7NO2, NaNOs;, Ca (NOaz),) and their
effects on enzyme activity were determined by changing
their amounts (negative, 2.5-fold)
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(Gessesse and Gashe 1997). Accordingly, the optimum
growth media for the protease activity of the isolate was
determined.

2.4. Enzyme production

At each step of the enzyme purification process, the protein
concentration was measured by a modified Bradford
method. The measurement of the protease activity was
determined by modifying the method employed by Takami
(Takami et al. 1989). This method used the supernatant part
of the samples, whose incubation was completed in the
appropriate medium, as the enzyme source. Through three
repetitions, 0.5 mL of 50 mM Glycine-NaOH buffer
containing 0.6% casein (pH 9.0) as a substrate were taken
into 1.5 mL centrifuge tubes, and 0.1 mL of the previously
prepared medium supernatant (enzyme source) was added.
It was incubated at 37 °C for 20 minutes. Then, 0.5 mL of
TCA solution was added, the tubes were turned upside
down to stop the reaction and kept at room temperature for
30 minutes. Then, the tubes were centrifuged at 12000 rpm
for 7 minutes to remove the excess substrate. After
centrifugation, three repetitions were completed in 96 well
plates; 25 pL of supernatant was taken, 125 uL of 0.5 M
Na,CO3 and 25 pL of 1 N Folin-ciocalteu’s phenol reagent
was added, and it was kept in the dark at room temperature
for 30 minutes. After 30 minutes, well plates were read in
a microplate reader set to 660 nm, and the results were
recorded by averaging the repetitions. Enzyme units
(U/mL) were then determined by the amount of tyrosine
released from the tyrosine standard curve (Kazan et al.
2005). The enzyme units (U/mL) were divided by the total
protein content of the sample to determine the specific
activity (mg/mL). While the specific activity was calculated
as enzyme activity per mg of protein and expressed as units
(U/mL), the sample activity was expressed as units (U/mL).

2.5. Determination of the molecular size of protease
enzyme by enzyme purification and SDS-PAGE

As to ammonium sulfate precipitating, 30% and 80%
ammonium sulfate precipitation was performed. 50 mM
(pH 7.0) phosphate buffer was added to the precipitated
sample and dissolved in the lowest volume. The pellets
dissolved in phosphate buffer with 80% precipitation were
added to the dialysis membranes, and dialysis was
performed against the same buffer for 12 hours at +4 °C. 5
mL of DEAE-Sepharose ion exchange column material
(DCL6B100 SIGMA) was taken, and 50 mL of 50 mM (pH
7.0) phosphate buffer was added to it. The column material
was mixed thoroughly and became ready for use. The
sample from the dialysis was loaded on the column, and by
changing the salt density (10, 100 mM, 1 M), a 1.5 mL
(approximately 32) fraction was obtained at a flow rate of
1 mL/min. SDS-PAGE electrophoresis was performed to
determine the molecular size of the purified protease
enzyme.
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2.6. Enzyme characterization

2.6.1. Determination of the optimum operating
temperature and the pH value of the enzyme

The effects of temperature (17-80 °C) and pH (7.0-12.0) on
enzyme activity were analyzed at varying intervals.

2.6.2. Effects of metal ions, surfactants, inhibitors,
detergents, organic solvents, oxidants, and different
substrates on enzyme activity

Enzyme activity was measured by incubating all reaction
mixtures in 50 mM Glycine-NaOH buffer having a pH of 9
and containing 0.1 mL enzyme source (media supernatant)
and 0.5 mL 0.6% casein, for 20 min at 37 °C. +1 valent
(LiCl, NaCl, KCI), +2 valent (Co(NOs)2, ZnSOs,
Fe(NH42(SO4)2, Sr(NOs),, MnSOs Pb(NO3) at the
concentrations of 2 mM and 10 mM, NiSOsa, SrCl,, CuCl,,
MgSO., ZnNOs, CaClz, MgCl,) and +3 valence (Cr(NOg)s,
AICl3, FeCls) metal salts were used. Serine protease
inhibitor PMSF, Metalloprotease inhibitor EDTA, CuSOs,
and DPPH with final concentrations of 2 mM and 10 mM
were used. 10% (v/v) and 25% (v/v) volumes of toluene,
heptane, methanol, acetone, DMSO, ethanol, 2-propanol,
hexane, acetonitrile, and benzene were used. 1% (v/v) and
5% (v/v) volumes of tween-80, Triton X-100, SDS and
H>O, were used. Gelatin, bovine serum albumin (BSA),
ovalbumin, and soy flour were used as substrates.

2.7. Statistical analysis

All experiments were repeated three times. The results were
expressed by adding standard deviation (SD) error bars on
the graph. Differences between tested groups were
determined by the Tukey test at p<0.05 after a one-way
analysis of variance (ANOVA). Analyzes were performed
using the R v.4.0.3 program.

3. Results

3.1. Isolation, prescreening of strains and biochemical
properties

One of the six isolates (ORSK-4) that formed the largest
zone in proteolytic activity in the preliminary screening was
selected to be used in subsequent studies.

The microbiological and biochemical properties of the
isolate are given in Table 1. Various biochemical tests are
vital for the types of bacteria to be identified and
characterized. For this purpose, biochemical properties of
isolate ORSK-4 were found as (gram (+), spore (+), gelatin
hydrolysis (+), catalase (+), starch hydrolysis (-), indol (-),
methyl red (-), Voges-Proskauer (+), citrate (-)).

Table 1. Biochemical test results of the isolated microorganism

Gram Spore Gelatin Starch Catalase
hyd. hyd.
+ + + - +
ORSK-4 et MR VP, S. test
test test
- - + -

(+) indicates positive result and (-) denotes negative result.
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Fig. 1. Growth density of isolate ORSK-4 under different growing conditions. Different letters (a, b, ¢) on the graph indicate the significant
differences for different pH values at the same temperature (p < 0.05).

3.2. Determination of isolate's
temperature and pH value

The optimum growth medium of isolate ORSK-4 was
found to be 37 °C and pH 7.0. Growth densities of isolate
ORSK-4 under different growth conditions are given in

Figure 1.

optimal growth

3.3. Molecular identification of isolated microorganisms
by 16S rRNA analysis and distinguishing microorganisms
from each other with the ARDRA method

The images of the isolated chromosomal DNAs carried out
in 1% agarose gel electrophoresis at 80 Volts for an hour
are shown in Figure 2.

IS

ORSK-2

ORSK-4

ORSK-5

ORSK-7

ORSK-9

ORSK-11

Fig. 2. Agarose gel electrophoresis of isolate ORSK-4

The optimum bonding temperature of isolate ORSK-4 was
determined to be 50 °C (b), and the optimal final MgCl,
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concentration at 50 °C was 1.67 mM (a). Optimization
results of the isolate’s binding temperature and final MgCl,
concentrations are given in Figure 3.

Fig. 3. Optimization results of the ORSK-4 binding
temperature and final MgCl, concentrations

The nucleotide sequences of 14 different microorganism
species obtained from NCBI 16S rRNA database together
with the 16S rRNA sequence analysis result of the isolate
ORSK-4 were aligned with each other in MEGA7 within
the content of this study. According to the alignment
results, the distance matrix was drawn by providing
statistical reliability (bootstrap analysis with 1000
repetitions) (Figure 4). Evolutionary closeness levels were
determined by drawing pedigrees with the neighbor-joining
method using the distance matrix results (Figure 5).
According to the aligned distance matrix results, the isolate
ORSK-4 was found to be the closest relative of Bacillus
cereus (accession number: NR_074540.1)

The 16S rRNA gene was PCR-amplified with primers 27F
and 1492 R. It was revealed in the previous studies that this
area includes approximately 1500 base pairs (Yu et al.
2012).
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INR_074540.1
Bacillus cereus

INR_114581.1
Bacillus 0.0418 0.0006
thiringiensis

INR._121761.1
Bacillus 00418 00006 0
fovonensis

INR_117414.1
Bacillus 0.0432 0.0018 0.0012 0.0012
m arcorestinctim

NR_113991.1
Bacillus 0.044 00036 0.0042 00042 0.0055
|psetdomycoides

INR_024697.1
Bacillus

w ei henstephanen
sis

0.0453 0.0036 0.003 0.003 0003 00073

INR_113990.1
Bacillus 0.0453 00036 0.003 0.003 0.003 0.0073 0
mveoides

INR_116644.1
Bacillus 0.0482 00073 00067 0.0067 0.0067 0.0061 00073 00073
gnemokersis

INR_125530.1
Bacillus 0.0531 00116 00122 0.0122 0.0135 00116 0.0153 00153 0.0166
m arili ponensi 5

INR_074914.1

Bacillus 0.0546 00129 00135 0.0135 0.0147 0.0104 00166 00166 0.0154 0.0135

cyviotoxicus

INR_133704.1

Bacillus 0.066 00238 0.0244 00244 00245 0.0238 0.0264 0.0264 00265 0.027 0.027
tianshenii

INR_041942.1

Bacillus 0.0674 0.0251 00257 0.0257 0.027 0.0225 0.029 0.029 0.0243 00303 00219 0.0324
acidicola

INR_025373.1
Bacillus 0.068 00257 0.0263 00263 00276 00231 0029 00296 00249 0.030% 00218 00338 0.0042
shacidetonii

INR_118437.1
Bacillus 0.0683 00258 00264 0.0264 0.0277 0.0231 0.0297 00297 0.025 0.0323  0.027 0.0278 0.0141 0016
m ari sflavi

Fig 4. Distance matrix of ORSK-4 isolate
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ARDRA is a commonly used method for the classification
of the species (Panigrahi et al. 2019). This method was
utilized to determine ORSK-4’s similarities with and
differences from B.cereus ATCC 10876 and B. subtilis
ATCC 6633. 16S rRNA gene region of isolate ORSK-4

Eurasian J Bio Chem Sci, 7(1):26-40, 2024

generated 3 bands (680, 240, and 180 base pairs) after cut
by Alu I restriction enzyme, 4 bands (590, 480, 310, and
120 base pairs) after cut by Hae Il restriction enzyme, and
3 bands (800, 560 and 140 base pairs) after cut by Taq |
restriction enzyme (Figure 6a).

NR_025373.1 Bacillus shackletonii
_|:NR_041942.1 Bacillus acidicola
NR_118437.1 Bacillus marisflavi
NR_133704.1 Bacillus tianshenii
NR_074914.1 Bacillus cytotoxicus
NR_125530.1 Bacillus manliponensis
NR_113991.1 Bacillus pseudomycoides
NR_116644.1 Bacillus gaemokensis
NR_117414.1 Bacillus marcorestinctum

NR_024697.1 Bacillus weihenstephanensis
_ENR_113990.1 Bacillus mycoides
—= NR_114581.1 Bacillus thuringiensis
L NR_121761.1 Bacillus toyonensis
NR_074540.1 Bacillus cereus

ORSK-4
Fig. 5. Distance matrix results used to determine the pedigree of the isolate ORSK-4
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Fig. 6. a: ARDRA profile of ORSK-4 isolate cut by Alu I, Hae I1l and Taq | enzymes, b: ARDRA profile of B. cereus ATCC
10876 strain cut byAlu I, Hae 11l and Taq | enzymes cut, c: ARDRA profile of B. cereus ATCC 6633 strain cut by Alu I,
Hae Il1 and Taq | enzymes cut, d: ARDRA Profile of Alu I cleavage enzyme in reference strains and all isolates, e: ARDRA
Profile of Hae Il cleavage enzyme in reference strains and all isolates, f: ARDRA Profile of Taq | cleavage enzyme in
reference strains and all isolates
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16S rRNA gene region of B. cereus ATCC 10876 generated
3 bands (680, 240, and 180 base pairs) after cut by Alu I
restriction enzyme, 4 bands (590, 480, 310, and 120 base
pairs) after cut by Hae IlI restriction enzyme, and 3 bands
(800, 560 and 140 base pairs) after cut by Taq | restriction
enzyme (Figure 6b). 16S rRNA gene region of B. subtilis
ATCC 6633 generated 3 bands (680, 240, and 180 base
pairs) after cut by Alu | restriction enzyme, 4 bands (590,
480, 310, and 120 base pairs) after cut by Hae I11 restriction
enzyme, and 3 bands (800, 560 and 140 base pairs) after cut
by Taq I restriction enzyme (Figure 6c).

As a result of the cleavage of 16S rRNA gene regions of
reference strains and isolate with Alu I restriction enzyme,
isolate ORSK-4 showed the same cut profile as reference
strains (Figure 6d). As a result of the cleavage of 16S rRNA
gene regions of reference strains and isolate with Hae Il
restriction enzyme, that the isolate ORSK-4 showed the
same cut profile as reference strains (Figure 6e). As a result
of the cleavage of 16S rRNA gene regions of reference
strains and the isolate (with Taq | restriction enzyme),
ORSK-4 showed the same cut profile as reference strains
(Figure 6f).

Eurasian J Bio Chem Sci, 7(1):26-40, 2024

3.4. Optimum enzyme production conditions for strain
ORSK-4

Different conditions were tested for the optimum protease
activity of isolate ORSK-4 (Figure 7). Optimum protease
enzyme activities of the isolate ORSK-4 on enzyme
medium and N.B medium were measured, and the highest
enzyme activity was found to be the enzyme medium at 27
°C and pH 7.0, and after 3 days of incubation.

It was seen that the partially purified protease enzyme
obtained from ORSK-4 complies with the conditions
characterized above. The effect of organic enzyme medium
content changes on ORSK-4 protease enzyme activity is
given in Figure 8A. As a result of the modification of
organic compounds, the compound increasing the protease
enzyme activity the most was the amount of peptone
increased five times when compared to the control. The
absence of the casein on the medium significantly reduced
the protease enzyme activity. The effect of inorganic
enzyme medium content changes on ORSK-4 protease
enzyme activity is given in Figure 8B. As a result of the
replacement of inorganic compounds, the compound
increasing the protease enzyme activity the most was found
to be the amount of K;HPO., which was increased by
25.81% when compared to the control. The absence of
CaCl; in the medium reduces protease activity by 39.78%
compared to the control.
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Fig. 7. Optimal protease activity of isolate ORSK-4 under different conditions. While different lower-case letters (a, b) on
the graph show significant differences between different incubation times at the same temperatures, same pH (p < 0.05) and
same medium, capital letters (A, B) indicate significant differences between different incubation times, same temperature

and pH (p < 0.05) on different media.

32



K. Isik et al. Eurasian J Bio Chem Sci, 7(1):26-40, 2024

Types of carbon and nitrogen sources affect the production the control when different inorganic nitrogen sources were
of extracellular enzymes (Reddy and Kanwal 2022). The added, a 12.50% increase in protease activity was observed
effect of the medium using only nitrogen source as an with the addition of 0.1 g/L sodium nitrate.

organic compound on ORSK-4 protease enzyme activity is The effect of different carbon sources on ORSK-4 protease
given in Figure 9A. The use of 12 g/L casein in the medium enzyme activity is given in Figure 10. The effects of carbon
prepared as the sole nitrogen source increased the protease sources on enzyme activity were investigated by using

enzyme activity by 71.91% when compared to the control. equal amounts of maltose, fructose, sucrose and starch
When only 5 g/L of urea was present in the medium, the instead of carbon sources on the medium. Adding glucose
protease enzyme activity decreased by 89.89% when and fructose to the medium significantly decreased ORSK-
compared to the control group. 4 protease enzyme activity while adding starch, lactose,

The effect of different inorganic nitrogen sources on sucrose, and galactose to the medium increased the protease
ORSK-4 protease enzyme activity is given in Figure 9B. enzyme activity of isolate ORSK-4.
Although there were no significant changes compared to
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Fig. 8. A: Effect of content change in organic enzyme medium on the protease enzyme production of ORSK-4. Different
letters (a, b, ¢) on the graph indicate significant differences between the control and the different organic compounds on the
medium (p<0.05), B: Effect of inorganic enzyme medium content changes on the protease enzyme activity of ORSK-4.
Different letters (a, b, c) on the graph indicate significant differences between the control and the different inorganic
compounds on the medium (p<0.05).
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Fig. 9. A: The effect of the medium using only nitrogen source as organic compound on the protease enzyme activity of
ORSK-4. Different letters (a, b, ¢) on the graph indicate significant differences between the control and the different nitrogen
sources on the medium (p<0.05), B: Effect of different inorganic nitrogen sources on the protease enzyme activity of ORSK-
4. Different letters (a, b) on the graph indicate significant differences between the control and the different inorganic nitrogen
sources on the medium (p<0.05).
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ORSK-4 protease enzyme activity on the optimized
modified and meat-casein medium is given in Figure 10.
The protease enzyme activity was measured approximately
three folds higher in the optimized modified medium than
in the normal enzyme medium (Figure 11A). The protease
enzyme activity of ORSK-4 was measured approximately
two folds higher in the meat-casein medium compared to
the normal medium (Figure 11B).

Eurasian J Bio Chem Sci, 7(1):26-40, 2024

3.5. Comparison of protease activity of some Bacillus
genus microorganisms and isolated ORSK-4

A comparison of the protease activity of ORSK-4 isolated
with Bacillus cereus ATCC 10876 (Figure 12A) and
Bacillus subtilis ATCC 6633 (Figure 12B) strains is given
in Figure 11. The enzyme activity of isolate ORSK-4
showed higher activity than the compared ATCC strains.
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Fig. 10. Effect of different carbon sources on the protease enzyme activity of ORSK-4. Different letters (a, b, ¢) on the
graph indicate significant differences between the control and the different carbon sources on the medium (p<0.05).
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Fig. 11. ORSK-4 protease enzyme activity in optimized modified meat-casein medium. Different letters (a, b) on the graph
indicate significant differences between enzyme medium and optimized modified media (p<0.05).
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Fig. 12. A: Comparison of protease activity of strain ORSK-4 with B. cereus ATCC 10876. Different letters (a, b) in the
graph indicate significant differences between ORSK-4 and B.
activities (p<0.05), B: Comparison of protease activity of strain ORSK-4 with B. subtilis ATCC 6633.
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Fig. 13. A: Determination of the optimum working temperature of the protease enzyme, B: Determination of the optimum

working pH of the protease enzyme.

3.6. Stability of protease enzyme obtained from isolated
ORSK-4

The determination of the optimum operating temperature of
the enzyme is given in Figure 13A. It was observed that the
protease enzyme obtained from the isolated ORSK-4
increased until reaching 60 °C but decreased at 70 °C and
80 °C. While the ability to isolate ORSK-4 to produce
protease was evaluated between 17 °C and 80 °C, and
maximum enzyme production was observed at 60 °C, a
decline in the production of enzyme was detected at
temperatures above 60 °C, which is also an indicator for
ORSK-4 isolate’s heat-proof nature.

The determination of the optimum working pH of the
enzyme is shown in Figure 13B. It was observed that the
activity of protease enzyme obtained from isolated ORSK-
4 increased up to pH 9.0 and then gradually decreased until
reaching pH 12.0. This pH value demonstrates that the
obtained enzyme is alkaliphilic.
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It is known that pH and temperature are of great importance
during the process of enzyme production by
microorganisms. The optimum pH value for protease
enzyme production was reported as 10.0 in a similar study.
When the pH value was increased, a decrease in enzyme
activity was observed (Verma and Pandey 2019). The effect
of +1 and +3 valence metal ions on the enzyme activity is
given in Figure 14A. 2 mM LiCl increased the protease
activity by 33.79% compared to the control, while 10 mM
AIClI; decreased the activity by 35.13%. It was observed
that Mn(SQOa4)2, one of the bivalent metal ions, increased the
enzyme activity by 64.37% compared to the control, while
Fe(NQO3), metal ions inhibited the activity by 81.61%. In
one of their studies, Ullah et al. (2022) evaluated the
enzyme activities based on the control group after the
incubation with metal ions and found that Mg*? and Ca*?
ions had a considerable stimulating effect on protease
activities (Ullah et al. 2022). The effect of bivalence metal
ions on the enzyme activity is given in Figure 14B.
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The effect of inhibitors on enzyme activity is given in hydrogen peroxide increased the protease enzyme activity
Figure 15A. In the presence of 10 mM EDTA, the enzyme's by 250%, 1% and 5% of Triton-X100 inhibited protease
activity loss of up to 72.28% indicates that the protease is a enzyme by 100%.

metalloprotease. However, an inhibition rate of 33.66% in 3.7. Partial purification of the protease enzyme obtained
the presence of PMSF also indicates the presence of serine from ORSK-4 and the protein amounts

protease. While isolate ORSK-4 secretes a large amount of Available protease produced by ORSK-4 was partially
metalloprotease out of the cell, it also synthesizes serine purified with a combination of several steps (ammonium
protease. sulfate precipitation, dialysis, DEAE). Enzyme activities
The effects of surfactants, detergents and oxidants on and protein amounts before and after ammonium sulfate
enzyme activity are given in Figure 16A. When compared precipitation are given in Table 3.

to the control group, it was observed that while 1%
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Fig. 14. A: Effects of +1 and +3 valence metal ions on enzyme activity. Different letters (a, b, ¢) on the graph indicate
significant differences between the control and the medium containing +1 and +3 charged metal ions on the media (p<0.05),
B: Effects of +2 valence metal ions on protease enzyme. Different letters (a, b, ¢) on the graph indicate significant differences
between the control and the media containing +2 charged metal ions on the medium (p<0.05).
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Fig. 15. A: Effects of inhibitors on protease enzyme activity. Different letters (a, b, ¢) on the graph indicate significant
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Table 3. Summary of the purification step for the
proteolytic enzyme from B. cereus ORSK-4

MARKE

kDa

Purification T.P. T.A. SA. Recovery Purification
steps (mg) (V)  (U/mg) (%)

ecxrt“r‘;it 288 3635 1261 100 1

30% ASP 179 2899 16.23 79.74 1.29

80% ASP  10.4 239.7 2314  65.93 1.83

Dialysis 422 180.1 4271 49.54 3.39
DEAEIEC 197 1253 6348 34.48 5.03

ASP (Ammonium sulphate precipitation), IEC (lon exchange
chromatography), T.P. (Total protein), T.A. (Total activity), S.A.
(Specific activity)

The specific activity of the crude homogenate (12.61 U/mg)
increased up to 16.23 U/mg and 23.14 U/mg respectively
after 30% and 80% ammonium sulfate precipitation; up to
42.71 U/mg after dialysis; and up to 63.48 U /mg after ion
exchange chromatography. It resulted in a vyield of
approximately 34.48% and a purification fold of 5.03.
Verma et al. (2019) first applied 80% ammonium sulfate
precipitation and then DEAE ion exchange
chromatography for the partial purification of the protease
enzyme, and it was found that the enzyme recovery was
77% while the purification layer was 1.66. Furthermore,
enzyme purity increased by 1.75 times with 45% vyield as a
result of enzyme DEAE (Verma and Pandey 2019). After
chromatography, SDS-PAGE was performed in the 2nd and
24th fractions. A band was observed in the 2nd fraction and
the 24th fraction. The molecular weight of the protease in
the second fraction was determined to be 20 kDa, and the
protease in the 24th fraction was found to be 30 kDa. The
SDS-PAGE execution image is given in Figure 17.
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Fig. 17. SDS-PAGE execution

4. Discussion

Within the scope of this study, the protease-producing
microorganisms in the soil sample taken from a high-
protein region were purified, and the most suitable breeding
and protease enzyme production conditions for these
microorganisms were determined. Similar to the study
carried out by Agasthya et al. (2013), the bacteria isolated
from the soil and used in this study were grown on a skim-
milk medium, and protease producers were selected based
on their zone size and colony morphology differences
(Agasthya et al. 2013). Some studies found that most of the
bacteria isolated from the soil were Bacillus species (Liu et
al. 2021; Lopez et al. 2023; Luang-In et al. 2019; Syed et
al. 2007).
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The maximum activity of the protease enzyme that is
commercially significant was reported to be between pH 8-
11 intervals. It is also known that many major proteases
used in the detergent industry are between pH 7.0-11.0
interval (Hashmi et al. 2022). Therefore, the activity of the
ORSK-4 protease enzyme was screened to determine
whether it is suitable for both commerce and the detergent
industry, and it was found that it maintained the activity
within this pH interval. The fact that obtained protease
showed its optimum activity at 37°C means Bacillus cereus
is a mesophilic bacterial strain. On the other hand, a further
increase in the temperature resulting in a decline in protease
activity suggests that bacteria stopped producing enzyme
because of molecular degradation. In a similar study carried
out on the protease enzyme produced by Bacillus sp., It was
found that the optimum temperature for the production of
protease enzyme is 37°C (Abusham et al. 2009).

Because substances constituting the growth medium of the
bacteria play a key role in biosynthesis and energy
production, they are also of great importance for the
production of alkaline proteases (Abu-Khudir et al. 2019).
It was reported that culture conditions are likely to be a
determinant of extracellular protease production by
microorganisms. Thus, it became crucial to measure the
activity of proteases under different conditions (Suberu et
al. 2019). In the study conducted by Jadhav et al. (2020), it
was found that the optimum incubation temperature for
protease enzyme production of the genus Bacillus isolated
from the soil was 30°C (Jadhav et al. 2020). Another study
conducted by Varol et al. (2023) reported that the pH value
in which the bacteria produce the enzyme at the maximum
level was 7.0 and the optimum incubation period was 72
hours (Varol et al. 2023).

The pH of the culture medium plays a vital role in the
transportation of the components enabling cell growth and
product production through the membrane (Suberu et al.
2019). Proteases obtained from Bacillus sp. were
characterized by their molecular weight of 27-71 kDa,
optimum pH of 6-10, temperature of 37- 60 °C and stability
values in a wide pH and temperature range (Karray et al.
2021). It was seen that the partially purified protease
enzyme obtained from ORSK-4 complies with the
conditions characterized above.

In the study conducted by Karray et al. (2021), nitrogen
sources in the growth medium were changed to measure the
changes in the enzyme activity obtained from Bacillus
stearothermophilus, and the highest activity was observed
in the yeast extract (Karray et al. 2021). Similarly, in
another study carried out by Suberu et al. (2019), the effects
of nitrogen source change on the activity of protease
obtained from Bacillus were examined, and it was revealed
that the best source of nitrogen for cereus ABBA1 and B.
subtilis RD7 strains was beef extract that was followed by
peptone and yeast extract (Suberu et al. 2019).

In a study done by Verma et al. (2019), the effect of
different carbon sources such as galactose, lactose, maltose,
sucrose and starch on the enzyme activity was investigated,
instead of the original carbon source (Verma and Pandey
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2019). As a result, a maximum level of enzyme production
was found in lactose. Ahmetoglu et al. (2015) reported that
the use of lactose as a carbon source to produce protease
gave the best results (Ahmetoglu et al. 2015). In another
study carried out by Abu-Khudir et al. (2019), the effects of
different nitrogen sources on the production of protease
were tested on a medium containing yeast extract,
ammonium sulphate, peptone, ammonium chloride, beef
extract or urea, and the maximum level of enzyme
production was obtained by adding yeast extract (229.03
U/ml) when compared to the control (189.04 U/ml) (Abu-
Khudir et al. 2019).

Varol et al. (2023) examined the impacts of inhibitors on
protease activity and observed that PMSF (a serine protease
inhibitor) and EDTA (a metalloprotease inhibitor)
administrations brought about a strong inhibition (Varol et
al. 2023). Similarly, the relative activities of PMSF,
CuSO4, EDTA at different concentrations resulted in a
strong inhibition on the enzyme activity of 66%, 50% and
27% respectively, in our work. The effect of organic
solvents on enzyme activity is given in Figure 14B.
Heptane, hexane and benzene increased the activity of the
protease enzyme, while other solvents decreased the
activity of the protease enzyme. When compared to the
control group, it was seen that 25% benzene increased the
activity by 51,27%, while 25% toluene decreased it by
54.67%.

In one of their studies Hashmi et al. (2022) tried SDS,
Triton X-100 and Tween 80 detergents on the protease
enzyme obtained from B. subtilis S1 and B.
amyloliguefaciens KSM12 strains, and obtained the lowest
inhibition as % relative activity in SDS for B. subtilis S1
enzyme (50%) (Hashmi et al. 2022). As to this study, the
relative activity obtained because of 1% and 5% SDS
application was reported as 14% and 13% respectively. The
effect of different substrates on enzyme activity is given in
Figure 15B. While the highest protease enzyme activity
was observed in the buffer containing casein, no protease
activity was observed in the gelatin buffer.

Ullah et al. (2022) applied SDS-PAGE analysis to
determine the molecular weight of the protease enzyme
obtained from Bacillus cereus in their study, and reported
that they obtained an enzyme of 35 kDa (Ullah et al. 2022).
Besides, in another study performed by Hashmi et al.
(2022), the molecular weight of partially purified protease
enzyme (produced by B. subtilis and B. amyloliquefaciens)
was found to be 17 and 65 kDa respectively by SDS-PAGE
(Hashmi et al. 2022).

Optimizing protease production conditions requires a
thorough understanding of microbial physiology, enzyme
kinetics and fermentation processes. High yields of active
proteases for various industrial applications can be
achieved by carefully selecting microbial strains, designing
appropriate growth media, controlling pH and temperature,
optimizing oxygen transfer and adjusting fermentation
parameters. Continued research and innovation in
bioprocess engineering can enhance our ability to optimize
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protease production and meet the growing demand for
enzyme-based technologies.

5. Conclusion

In this study, the isolation of microorganisms producing
protease enzyme, selection of appropriate strain for enzyme
production, molecular identification of the strain, optimum
enzyme production conditions, factors affecting enzyme
production and enzyme stability, and enzyme molecular
weight were identified by SDS-PAGE. Microorganisms
isolated from alkaline protein-rich soil in the Yahsihan
district of Kirikkale province were used. The strain (ORSK-
4) was active and stable even in the presence of various
metal ions, inhibitors, surfactants, inhibitory agents, and
organic solvents. These features supported that it could be
a potential alternative in industrial applications.
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Abstract: Camelina sativa is an underutilized oilseed crop that can be grown under different climate conditions. As its
requirements for growth are relatively low with a short life cycle, it can be utilized in marginal lands for crop rotations. Camelina
shows great promise as a source of food, feed, chemicals, and biofuel. Enabling the genetic transformation of C. sativa would
facilitate the fast incorporation of new characteristics into this growing crop. Moreover, genetic and metabolic engineering can be
applied to decrease unwanted secondary metabolites as well as boost the beneficial products. Kanamycin is one of the most used
antibiotics in plant transformation. Here, the effects of kanamycin on the seeds of Camelina were analyzed by observing different
parameters such as germination, seedlings, shoot, and root growth as well as its fresh and dry weight. Prevalent effects of kanamycin
were shortening of root and shoot length, thinning of shoots, and discoloration. Also, true leaves could not grow in the presence of
the antibiotic. Based on these results using 100mg/L kanamycin as an additive to the growth media in tissue culture would allow
the selection of transformant plants and allow them to grow as transgenic plants for desired purposes.

Keywords: Camelina, genetic transformation, kanamycin, nptll gene

1. Introduction

Camelina sativa (Camelina) is an oilseed plant classified
under the Brassicaceae family that has attracted significant
appreciation in recent years (Murphy 2016).

It is an annual plant with a very short life cycle of 85-100
days with the height at maturity ranging from 60 to 110 cm.
It is predominantly a self-pollinating plant. The plant
produces little yellow flowers arranged in a raceme
formation, each consisting of four petals. Stems can be
either smooth or hairy and it possesses branches that
become woody as they mature. It has pear-shaped fruits
around 5 mm in diameter. C. sativa seeds are small,
weighing only 0.8 to 1.8 grams per 1000 seeds (Mondor and
Hernandez-Alvarezi 2022). Camelina is an optimal crop for
less fertile lands and regions with little rainfall, as it
demands very little inputs. It is a resilient plant that has
strong adaptability to many soil types and thrives in cold
semi-arid regions and also exhibits a high tolerance for arid
conditions (Rostami Ahmadvandi and Faghihi 2021;
Urbaniak et al. 2008). It has nutritious seeds that have a high
oil content ranging from 30% to 49% and a protein content
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ranging from 24% to 31% which is similar to soybean
(Mondor and Hernandez-Alvarezi 2022; Zubr 1997). Its oil
has a significant amount of healthy polyunsaturated fatty
acids (PUFAs), specifically linoleate (18:2) and linolenate
(18:3) (Bansal and Durrett 2016). The efforts in the
breeding programs of Camelina are focused on the
increment of production, improving the oil content and its
quality, and decreasing the glucosinolate (anti-nutritive)
composition of the seeds (Ghidoli et al. 2023).

The depletion of inexpensive fossil fuel reserves and
growing worries regarding climate change have heightened
the necessity to acquire fuel and chemical products from
renewable sources. Historically, Camelina has been utilized
for both human and animal consumption and various non-
food purposes, including the manufacturing of soap,
cosmetics, lamp oil, and non-toxic paints (Zubr 1997). It is
a superior crop for bio-diesel production due to its rapid
growth and great yield potential of 1500-3000 kg ha—1
year—1 (Sainger et al. 2017). C. sativa is an ancient crop
plant origin of which is assumed to be in the region between
Russia and Ukraine whereas its cultivation dates back to
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4000 BCE (Berti et al. 2016; Ghamkhar et al. 2010). It is a
hexaploid plant with 2n=40 chromosomes and a genome of
750 Mbp (Hutcheon et al. 2010).

Agrobacterium tumefaciens may efficiently introduce a
DNA segment of interest into C. sativa via floral dip
approach or in vitro leaf explant cultures, resulting in the
production of transgenic seeds within a very short
timeframe of 4-6 weeks. Transgenic seeds can be
distinguished using selectable markers such as the red
fluorescent protein (DsRed), mCherry fluorescent protein,
or antibiotic resistance (Sitther et al. 2018; Lu and Kang
2008). In this study, different doses of kanamycin were
applied in in vitro conditions to C. sativa seeds to elucidate
its effect on germination and growth. Kanamycin is one of
the most common antibiotic markers in plasmids used for
genetic transformation. Thus, adjusting its dose of use is a
prerequisite for generating transgenic Camelina plants
through in vitro method.

2. Materials and Method

To study the effect of kanamycin in germination and
growth, the Turkish cultivar Arslanbey of C. sativa was
used.

2.1. Sterilization and culture

Surface sterilization was accomplished by treating the seeds
with 70% commercial bleach (<5% w/v NaOCIl) for 10
minutes then washing the seeds three times for 10 minutes
with distilled sterile water. Ten seeds were placed on MS
(Murashige and Skoog 1962) medium with different
concentrations of kanamycin.

2.2. Preparation of media

To prepare MS medium, 0.44 % MS mineral salts, and
vitamins were supplemented with 3% sucrose and 0.65%
agar (Aasim et al. 2011). The pH of the solution was
adjusted to 5.6 with 1M NaOH and 1M HCI. Following
autoclave for 21 minutes at 121°C, the media was left to
cool down for the addition of the antibiotic and then poured
to plastic petri dishes for polymerization.

2.3. Antibiotic doses

Four doses of kanamycin MS25 (25 mg/L), MS50 (50
mg/L), MS75 (75 mg/L), and MS100 (100 mg/L) using
filter sterilized (MF-Millipore™ Membrane Filter, 0.22
pm) kanamycin stock solution (50 mg/mL), as well as one
MS medium without kanamycin (as negative control) was
prepared.

2.4. Experimental design and analysis

All experiments were conducted in triplicate. Cultures were
placed in the growth room under 16h day — 8h night
photoperiod at 24°C. Seeds, their germination, and growth
were monitored for 30 days, and the readings were recorded
at the end of the experiment. Germination and seedling rates
were also recorded. Shoot length, root length, and total
length were measured using a ruler (Fig. 1). Fresh and dry
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weight of each seedling was measured. For dry weight
measurement, seedlings were placed into an oven at 65°C
for 48 hours. One-way ANOVA analysis was performed
using the Tukey test using Minitab 20.4 software.

Fig. 1 Measurement of seedlings with a ruler
3. Results

The negative control, which is the MS medium without
kanamycin, was used to examine seedlings one month after
sowing in vitro (Fig. 2). There was considerable growth
where roots and shoots were intertwined. Plants were
healthy, with rooting system ready for acclimatization to the
soil.

Fig. 2 Growth of C. sativa seeds on MS medium

The effects of kanamycin on seedlings were obvious even
at low doses (25 mg/L). Roots were much shorter, likewise,
shoot growth was retarded. The decrease in the length of
shoots and roots was more emphasized at higher doses. No
leaves other than cotyledonary leaves were present in the
presence of kanamycin. True leaves were unable to grow
within a one-month period. Discoloration was noticeably
high at higher doses. The thickness of the shoots was also
observed to be significantly reduced. Despite these effects,
there was little reduction in germination and seedling even
at higher doses (Fig. 3).
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Fig. 3 Effect of different doses of kanamycin on C. sativa seeds; a) 25 mg/L, b) 50 mg/L, ¢) 75 mg/L, d) 100 mg/L

Table 1 C. sativa growth parameters on different kanamycin concentrations (30 days after sowing)

Root length (cm) Shoot length (cm) Total length (cm)
MS 4.8+1.605a 9.1+£1.636a 13.9+2.77a
MS25 22+0975b 5.5+£237b 7.7+1987b
MS50 23+0.57b 3.2+0.837 be 55+1.173 be
MS75 1.9+1.025b 25+1.173 ¢ 4.4+2.043 be
MS100 1.5+0935b 25+0354¢ 4+1.173 ¢

* Letters following means in the same column indicate that the means are statistically significantly different (p<0.05)

Table 2 C. sativa germination seedling and plant weight on different kanamycin concentration (30 days after sowing)

Germination (%) Seedling (%) Fresh weight (g) Dry weight (g)
MS 100 100 0.3134+0.115a 0.01946 £0.015 a
MS25 100 90 0.0584+0.025b 0.00126 + 0.0002 b
MS50 100 100 0.0324+0.019b 0.00264 + 0.0003 b
MS75 90 70 0.0354+0.017b 0.00468 + 0.0019 b
MS100 100 90 0.0238+0.0093 b 0.00235 + 0.0008 b

* Letters following means in the same column indicate that the means are statistically significantly different (p<0.05)
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The longest roots were obtained, as expected, in seedlings
grown on MS medium with a mean value of 4.8 cm. The
shortest root length was noticed at MS100 with a mean
value of 1.5 cm. Root length on different kanamycin
concentrations was statistically significant regarding the
presence or absence of kanamycin. Shoot length ranged
from 9.1 cm on MS mediumto 2.5 cm on MS100 and there
was a significant difference of shoot length between doses.
The mean total length of the seedlings was 13.9 cm on MS
medium, 7.7 cm on MS25, 5.5 cm on MS50, 4.4 cm on
MS75, and 4 cm on MS100 and the difference was
statistically significant (Table 1).

The antibiotic did not affect germination, and nearly all
seeds had germinated at all conditions. The seedling stage

(growth of shoot) was slightly impaired in higher
kanamycin doses decreasing to 70% and 90% at 75 mg/L
and 100 mg/L respectively. Fresh weight was 0.31 g per
seedling on MS medium decreasing gradually with
increment of concentration of kanamycin down to 0.024 g,
showing more than ten-fold decrease at 100 mg/L.
Differences in fresh weight between doses of kanamycin
were statistically significant. Similarly, dry weight
decreased drastically from 0.019 g on MS medium to 0,0024
on 100 mg/L. Likewise, differences in dry weight between
doses of kanamycin were statistically significant (Table 2).

4. Discussion

There is an ongoing demand for employing model plants
that are suitable for genetic and metabolic engineering, that
possess simple and high-capacity transformation systems, a
fully sequenced genome, short life span, high yield, and the
capability to analyze the produced plants in field
experiments (Malik et al. 2018).

Generally, Arabidopsis thaliana is used in transgenic
studies, but Camelina sativa is emerging as a new promising
plant as a model for oilseed crops for seed oil production
where metabolic engineering can be achieved easily (Bansal
and Durrett 2016). Its compliant nature for genetic
transformation has created attention for researchers to apply
genome editing systems such as CRISPR/Cas9.

Besides the floral dip method, which has an efficiency of
around 1%, tissue culture protocol can be used for the
transformation of C. sativa (Liu et al. 2012). Even though
tissue culture is more difficult to accomplish, it is
advantageous in its efficiency, getting more seedlings in
small areas with almost all surviving plants being transgenic
positive. One of the most important aspects of tissue culture
is adjusting the dose of selective antibiotic, such that it will
not let the untransformed plants grow, but also would not
hamper the growth of the transformed plants (Bakhsh et al.
2015; Anayol et al. 2016; Ahmed et al. 2017). Kanamycin
is one of the most robust and commonly used antibiotics in
gene transformation efforts. Non-transformant plants are
normally susceptible to kanamycin, whereas the
transformed plants that have the nptll gene (neomycin
phosphotransferase Il enzyme) incorporated in their
genome will survive and grow under certain kanamycin
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concentrations. There are 133 genetic transformation events
globally that incorporated the nptll gene along with the
desired traits for commercial use (ISAAA GM Approval
Database 2023).

In Camelina, kanamycin causes the shortening of shoots and
roots. Moreover, true leaves did not emerge even at lower
kanamycin concentrations. Discoloration of leaves and
stems accompanied by the death of tissues at high
kanamycin concentrations was noticed (Fig. 3). At 100 mg
/L dose no green leaves remained after a one-month period.
In their publication, Sitther et al. (2018) used shoot apical
meristems of C. sativa for transformation with EGFP and
nptll genes. They used 40 mg/L kanamycin to select the
transformant plants, however, some green parts remained in
untransformed plants. Ontiveros-Cisneros et al. (2022) used
up to 150 mg/L kanamycin on wild-type Camelina seeds
and still, green leaves were visible and could not distinguish
between wild-type and transformant seeds. Probably the
seeds of the wild type of C. sativa used in their study have
higher antibiotic resistance as it is the only publication
where kanamycin could not be used successfully for
transformant selection.

Kanamycin did not impede the germination of Camelina
seeds, while it had minimal effect on their transition to the
seedling stage. Similar effects were recorded by Ontiveros-
Cisneros et al. (2022) where all the seeds germinated even
at higher doses (150 mg/L) of kanamycin. The effect on root
length, fresh weight, and dry weight was statistically
significant, however, all the kanamycin doses (except MS0)
were grouped in the same group according to Tukey’s test.
In shoot length and total length addition of kanamycin at
different concentrations resulted in statistically different
results. In their study Sitther et al. (2019) also found a
diminishing of shoot and root length however, plant tissues
were undergone necrosis even at 40 mg/L of kanamycin.
Their cultivars (P1650159 and P1650161) seem to be more
susceptible to the antibiotic. Using shoot apical meristems
as explants may require lower doses of kanamycin. On the
other hand, Zakharchenko et al. (2013) used 50 mg/L of
kanamycin for the selection of transgenic seeds but there is
no information on the condition of non-transformant plants.

5. Conclusion

Based on these findings, 100 mg/L concentration is
considered to be suitable for selecting transformed
Arsalanbey cultivar seeds and tissues from non-transformed
ones, as there were no green patches on leaves and
ultimately no photosynthesis. It is important to optimize the
concentration of the antibiotics for each cultivar before
starting the selection procedure. This study presents a
framework for the genetic transformation of C. sativa via
tissue culture. Diversifying methods of transformation will
open the opportunity to use them for study-specific
purposes.
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Ozet: Haliisinojenler (hayal gordiiriiciiler) kullanildiginda kisiyi gercek diinyadan uzaklastirip iitopik diisiincelere yonlendiren maddeler
olarak tanimlanmaktadir. Bu maddeleri kullanan kisilerde zaman ve mekan 6nemsizlesir, diisiince, alg1 ve duyusal bozukluklar gozlenir.
Haliisinojenlerin baslica 6rnekleri esrar, fensiklidin, liserjik asit dietilamid (LSD) ve psilosibindir. Tiim bu bagimlilik yapici maddeler
basta merkezi sinir sistemi olmak iizere karaciger ve bobrek gibi hayati organlan etkilemekte ayrica verem, kanser, kangren gibi birgok
oliimciil hastaliga da neden olmaktadir. Bu calisma, halk arasinda kisiye kendisini iyi hissettirdigi i¢in giin icinde siirekli kullanilan,
kozmopolit oldugu i¢in de kolay ve her yerde yetisen ve kullanimi yasak olmayan Efedraceae familyasina dikkat c¢ekebilmek igin
yapilmigtir. Ephedra distachya L. nin halk arasinda 6zellikle govde, tohum ve ¢igek gibi toprak tistii kisimlari kullanilmaktadir. Bu nedenle
kurutularak toz haline getirilen bu kisimlara ait metanol ve su ekstreleri hazirlanarak GC-MS yo6ntemiyle tiim kimyasal bilesenleri
bakimindan degerlendirilmistir. Elde edilen GC-MS verilerine gore, yalmizca gévde kismimn her iki ekstresinde haliisinojenik etken
bilesenler bulunmustur. Ayrica bitkisel ekstraktlara ait potansiyel etken maddelerin belirlenebilmesi hem halk sagligi hem de kriminal
bakimdan da olduk¢a 6nemlidir.

Anahtar kelimeler: Haliisinojenik maddeler, bagimlilik, bitkisel bilesenler, Ephedra distachya

Determination of hallucinogenic active substances of Ephedra distachya L., a cosmopolitan plant
species, by GC-MS Method

Abstract: Hallucinogens are defined as substances that, when used, distract the person from the real world and direct them to utopian
thoughts. In people who use these substances, time and space become unimportant, and thought, perception and sensory disorders are
observed. Prime examples of hallucinogens are marijuana, phencyclidine, lysergic acid diethylamide (LSD), and psilocybin. All these
addictive substances affect vital organs such as the central nervous system, liver and kidneys, and also cause many fatal diseases such as
tuberculosis, cancer and gangrene. This study was carried out to draw attention to the Ephedraceae family, which is used constantly
throughout the day because it makes people feel good, is cosmopolitan and grows easily and everywhere, and its use is not prohibited.
Especially the above-ground parts of Ephedra distachya L. such as stem, seeds and flowers are used among the public. For this reason,
methanol and water extracts of these dried and powdered parts were prepared and evaluated for all chemical components by GC-MS
method. According to the GC-MS data obtained, hallucinogenic active ingredients were found only in both extracts of the body part. In
addition, determining the potential active substances of herbal extracts is very important for both public health and criminal perspective.

Keywords: Hallucinogenic substances, addiction, herbal ingredients, Ephedra distachya
*Bu makale Atatiirk Universitesi, Fen Bilimleri Enstitiisii, Kriminalistik Ana Bilim Dali Ogretim Uyesi Prof. Dr. Handan UYSAL

damgsmanliginda hazirlanmis olan “Halk Arasinda Kullanilan Kozmopolit ve Haliisinojenik Bitkilerin Toprak Ustii Kisimlarma Ait Etken
Maddelerin GC-MS Y6ntemiyle Belirlenmesi” isimli yiiksek lisans tezinden ¢ikarilmigtir.

© EJBCS. All rights reserved.


https://orcid.org/0000-0002-4290-8223
https://orcid.org/0000-0001-5338-8457

H. Uysal ve M. Ince

1. Giris

Yunanca uyku anlaminda "narke"den gelen ve Ingilizce'ye
"narkotik" olarak gegen uyusturucu sozciigli, uyusturma
ozelligi olan, uyusturan, duymaz hale getiren demektir. En
genel tanimi ile uyusturucu maddeler, kullanan kisilerde
merkezi sinir sistemini etkileyerek, his ve davraniglarda
degisiklik ve dengesizliklere sebep olan, uzun siireli
kullanim sonucunda aliskanlik ve bagimliliga, bagimlilik
sonrast yoklugu durumunda psikolojik ve fiziksel tepkilere
yol agan, kisisel ve toplumsal yonden ekonomik ve sosyal
¢okiintii olusturan maddelerdir (Igisleri Bakanligi, Emniyet
Genel Miidiirliigii Yayin1 1994). Ister organik ister sentetik
olsun tiim uyusturucu maddelerin kullanilma sebepleri
arasinda kisilerin baskilardan, kederden ve sikintidan
kurtulmak, gergeklerden uzaklasarak kendini iyi hissetmek,
toplumdan kendini soyutlamak ve diinyay1 tozpembe
gormek istegi karsimiza ¢ikmaktadir. Kisilerin  bu
isteklerini karsiladiklari maddeleri ise narkotikler (morfin,
eroin gibi), uyutucular (alkol gibi), uyaricilar (kokain,
kafein ve nikotin gibi) ve hayal gordiiriiciiler (esrar, liserjik
asit dietilamid, fensiklidin ve psilosibin gibi) olmak tizere dort
ana gruba ayirmak miimkiindiir (Bayer 2003).

Kiiresel bir tehdit olan uyusturucu maddeler, her gegen giin
karsimiza farkli etki ve igerikleriyle ¢ikmaktadir.
Uyusturucu kullanimu 6zellikle ergenler ile geng yetiskinler
arasinda ¢ok yaygm Ve tiim iilkeler igin ciddi bir sorun
haline gelmistir (Bora 2007). 2021 yilinda yayimlanan
Diinya Uyusturucu Raporu’na gore, diinya genelinde her 17
kisiden bir kisi uyusturucu madde kullanmaktadir. Yine
ayn1 raporda hint kenevirinden elde edilen maddelerin
diinya siralamasinda 192 milyon kullanicr ile birinci sirada
oldugu, eroin, morfin, kodein gibi narkotiklerin son on yilin
en Oliimciil maddesi olarak 6liime sebebiyet verdigi ve
uyusturucu kaynakli 6liim olaylarmin %71 oraninda arttig1
belirtilmistir (World Drug Report 2020). Ayrica yine bu
raporda, gelismekte olan iilkelerdeki ergen ve geng
yetiskinlerin uyusturucu madde kullanim oraninin gelismis
ilkelere gore daha hizli bir artig gosterdigine de isaret
edilmektedir. 2023 yilinda yayimlanan Tiirkiye Uyusturucu
Raporu’nda ise en dikkat ¢ekici nokta olarak madde
baglantili  Oliimlerin  cinsiyete = gore  dagilimlari
incelendiginde; 2020 yilinda &lenlerin %93,3’liniin (293)
erkek, %6,7’sinin (21) kadm, 2021 yilinda %90,7’sinin
(245) erkek, %9,3’iniin (25) kadin ve 2022 yilinda ise
%89’unun (219) erkek, %11’inin (27) kadin oldugu
belirlenmigtir. Toplam niifusa gore bu sayisal dagilhim ¢ok
disiikmiis gibi goriinse de ozellikle kadinlar arasinda da
Olimle sonuglanan madde bagmmliligi oraninin artmis
olmast olduk¢a endige vericidir (Uyusturucu Bagimlilig:
Izleme Merkezi (TUBIM) 2023).

Giliniimiizde uyusturucu maddelere bagimlilik konusu tim
tilkelerin iizerinde Onemle durmasi gereken sorunlarin
basinda gelmektedir. Hemen hemen her toplumda cok
sayida insan gerceklerden kagmak, sikintilardan ve
tikenmisglik sendromundan kurtulmak igin uyusturucu
maddeleri kullanmakta ve bu maddelerin zararli etkilerinin
bilinmesine ragmen ne pahasina olursa olsun almak
istemektedirler (Akbulut 2011). Ayrica, diinyanin dort bir
kdsesinde uyusturucu madde kullanimi ve emniyet giicleri

47

Eurasian J Bio Chem Sci, 7(1):46-51, 2024

tarafindan yakalanan maddeler hem miktar bakimindan hem
de ¢esitlilik agisindan ¢ok biiyiik artiglar gostermektedir. Bu
cesitlilik ve miktar bakimindan artiglar tiim iilkelerde
goriilse de iilkelerin iginde bulunduklari jeopolitik konumun
ve ekonomik gelismisligin, en 6nemlisi ergen ve geng niifus
oraninin madde kullanimina etkisi biiytiktiir (Bora 2001).
Uyusturucu madde kullanimi yalnizca kiside bagimlilikla
ilgili problem yaratmamaktadir. Ayn1 zamanda basta kendi
ailesi, ¢evresi ve yagadigi toplumda da birgok problemlere
sebep olmaktadir. Uyusturucunun yarattigi problemlerin
basinda kisisel egitim, sosyal iletisim, kiginin yaptig1 isin
kalitesi, yasam tarzina ait olumsuz degisiklikler ile eski
saglikli hayat1 birakip maddeyi almak ve kullanmak i¢in
siddet ve sug iceren bir hayata gecis ve ozellikle sosyo-
ekonomik diizeyi diisiik kisilerde gdzlenen ekonomik ¢okiis
gelmektedir. Su  hicbir zaman unutulmamalidir ki
uyusturucu maddeler, su¢ ve suclular ile sagliksiz ve
problem dolu bir hayatla beraber anilagelmektedir. Her
gegen giin yeni bir tiirii sentezlenen ve kullanimi daha
yayginlasan bagimlilik yapict maddeler ile topyekiin savas,
ulusal ve uluslararasi devam etmektedir. Bu nedenle yasa
dis1 uyusturucu ile miicadelenin arz boyutuyla kurumlar
arasinda ortaklasa ve giiglii bir is birligi devam ederken
talep boyutunun da engellenmesi igin kanuni miieyyidelerin
daha etkin uygulanmasi gereklidir.

Ozellikle Diinyada ve Ulkemizde kozmopolit ve kolay
ulagilabilir olan, kullanimlar1 yasal olarak su¢ unsuru teskil
etmeyen, bu nedenlerle halk arasinda gévde, yaprak, ¢igek,
tohum ve meyve gibi toprak iistii kisimlar ¢igneme, sarma
ya da demleme seklinde keyif verici olarak kullanilan
Scrophulariaceae (siraca otugiller), Verbenaceae (mine
cicegigiller) ve ozellikle Solanaceae (patlicangiller) gibi
farkli familyalara ait bitki tiirleri bulunmaktadir (Bayam
2021; Uysal ve Bayam 2021). Sunulan bu ¢alismaya konu
olan Efedraceae familyasina ait tiirlerin de halk arasinda
fitoterapi amaciyla gegmisten giiniimiize kullanildig: ¢esitli
aragtirmacilar tarafindan bildirilmigtir ~ (Saygt 1982;
Pederson 1994; Hutchinson ve Andrews 1995). Ancak
bitkiler Etnobotanik (insanlarin bitkilerle ¢ok yonlii
iligkisini sistematik olarak arastiran disiplinler arasi bir
bilim dali) bakimdan degerlendirildigi zaman yalnizca
beslenme ve sagligi korumaya yonelik olarak degil bitkisel
kafa yapict maddeler (herbal highs) ve hayal gérdiriciiler
(haliisinojenler) bakimmdan da degerlendirilmektedir.
Diinyada Ispanya, Fransa’nin bati kiyilari, Avrupa’nin
giineyi, Sicilya, Adriyatik ve Asya’nin kuzeydogusuna
kadar olan bolgelerde yayilim gosteren Efedraceae
familyasina ait tiirler, Ulkemizde de Trakya ve Akdeniz
kiyilar1, Gliney Marmara, Dogu Karadeniz, Yukar1 Sakarya,
Konya, Yukar1 Firat, Yukart Murat-Van, Artvin, Kars ve
Agr1 dolaylarinda dogal olarak yetisen ¢ tiir (Ephedra
distachya, E. foeminea, E. major) ile temsil edilmektedir.
Bu tiirlerden birisi olan E.distachya L. (Ebu Cehil ¢alis),
yaklagik 25 ila 50 cm yiiksekliginde, pek az1 1 m’ye kadar
boylanan, sik dalli, dik ve yatay yiikselebilen bir ¢al1 olarak
tanimlanmaktadir. Mayis-haziran aylarinda sar1 renkli
cicekler agan bu bitkinin meyveleri bezelye biiyiikliigiinde,
yuvarlak ve kirmizi renkte olup agustos-eyliil aylar
arasinda  olgunlagsmaktadir (Sekil 1). Ayrica E.
distachya’nin kuvvetli kokleri, topragin metrelerce derinine
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kadar inebilmektedir. Bu nedenle topragi tutarak riizgar
erozyonun onlenmesi amaciyla ve az su tiikettigi i¢in de
kurakliga kars1 kullanilan degerli bir bitkidir.

Sunulan bu ¢alismada, Ulkemizde genellikle otsu ve calims1
formlarda bulunan, kozmopolit ve kolay ulasilabilir olan,
kullanimlar1 yasal olarak su¢ unsuru teskil etmeyen, bu
nedenlerle halk arasinda ozellikle toprak dstii kisimlar
kullanilan E. distachya’'min govde, tohum ve ¢igek
kurularindan metanol ve su ekstraktlar1 elde edilerek
haliisinojenik etken maddelere sahip olup olmadigi Gaz
Kromatografisi-Kiitle Spektroskopisi (GC-MS) yontemiyle

belirlenmistir.
S ~—— - -
~ - —

Sekil 1. Dogal ortamda E. distachya L. tiiriiniin ¢igek ve meyveleri

2. Materyal ve Metot

2.1. Bitkinin Toplanmasi, Metanol ve Su Ekstraktlarinin
Hazirlanmasi

Deneysel ¢alismalarda kullanilan E. distachya, Mersin ili
Erdemli ilgesinden (36°36'10.7"K, 34°14'01.3"D) Temmuz
aymin son haftasinda ve ¢iceklenme ddneminde
toplanmistir. Bu bitki dogrudan giines gérmeyen karanlik
bir ortamda kurutma kagitlar1 arasina konulup, oda
sicakliginda  (22-24°C), sik sik  kurutma kagitlar
degistirilerek  ve  c¢liriyen  kisimlart  ayiklanarak
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kurutulmustur. Bu c¢alisma igin kurutulmus olan E.
distachya bitkisinin ¢icek, tohum ve gdvdesinin her bir
bolimii ayr1 ayr1 olacak sekilde toz haline getirilerek
paketlenmistir (Sekil 2a-c).

Sekil 2. E. distachya tiiriine ait a) govde, b) ¢igek ve ¢) tohum
kurularinin ayri ayn 6giitiilmiis ve paketlenmis hali.

Metanol ekstrakti igin 6gltiilmiis E. distachya’nin govde,
tohum ve ¢icek kurular1 ayr1 ayri olmak iizere hassas terazi
ile yaklagik 25 g olacak sekilde tartilip 200 ml metanol ile
ekstrakte edilmistir. 24 saat oda sicakliginda bekletildikten
sonra, once siizgeg¢ kagidindan gegcirilerek siiziilmiis daha
sonra filtreli enjektérden gegirilerek ¢ozelti miktart
artirillmistir. Elde edilen siiztintii, 200°C sicaklikta Etiiv’de
vakumlu firmnlanma yontemiyle 12 saat bekletildikten sonra
metanolden ayristirilarak daha derisik ve yogunlastirilmisg
olarak bitkisel ekstre elde edilmistir. Bu ekstre, steril bos
cam siseye aktarilarak kullanilincaya kadar +4°C’de
buzdolabinda saklanmistir. Elde edilen bitki ekstresi kisaca
“EDmet” olarak isimlendirilmistir.

Su ekstraktsiyonu i¢in de yine 6giitiilmiis E. distachya nin
govde, tohum ve cicek kurulart kullanilmis ve ayri ayri
diizeneklerde tizerlerine 70-80°C sicakliktaki saf su dokiiliip
sicaklik oda sicakligi (22-24°C) seviyesine diisiinceye dek
Ultrasonik Banyo Cihazi i¢inde bekletilmistir. Daha sonra
soguyan karigim, siizge¢ kagidindan gegirilerek siiziilmiis
bitki ¢ozeltisi elde edilmistir. Su ekstresinde bulunan suyu
uzaklastirmak amaciyla da 150-200°C sicaklikta etiiv
kullanilmis ve vakumlu firinlanma yontemiyle (12 saat)
daha derisik ve yogunlastirilmis ekstre elde edilmistir.
“EDsu” olarak isimlendirilen bu ekstre de steril bog cam
siseye almmis ve kullanilincaya kadar +4°C’de
buzdolabinda muhafaza edilmistir.

Sunulan bu ¢alismada GC-MS analizi, hem gévde hem de
tohum ve ¢igek igin ayri ayrt yapilmistir. Ancak
haliisinojenik 6zellige sahip bilesenler yalnizca govde igin
hazirlanan EDmet ve EDsu ekstraktlarinda bulunmustur. Bu
nedenle Bulgular kisminda sunulan veriler yalnizca E.
distachya’nin gévde kismina aittir.

2.2. Gaz Kromatografisi-Kiitle Spektroskopisi (GC-MS)
Analizinin Yapilmasi

GC-MS, organik ve biyokimyasal karigimlarin analizi i¢in
kullanilan analitik bir yontemdir. Bu uygulamada, 6nce
kromatografik kolondan ¢ikan bilesikler i¢in ayri ayri
spektrumlar toplanir. Daha sonra bu spektrumlar islenmek
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amactyla bir bilgisayarda depolanir. Yapisinda birgok
bileseni barindiran ve anlasilamayan bilesiklerin daha kolay
sekilde tanimlanmasii saglayan GC-MS yonteminde iki
cihaz aynm1 anda ve bir arada calisarak gerekli analizler
yapilmaktadir. GC-MS’in kiitle spektrometresi (MS)
etabinda, gaz kromatografisi (GC) siitunundan ¢ikan
bilesikler elektron etkisi ile pargalanir. MS, o&rnek
molekiilleri elektrikle sarj ederek bir manyetik alan boyunca
hizlandirip molekiilleri yiiklii pargalara aymrir ve farkl
yiikleri tespit ederek maddeleri tamimlar. Burada GC ile
orneklerdeki bilesenler birbirinden ayrilirken MS ile de her
bir bilesen ayr1 ayr1 tanimlanmaktadir (Tutang 2009).

Aragtirmamizda kullanilan E. distachya’ya ait metanol ve
su ekstraktlarindaki bilesenlerin tanimlanmasi i¢in Agilent
6890N Network GC sistem, 5977B kiitle spektroskopisi
dedektorii, Agilent 7693 serisi otosampler ve HP-5 MS
kolon kullanilarak (30 m x 0,250 mm ID, film kalinlig1 0,25
Mm); 1 ml/dk akis hizi, splitless enjeksiyon hacmi ve
sicaklik programi 50°C de 1 dakika, 20°C yiikselterek
100°C de 1 dakika bekletilerek, dakikada 10°C yiikselterek
180°C de 1 dakika bekletilerek, dakikada 5°C ytiikselterek
220°C de 5 dakika bekletilerek, dakikada 10°C yiikselterek
300°C de 5,5 dakika bekletilerek uygulanan firm sicaklik
programi ile analizler gerceklestirilmistir.

3. Bulgular ve Tartisma
3.1. EDmet Ekstresine Ait GC-MS Analiz Bulgular

EDmet’in GC-MS  analizi  sonucu, analizatoriin
kiitiiphanesinde bulunan bilesenler ile benzerlik oram
yiiksek olan bes (5) farkli bilesen tespit edilmis olup bu
kimyasal maddeler; %35 5-Methyl-2,4-imidazolidinedione
(Pik1), %28 N-Allyl-2,5-dimethoxy-4-iodophenethylamine
(Pik2), %78 Pseudoephedrine (Pik5), %76
Dihydrobenzofuran (Pik7) ve %97 Palmitic Acid (Pik8)’ dir
(Tablo 1). EDmet’e ait GC-MS kromotogrami da Sekil 3°de
verilmistir.

Bu bitkisel ekstrakta ait olan N-Allyl-2,5-dimethoxy-4-
iodophenethylamine**, Pseudoephedrine** ve
Dihydrobenzofuran**  bilesenlerinde  bulunan ikame
fenetilamin,  merkezi  sinir  sistemini  etkileyerek
haliisinojenik  etkiye sebep olan bilesen olarak
belirlenmigtir (Tablo 1). EDmet’in GC-MS analizinde
5.pik’de ortaya c¢ikan Pseudoephedrine, hem belirli bitki

Tablo 1. GC-MS Analizi ile Tespit Edilen EDmet’e Ait Bilegenler
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tirlerinde dogal olarak bulunan bir alkaloid hem de ticari
amagla tretilen kimyasal bir bilesendir. Oldukga etkili bir
uyarici olarak degerlendirilen bu maddenin yiiksek
miktarlarda alinmasi haliisinojenik etkilere ve alimina
devam edilmesi ile ozellikle narkotikler gibi  psikoz
ataklarmin ortaya ¢ikmasina neden olabilmektedir.

3.2. EDsu Ekstresine Ait GC-MS Analiz Bulgular

EDsu ekstraktinin GC-MS analizi ile de en yiiksek benzerlik
orani %43 olan tek bir bilesen tespit edilmis olup bu
kimyasal madde Des-N-dihydrosolasodine** (Pik1)’dir
(Tablo 2). EDsu’ya ait GC-MS kromotograminda da bu
bilesenin verdigi Pik Sekil 4’de goriilmektedir. EDsu’da
bulunan Des-N-dihydrosolasodine isimli bilesen, bir cesit
toksik alkaloid olup EDmet’de bulunan N-Allyl-2,5-
dimethoxy-4-iodophenethylamine, Pseudoephedrine ve
Dihydrobenzofuran bilesenleri gibi haliisinojenik 6zellige
sahip bir bilesen olarak tanimlanmistir. Des-N-
dihydrosolasodin isimli kimyasal bilesen, ayn1 zamanda
Solanaceae familyasinda da bulunan solanin, solasodinin ve
solamarjin alkaloidleri ile glikoalkaloid tiirevlerinden birisi
olarak merkezi sinir sistemi {izerinde gesitli uyarici etkilere
sebep olabilecek bir madde olarak degerlendirilmistir.

Ulkemizde uyusturucu ile miicadelede halen vyiiriirliikte
olan kanun, 12/6/1933 tarihinde yiiriirliige giren 2313 sayili
“Uyusturucu Maddelerin Murakabesi Hakkinda
Kanun”dur. Bu kanunun yirirlige girdigi 1933 yilinda
esrar, morfin, eroin, kokain gibi klasik uyusturucularin
bulundugu toplam 10 ana madde, yasal kisitlilik altina
almmustir. Fakat zaman icinde klasik uyusturuculardan
bagka maddelerin de suistimalinin goriilmesi {izerine ve
uluslararasi anlagmalarin geregi olarak Bakanlar Kurulu
Kararlari ile 2313 sayili kanuna eklemeler yapilmistir. Bu
eklemelerden ilki 7 uyusturucu maddenin daha yasal
kisitlilik altina alindigi 30.03.1961 tarih ve 5/990 sayili
Bakanlar Kurulu Kararidir. 1962-1982 yillar1 arasinda 32
uyusturucu madde daha kanun kapsamina alinarak bu konu
ile  ilgili  micadeleye etkin  sekilde = devam
edilmistir/edilmektedir. Bu siire¢ 1986, 1988, 1996, 1998,
2004, 2008, 2009, 2011, 2012, 2013 ve 2014 yillarinda
c¢ikarilan kararnamelerle devam ederek yasal kisitlilik altina
alinan madde sayis1 gliniimiizde 428’e ulagsmustir.

Pik Alikonma % % Benzerlik Bilesenler
Zamani Alan Oran
1 7.33 0.62 35 5-Methyl-2,4-imidazolidinedione
2 7.58 0.63 28 N-Allyl-2,5-dimethoxy-4-iodophenethylamine**
5 12.70 4.08 78 Pseudoephedrine**
7 13.98 2.04 76 Dihydrobenzofuran**
8 15.70 0.57 97 Palmitic Acid
Toplam 5

**Haliisinojenik bilesenler
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Sekil 3. EDmet’e ait GC-MS kromatogrami.
Tablo 2. GC-MS Analizi ile Tespit Edilen EDsu’ya Ait Bilesenler
. Alk % % Benzerlik .
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Toplam 1
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Sekil 4. EDsu’ya ait GC-MS kromatogrami.

Gecmisten giliniimiize uyusturucu veya alkoliin etkisi ile
kisiler haliisinasyon gorebildikleri gibi bagimlilarin bu
maddeleri kullanmay1 aniden birakmalar1 da benzeri
durumlara neden olabilmektedir. Hallisinasyonlar genelde
gorsel varsani oldugu gibi dokunma, koklama veya isitme
duyularin1 da etkileyebilmekte ve ¢ogu zaman gerceklik
algisinda yanilsamalar ortaya ¢ikabilmektedir (Yilmaz
2017). Esrar, eroin, morfin ve kokain gibi klasik uyusturucu
maddelerin yanisira Uyusturucu madde olarak kabul edilen
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bir maddenin molekiil yapisinda kiigiik eklemeler veya
¢ikartmalar yapilarak designer drugs (yeni tasarlanan)
olarak tanimlanan ve kanun kapsaminda yer almayan
madde/maddeler de kisisel ve toplumsal baglamda maddi ve
manevi problemleri beraberinde getirmektedir. Bu kiiresel
problemin bir ayagini da son derece masum goriinen ancak
kafa yapici bilesenleri bakimindan halk arasinda hem kolay
ulagilabilir olmalar1 hem de konuya iligkin olmak {izere
kullanimi durumunda herhangi bir kanuni mieyyide
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bulunmamasi gibi nedenlerle uyusturucu ve haliisinojenik
etkileri bakimindan kullanilan bitkiler olusturmaktadir. Bu
tir bitkiler cogu kere bos araziler, bahgeler, yol kenarlari
gibi dogal kosullarda kendiliginden yetisebildigi icin
tiretilmeleri bakimmdan da her hangi bir smirlayicilik
bulunmamaktadir.

Sunulan bu ¢alismada kullanilan E. distachya’nin ¢igek ve
tohum kisimlarina ait haliisinojenik 6zellige sahip herhangi
bir bilesen belirlenememistir. Ancak bu bitkinin govde
kismima ait GC-MS analizinde EDmet i¢in N-Allyl-2,5-
dimethoxy-4-iodophenethylamine, Pseudoephedrine ve
Dihydrobenzofuran ile EDsu igin de Des-N-
dihydrosolasodine haliisinojenik bilesenler olarak tespit
edilmigtir. Efedra, Hill (1951) tarafindan zehirli bir bitki
olarak tamimlanmistir ve metanol ekstresinde bulunan
Pseudoephedrine diaforetik (terletici), antienflamatuvar
(yanguyv/iltihabi reaksiyonu ve 6demi azaltici), antipiretik
(ates diisiiriicli) ve sedatif (sakinlestirici) etkilerinden dolay1
hastaliklarin iyilestirilmesi amaciyla uzakdoguda yaklasik
5000 yil oncesinden beri tibbi olarak kullanilmaktadir
(Sayg1 1982; Hikino et al 1983; Hutchinson ve Andrews
1995). Ancak Efedra’dan elde edilen efedrin’in
saflastirilmasiyla metamfetamin  ham maddesi elde
edilebildigi i¢in de bu bitki Pederson (1994) tarafindan “adli
olaylarda karsilagilabilecek bitkisel tiirlerden birisi” olarak
tanimlanmigtir.  Pseudoephedrine  disinda  Efedra’nin
metanol ekstresinde bulunan N-Allyl-2,5-dimethoxy-4-
iodophenethylamine, Dihydrobenzofuran ve Efedra’nin su
ekstresinde  bulunan  Des-N-dihydrosolasodine isimli
kimyasal bilesenler de zehirli alkaloidler olup yapilarinda
bulunan ikame fenetilamin ile merkezi sinir sistemi
tizerinde cesitli uyarict etkileri ile haltisinojenik olarak
kabul edilmektedirler.

Bayer (2003)’e gore, hayal gordiiriiciiler olarak da bilinen
ve bitkilerden elde edilen haliisinojenik maddeler, belirli bir
dozda kullanildiginda kullanicinin ~ gercekte orada
bulunmayan seyleri gormesine, duymasina ve hissetmesine
sebep olarak kisiyi varsaniler ile ger¢ek diinyadan
uzaklastirip hayal alemine daldirirlar. Haliisinojenik
maddelerin en Onemli Orneklerinden olan liserjik asit
dietilamid (LSD) de de benzeri varsaniler gézlenmektedir.
Bu tip maddelerin viicutta yarattigi etkiler ise genellikle
kullamilan doz, kullanim sikligi, kullanicinin  yasi,
beraberinde alkol veya baska ila¢ alinip alinmadigi gibi
faktorlere bagli olarak degiskenlik gosterebilmektedir.
Hatta tiim bu zararli ve bagimlilik yapict maddeler merkezi
sinir sistemini, sindirim sistemini, karaciger ve bobrek gibi
hayati organlar1 etkilemekte ayrica kanser, kangren ve
benzeri bir¢ok Olimciil hastaliga da sebep olmaktadir
(Akbulut 2011).

4. Sonug¢

Yasal kisitlamalarin  olmamasi  sebebiyle uyarici,
uyusturucu ve haliisinojenik etkili olarak degerlendirilen
bitki tiirleri, igerdikleri etken maddeler sebebiyle kronik
kullanimlara bagli olarak insanlarda pek ¢ok hastaliga sebep
olabilmektedir. Bu bitkilerin insanlara verdigi zararlar
disiintildiigiinde, resmi kurumlar tarafindan konuya iliskin
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yeni diizenlemelerin yapilabilmesi ve yasal tedbirlerin
alinabilmesi gerekli goriilmektedir.
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Abstract: Kirmiz1 pancar, Beta vulgaris L. adli bitkiden elde edilen bir sebzedir. Besin degeri oldukga yiiksek olan kirmizi pancar,
cesitli vitamin, mineraller, lifler ve fitokimyasallar igerir. Kirmiz1 pancarin, baglica besin 6geleri arasinda folat, demir, potasyum,
C vitamini, betanin (kirmizi rengi veren bir pigment), betalainler, betasianinler ve antioksidanlar yer alir. Kirmizi pancar, 6zellikle
betalainler ve betasianinler gibi antioksidan bilesikleri igerir ve antioksidan 6zelligi acisindan en giiglii on sebze arasinda yer alir.
Kirmizi pancar, miikkemmel antioksidanlar olarak da bilinen rutin, epikatesin ve kafeik asit gibi yiiksek oranda biyoaktif fenolikler
igerir. Bu antioksidanlar, hiicre hasarina neden olan serbest radikallerle savasarak oksidatif stresi azaltabilirler. Sadece mineraller,
besinler ve vitaminler agisindan zengin olmakla kalmayip ayni zamanda ¢esitli tibbi &zelliklere sahip benzersiz fitobilesenlere
sahip oldugu i¢in mitkemmel bir besin takviyesidir. Kirmizi pancarda bulunan betanin, 6zellikle antioksidan 6zellikleri ile bilinir
ve viicudu serbest radikallere kars1 koruyabilir. Kirmuzi pancar iyi bir saglik gelistirici, hastalik 6nleyici ve tedavi edici olarak
bilinir. Bunlardan bazilar kardiyovaskiiler saglik, antimikrobiyal aktivite, bobrek fonksiyonunu iyilestirme, egzersiz performansini
artirma, anti-inflamatuar etkiler, karaciger saglig1 ve kanser riskini azaltmadir. Bu derleme ¢alismanin amaci kirmizi pancarin besin
icerikleri, antioksidan ozellikleri ve genel saglik yararlarimin sunulmasidir. Kirmizi pancarin hastaliklar tizerindeki etkilerini ve
antioksidan aktivitesini belirlemek i¢in daha fazla deney ve ¢aligmaya ihtiyag vardir.

Anahtar Kelimeler: Antioksidan, Beslenme ve diyetetik, Fonksiyonel besin, Kirmizi pancar, Saglikli beslenme

Red beet (Beta vulgaris L.): Nutritional composition, antioxidant properties and health
benefits

Abstract: Red beet is a vegetable obtained from the plant called Beta vulgaris L. Red beet, which has a very high nutritional value,
contains various vitamins, minerals, fibers and phytochemicals. The main nutrients of red beets include folate, iron, potassium,
vitamin C, betanin (a pigment that gives the red color), betalains, betacyanins and antioxidants. It contains antioxidant compounds,
especially betalains and betasianins, and is among the ten most powerful vegetables in terms of antioxidant properties. It contains
high amounts of bioactive phenolics such as routine, epicatechin and caffeic acid, which are also known as excellent antioxidants.
These antioxidants can reduce oxidative stress by fighting free radicals that cause cell damage. It is an excellent dietary supplement
as it is not only rich in minerals, nutrients and vitamins, but also has unique phytoconstituents with various medicinal properties.
Betanin, found in red beets, is particularly known for its antioxidant properties and can protect the body against free radicals. Red
beet is known as a good health promoter, disease preventive and therapeutic. Some of these include cardiovascular health,
antimicrobial activity, improving kidney function, increasing exercise performance, anti-inflammatory effects, liver health, and
reducing cancer risk. The aim of this review study is to present the nutritional contents, antioxidant properties and general health
benefits of red beet. More experiments and studies are needed to determine the effects of red beet on diseases and its antioxidant
activity.

Keywords: Antioxidant, Nutrition and dietetics, Functional food, Red beet, Healthy nutrition
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A. Kaynak ve ark.

1. Giris

Kirmiz1 pancar (Beta vulgaris L.) renkli, suda ¢dziiniir ve
nitrojen pigmentlerine sahiptir (Spiegel ve ark. 2021).
Kirmizi pancarin ana iiretim yerleri Avrupa’nin kuzeyi ve
giineyi olarak bilinmektedir. Tirkiye’de en ¢ok Ege ve
Marmara bolgelerinde iiretilmektedir (Giil ve ark. 2021).
Kirmiz1 pancarin gogunlugu (%85) isleme i¢in kullanilirken
yaklasik %30'u isleme sirasinda kaybedilmektedir (EI-
Beltagi ve ark. 2022). Giiniimiizde pancar agirlikli olarak
gida icin kullanilmaktadir (Vaitkeviciené ve ark. 2022).
Pancar kokleri salata ve gorba yapiminda kullanilirken
pancardan tursu, recel, sarap ve meyve suyu yapilabilir
(Kumar ve Brooks 2018). Ayrica pancarin kabuklar1 ve
saplar1 kullanilarak farmasétik {irlinler, fonksiyonel ve yeni
gida tirtinleri tiretilmektedir. Bunun yani sira enddistriler i¢in
diger  faydali  bilesikleri  gelistirmek i¢in  de
yararlanilmaktadir (Vaitkeviciené ve ark. 2022). Aym
zamanda yiiksek siikroz igerigi nedeniyle tatlandirici olarak
kullanilabilir ancak tadi ve aromasi nedeniyle pek tercih
edilmemektedir (Aznury ve ark. 2020). Ayrica B. vulgaris'in
yapraklar1 oOzellikle magnezyum, demir ve kalsiyum
minerallerinden zengin ve sodyum acisindan fakirdir
(Mzoughi ve ark. 2019). Kirmiz1 pancar yiiksek oranda
sitrik, malik ve sikimik asit icerir. Ayrica yiiksek diizeyde
ferulik asit icerdigi vardir (Okumus 2016). Oldukc¢a zengin
bir folik asit ve amino asit igerigine sahip oldugu da
bildirilmistir (Tomar ve ark. 2020). Pancar nitrat igerigi
yoniinden de zengin bir kaynaktir. Kirmizi pancar gibi nitrat
iceren gidalarin tiikketimi viicuttaki nitrat miktarini artirabilir
(Eroglu 2020). Nitrat gen ekspresyonunu indiikleyerek
biyogenezi ve mitokondriyal etkinligi arttirarak oksidatif
enerji metabolizmasini destekleyebilir (Dominguez ve ark.
2018).

Kirmizi  pancarin  yapisinda  bulunan  betalainler;
betasiyaninler ve betaksantinler olmak tizere iki ana gruba
ayrilirlar (Nikan ve Manayi 2019). Kirmizi-mor renklerden
sorumlu betanin, prebetanin, izobetanin ve neobetanin gibi
betasiyaninlerken, turuncu-sart renklendirmeden sorumlu
betaksantinler, vulgaksantin I, II ve indikaksantindir (da
Silva ve ark. 2019). Betalainler kozmetik, ila¢ ve gida
sektoriinde kullanilmak {izere yerini almaktadir (Kaya ve
Baysal 2016). Betalainler, antosiyaninlere kiyasla genis
renk yelpazesi, pH ve sicakliktaki degisikliklere karst
stabilite nedeniyle gida bazli uygulamalar i¢in uygundur
(Butt ve ark. 2019). Kirmiz1 pancarda bulunan betanin
Avrupa Birligi tarafindan onaylanan gida renklendiricisi
olarak kullanilan tek betasiyanindir (da Silva ve ark. 2019).

Kirmizi  pancarin  betalain, fenolik bilesikler ve
flavonoidleri igermesi nedeniyle dogal antioksidan
kaynaklart oldugu bilinmektedir (Kolag ve ark. 2017;
Spiegel ve ark. 2021). Yapilan deneyler, betalainlerin tek
basina veya bir ekstraktin pargasi olarak iyi antiradikal ve
antioksidan aktivite sergiledigini gostermistir (Spiegel ve
ark. 2021). Antienflamatuar, anti-diyabetik,
hepatoprotektif, hipotansif ve yara iyilestirici 6zelliklere
sahip olduguna inanilmaktadir (Mirmiran ve ark. 2020).
Omegin farelerde yapilan bir deneyde Tip 2 Diyabete
ferulik asit tedavisi uygulandiginda insiilin duyarliligin ve
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hepatik glikojenezi iyilestirdigi bulunmustur (Lorizola ve
ark. 2021). Yapilan baska bir c¢alismada pancar
bilesenlerinin,  vaskiiler — hiicre  proliferasyonu  ve
anjiyogenez i¢in yararli olabilecegi ayn1 zamanda metabolik
stres ve inflamasyonu azaltmaya yardimci oldugunu
kanitlanmistir (Al-Harbi ve ark. 2021). Bazi arastirmalar da
ise pancar veya tlirevi Urilinlerin tiiketiminin spor
performansini, glisemik kontrolii ve kan basincinm
iyilestirebildigini gozlemlemislerdir (Lorizola ve ark.
2021). Bu derleme g¢aligmasinin amaci kirmizi pancarin
besin igerikleri, antioksidan ozellikleri ve genel saglik
yararlarinin sunulmasidir.

2. Besin Icerigi

Kirmizi pancarin 100 graminda bulunan enerji 43 kkal, su
% 87.58, protein % 1.61, yag % 0.17, karbonhidrat % 9.56,
seker % 6.76, 1if % 2.8 ‘dir (Akan ve ark. 2021). Ayrica
triterpenler, seskiterpenoidler, karotenoidler, kumarinler,
flavonoidler (tilirosid, astragalin, ramnositrin, ramnetin),
betalainler ve fenolik bilesikler gibi giiclii antioksidanlar
icerirler (Ceclu ve Nistor 2020). Kirmizi pancardaki
doymamis yag asidi miktari, doymus yag asidine gore daha
yiiksektir. Kirmizi pancarin igeriginde kolesterol ve trans
yag asidi bulunmamaktadir (Diiker 2017).

2.1. Betalain

Betalainler, bitkilerde bulunan azotlu ve suda ¢oziiniir
bilesiklerdir (Székely ve Mate 2022). Caryophyllales
takimina aitl7 bitki ailesinin pigmentleridirler. Betalainler
hidrofiliktir ve hiicrenin epidermal ve subepidermal
dokularinda birikir (Sadowska-Bartosz ve Bartosz 2021).
Dogada 60 betasiyanin ve 33 betaksantin olmak {izere
90’dan fazla betalain bulunmustur (Aykin-Dinger ve ark.
2020). Kirmizi pancar betalain yoniinden en zengin
kaynaklardan biridir (Akan ve ark. 2019). Kirmizi pancarda
18 betasiyanin ve 12 betaksantin olmak iizere 30 betalain
oldugu tespit edilmistir (Sawicki ve ark. 2016). Betalain
iceriginden dolay1 antioksidan yoniinden en zengin 10 sebze
arasinda yer almaktadir (Akan ve ark. 2021). Kirmizi
pancarin yapisinda bulunan betalainler, betasiyaninler
(kirmizi-mor renk maddesi) ve betaksantinler (sari-turuncu
renk maddesi) olarak siniflandirilirlar (Yilmaz ve ark.
2019). Betasiyaninlerin ve betaksantinlerin konsantrasyon
orani pancar ¢esitlerine gore degigmektedir. Betasiyanin
dogal bir renklendirici madde olarak kullanilabilir
(Lembong ve ark. 2019). Ayrica oksidatif stresi ve serbest
radikallerin zararli etkilerini azaltir (Székely ve Mate,2022).
Betasiyaninler 538 nm’de maksimum absoprsiyona,
betaksantinler ise 480 nm’de maksimum absorpsiyona
sahiptirler. Kirmizi pancar rengini icerdigi betalainden
almaktadir. Kirmizi pancardan elde edilen pigmentlerin
%80'den fazlasi betasiyaninlerden, yani betanin ve bir
betanin izomeri olan izobetaninden olusur (Fu ve ark.
2020). Ticari olarak kullanilan ana betalain {iriinii kirmizi
pancardir. Cesitli gida sistemlerinde ve yenilebilir boya
olarak kullanilmaktadir (Namazzadeh ve ark. 2022).
Kirmiz1 pancardan elde edilen betalainlerin renklendirici
olarak kullanim alanlar;; gida, sanatsal, tekstil ve
kozmetiktir (Yeler 2021). Gidalarda yogurt, dondurma,
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hazir toz icecekler ve meyve jellerinde kullanilir (Okumus
2016). Gida endiistrisinde dogal ve zararsiz pigmentler
olarak kullanimlarinin yani sira tibbi agidan da dnemlidir
(Masih ve ark. 2019). Ilag¢ endiistrisinde kirmizi pancar
pigmentleri hem sivi hem de kat1 ila¢ formiilasyonlarinda
renklendirici ajan olarak kullanilir (Kumar ve Brooks
2018). Betanin ve betalain bakimindan zengin gidalarin
LDL oksidasyonunun inhibisyonu, DNA hasarinin
onlenmesi, anti-enflamatuar, antiproliferatif ~ ve
antimikrobiyal aktiviteler gosterdigi tespit edilmistir
(Rodriguez-Amaya 2019).

2.2. Karotenoidler

Karotenoidler, 750'den fazla iiye ile yeryiiziinde dogal
olarak bulunan ikinci en bol pigmenttir (Maoka 2020).
Beslenme 6zellikleri agisindan, A vitamini oncii bilesikleri
ve A vitamini olmayan Oncii bilesikler olarak ikiye
ayrilabilir (Liu ve ark. 2021). Kimyasal yap1 i¢in karotenler
ve ksantofiller olarak iki gruba ayrilirlar. Karotenoidlerin
¢ogu 40 karbonlu bir yapiya sahiptir (Maoka 2020). Birgok
meyve ve sebzenin sari, turuncu ve kirmizi renginin
kaynagidirlar. Icerdigi konjuge cift baglarin sayisima bagh
olarak renkleri degisiklik gosterir (Novoveska 2019). 100
gram kirmizi pancarda 87 pg S-karoten ve 6 pg lutein
bulunmaktadir (Kasim ve Kasim 2019). p-karoten ve a-
karoten gibi provitamin A karotenoidleri, goézler ve
bagisiklik sistemi ig¢in gerekli olan A vitamininin diyet
onciileridir (Sun ve ark. 2022). Lutein ve zeaksantinin de
gz hastaliklar1 iizerinde olumlu etkilerinin oldugu
bilinmektedir (Sauer ve ark. 2019). Calismalar, karotenoid
takviyesinin  oksidatif stres belirteclerini azalttigini
gostermigtir (Rodriguez-Amaya 2019). Baska bir ¢alisma
diyette yer alan luteinin farelerde meme tiimorii biiylimesini
engelledigini bildirmistir (Lechner ve Stoner 2019).

2.3. Fenolik bilesikler

Fenolikler, bitkilerde pigmentasyon, biiyiime, lireme ve
patojenlere veya avcilara karsi direng gibi c¢ok ¢esitli
stireglerde islev gormektedirler (Abotaleb ve ark. 2020).
Bitkilerin ¢ok dnemli ikincil metabolitleridir ve ¢ok gesitli
ozelliklere sahiptir (Platosz ve ark. 2020; Sevindik ve ark.
2017; Mohammed ve ark. 2018). Fenolik bilesikler sebzeler,
meyveler ve icecekler gibi ¢esitli kaynaklarin tiiketimi ile
viicuda alinabilirler (Grgi¢ ve ark. 2020). Kirmizi pancarin
yapisinda flavonoidler ve fenolik asitlerin bulundugu
bilinmektedir (Faggio ve ark. 2017; Bangar ve ark. 2022).
Kirmizi pancarin etli kismi1 %13 fenolik bilesik igerirken
kabuk kismi1 %50 fenolik bilesik icermektedir (Magbool ve
ark. 2021). Fenolik bilesikler, oksidasyon zincir
reaksiyonunun kirilmasina neden olan serbest radikallere
bir hidrojen atomu ve/veya bir elektron vermesi nedeniyle
antioksidan olarak kabul edilir ~ Aym zamanda
antimikrobiyal, antienflamatuar, antiproliferatif aktiviteler
gibi biyoaktiviteler gosterirler ve ¢esitli endiistriler
tarafindan biiyiik ilgi goriirler (Albuquerque ve ark. 2021).
Pigirme, vakum altinda kurutma vb. islemler gidadaki
toplam fenol degisimini etkiler (Pavlovi¢ ve ark. 2021).
Yapilan bir calisma sonucunda rendelenmis pancar ve
pancar suyunun uzun siireli soguk depoda kalmasiyla
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fenolik madde igeriginin azaldig1 bulunmustur (Czyzowska
ve ark. 2020).

2.3.1. Flavonoidler

Flavonoidler, 2-fenilkromanlar (flavonoller, flavonlar,
flavanonlar, flavan-3-oller, antosiyanidinler ve yogun
tanenler) ve 3-fenilkromanlar (izoflavonoidler) olarak ikiye
ayrilabilir (Kaurinovic ve Vastag 2019). Bitkilerin saplarini,
yapraklarini, g¢igeklerini ve meyvelerini renklendirmekten
sorumlu ikincil metabolitlerdir. Flavonoidler sari, turuncu,
kirmizi, mor ve mavi gibi gesitli renkler iiretebilir, ancak
bazilar1 renksizdir. (Székely ve Mate 2022). Pancarin
yapisinda bulunan flovonoid gruplart flavonlar ve
flavonollerdir (Faggio ve ark. 2017). Sar flavonlar ve
flavonoller antimikrobiyal ajan ve bocek tozlayicilarini
¢eken pigmentler olarak iglev gérmektedirler (Kaurinovic
ve Vastag 2019). Flavonoidler oksidatif strese karst
koruyucu rol oynayarak antioksidan etki gosterirler. Ayni
zamanda aterosklerozis, damar tikanmasi ve timor
olugmasina etki eden diisiik yogunluklu lipoproteinin (LDL)
yiikseltgenip bozulmasini da O6nlemekte yardimcidirlar
(Diiker 2017). Bunlarin yani sira flavonoid'in kanseri
onleme gibi giivenilir pozitif faydalarinin da dogrulandigi
bilinmektedir (Mutha ve ark. 2021).

2.3.2. Fenolik asitler

Fenolik asitler, meyveler, sebzeler, baharatlar, tahillar ve
icecekler gibi ¢esitli bitki kaynaklarinda bulunan biyoaktif
kimyasallarin en onde gelen sinifidir (Rashmi ve Negi
2020). Fenolik asitlerin iki ana grubu olan hidroksibenzoik
ve hidroksisinnamik asidin pancarda bol miktarda oldugu
bulunmustur (Bangar ve ark. 2022). Hidroksibenzoik
asitler; protokatekuik, gallik, vanilik, gentisik ve siringa
asitlerini igerirken, hidroksisinnamik asitler; kafeik,
sinapik, p-kumarik, o-kumarik, ferulik ve izoferulik asitleri
icerir (Zhang ve ark. 2019). Pancarda 50-60 mmol/g fenolik
asit igerigi saptanmistir (Kathiravan ve ark. 2014).

Fenolik asitler, terapotik, kozmetik ve gida endiistrilerinde
diizenli olarak kullanilir. Aym1 zamanda antioksidan,
antimikrobiyal, antibakteriyel, antikanser ve anti-
inflamatuar etki gosterdikleri bilinmektedir (Kumar ve Goel
2019). Fenolik asitlerin radikal yakalama kapasitesi icin
onemli oldugu ve antioksidan aktiviteyi azalttig1
belirtilmektedir (Kaurinovic ve Vastag 2019). Yapilan bazi
caligmalarda fenolik asitlerin kansere karsi koruyucu
etkisinin oldugu da belirtilmektedir (Kiokias ve ark. 2020).
Fenolik asitten zengin beslenmenin bazi alerjilere karsi
koruma sagladigi ve Alzheimer hastaligini yavaslattig1 da
bildirilmistir (Shahidi ve Ju Dong 2018).

2.4. Inorganik nitrat

Diyetle alinan nitrat agizdaki bakteriler tarafindan nitrite
daha sonra ¢esitli reaksiyonlarla nitrik oksite indirgenir
(Carlstrom ve ark. 2018). Nitrik oksit (NO), viicutta
mitokondriyal solunum, vazodilatasyon, anjiyogenez ve kas
glikoz alimina katkida bulunur (Wong ve ark. 2021). Yumru
kokii ve yesil yapragi bulunan sebzeler, nitratin ana
kaynagidir (Aydin ve ark. 2019). Kirmiz1 pancarin
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iceriginde de nitrat bulunur ve nitrat bulunma oranlari
¢oktan aza dogru sirastyla yaprak sapi, yaprak, gévde, kok,
yumru, sogan, meyve ve tohum seklindedir (Akan ve ark.
2021). Kirmizi pancarin inorganik nitrat igerigi 250 mg/100
g olarak bilinmektedir (Capper ve ark. 2020). Pancar
suyunun da ¢ok yiiksek miktarda nitrat (964 mg/L) i¢erdigi
ve pancar nitratlarinin  yetiskinlerde hipertansiyonun
diisiiriilmesinden sorumlu oldugu bulunmustur (Mereddy
ve ark. 2017). Kirmiz1 pancardaki inorganik nitratin endotel
fonksiyonunu iyilestirdigi ve kardiyovaskiiler hastaliklari
onlemede yardimci oldugu da bildirilmistir (Bahrami ve
ark. 2021). Diyetle inorganik nitrat alim1 dolasimdaki nitrik
oksit  diizeylerini artirarak kas kasilmasinin = ve
mitokondriyal solunumun iyilesmesine fayda saglamistir
(Capper ve ark. 2020).

2.5. Vitamin ve mineraller

Kirmizi pancar suda ¢o6ziinen vitaminler bakimindan
zengindir ve 100 graminda K vit. 280 mg, C vit. 10.01 mg,
A vit. 2 pg, B1 vit. 0.031 mg, B2 vit. 0.027 mg, B3 vit.
0.331 mg, B5 vit. 0.145 mg, B6 vit. 0.067 mg, B9 vit. 80
pg seklinde bulunmaktadir (Akan ve ark. 2021). A ve K
vitamini agisindan yiiksek olan pancar yapraklar
tiiketilerek kan basinci diisiiriilebilir (Bangar ve ark. 2022).

Pancar kokleri, Mn, Mg, K, N, P, Fe, Zn, Cu, Br ve Se
igeriginden dolayr iyi bir mineral kaynagidir (Ceclu ve
Nistor 2020). Pancarin 100 graminda 16 mg Ca, 325 mg K,
23 mg Mg, 40 mg P, 0.80 mg Fe, 78 mg Na, 0.35 mg Zn
bulunmaktadir (Akan ve ark. 2021). Pancar yapraklarinin
roka ve su teresine benzer sekilde yiiksek bir Cu
konsantrasyonuna  (13.42 mg/kg) sahip oldugu
bulunmustur. Pancarin yiiksek bakir igerigi viicudun demir
emilimine yardimc1 olur, bu nedenle ates ve kabizlig tedavi
etmek i¢in kullanilir (Bangar ve ark. 2022).

4. Antioksidan Ozellikleri

Bitkiler genellikle antioksidan &zelliklere sahip birgok
bilesen igerir. Antioksidanlar, viicutta serbest radikallerle
savasarak  oksidatif stresi azaltabilen bilesenlerdir
(Mohammed ve ark. 2018; Dogan ve Emsen 2018; Jamshidi-
Kia ve ark. 2020; Dogan 2020; Goldag ve ark. 2022; Shinde
ve Pawar 2023; Erkorkmaz ve ark. 2023; Tokgoz ve ark.
2023). Kirmiz1 pancar, antioksidan 6zelligi agisindan en
gliclii on sebze arasinda yer alir. Sadece mineraller, besinler
ve vitaminler agisindan zengin olmakla kalmayip aym
zamanda ¢esitli tibbi  Ozelliklere sahip benzersiz
fitobilegenlere sahip oldugu i¢in mitkemmel bir besin
takviyesidir (Masih ve ark. 2019). Avrupa'da genellikle gida
olarak tiiketilen dogal gida boyasi ve tibbi bitki olarak
kullanilan kirmiz1 pancar, antioksidan bilesiklerin harika bir
kaynagidir ve suda ¢Ozlinlir nitrojen igeren nitrat
bakimindan zengin bir bitkidir (Shaban ve ark. 2021).

Pancar rengini, topluca betalainler adiyla bilinen mor ve sar1
pigmentlerinden almaktadir. Kirmizi pancarda bulunan tek
antioksidan  bilesikler betalainler degildir. Pancar,
miikemmel antioksidanlar olarak da bilinen rutin, epikatesin
ve kafeik asit gibi yiiksek oranda biyoaktif fenolikler igerir
(Masih ve ark. 2019). Kirmizi pancarin toplam fenolik
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madde igeriginin arastirildig bir caligmada 6zellikle kirmizi
pancar Oziitinde ve kabugunda farkli sebzelerle
kiyaslandiginda fazla oranda fenolik madde olduguna
rastlanilmigtir (Okumus 2016). Kirmizi pancar fenolik
asitler ve flavonoidler fenolik bilesiklerin en iyi
kaynaklarindan biridir. Bu bilesikler, bitki biiylimesi ve
gelismesi i¢in gerekli olan bitkiye patojenlere ve avcilara
karst koruma saglayan ve antioksidan, antimikrobiyal,
antiinflamatuar, antialerjenik, antitrombotik, antiaterojenik,
kardiyoprotektif ve vazodilator ozelliklerle iliskili ikineil
metabolitlerdir (Kumar ve Brooks 2018).

Betalainler, iyi bir polifenoller, mineraller ve vitaminler
kaynagidir (Shaban ve ark. 2021). Betalain potansiyel bir
nutrasotik olarak kabul edilir. Betanin'in yiiksek antioksidan
aktivitesi, olaganiistii elektron bagislama kapasitesinden ve
hiicre zarlarin1 hedef alan oldukga reaktif radikalleri etkisiz
hale getirme yeteneginden kaynaklandigi tahmin
edilmektedir (Masih ve ark. 2019). Betalainler, yiiksek
antioksidan igerigine sahip olan dondurma, sarap, recel,
marmelat ve yogurt gibi farkli besinleri renklendirmek
amaciyla kullanilmaktadir (Akan ve ark. 2021). Betalain,
anti-kanser, antimikrobiyal, anti-lipidemik ve antioksidan
gibi farmakolojik aktiviteleri nedeniyle insan sagliginda
hayati bir rol oynamaktadir (Naseer ve ark. 2019).

Yogurda pancar ekstrat1 ilave edilerek yapilan bir caligmada
farkli  tasiyict  ajanlarla  kapsiillenmis  yogurdun
fizikokimyasal 6zellikleri, rengi, betalain, polifenol igerigi
ve antioksidan kapasitesi iizerindeki etkisi incelenmesi
sonucunda yogurdun fonksiyonel 6zelliklerini artirmak i¢in
yogurda pancar ekstraktlarinin eklenmesiyle antioksidan
aktivitesi onemli dl¢lide artirilmistir. Burada betalainler ve
diger polifenoller, s6z konusu biyoaktiviteden sorumlu ana
bilesiklerdir (Flores-Mancha ve ark. 2021). Kirmiz1 pancar
ayrica yiiksek konsantrasyonlarda ikincil metabolitlere
(fenolik asitler, flavonoidler, askorbik asit) sahiptir (El-
Beltagi ve ark. 2018). Bu bilesiklerin gii¢lii antioksidan
ozellikleri, metal baglama ve serbest radikal tutma
Ozellikleri vardir (Babagil ve ark. 2018).

Kirmizi pancar suyundaki karotenoidlerin, vitaminlerin ve
Ozellikle C  vitamininin bilesiklerinin  antioksidan
aktiviteleri vardir bu nedenle kirmizi pancar oksifatif strese
kars1 hiicresel bilesenler i¢in koruyucu bir role sahiptir ve
cesitli hastaliklar icin klinik sonuclart iyilestirebilir (Shaban
ve ark. 2021). Bunlar arasinda koroner kalp hastaliklar
riski, kan basmcini diisiirmek ve iltihab1 azaltmak olarak
siralanabilir. Pancar suyunun bu o&zellikleri sebebiyle
sporcular tarafindan kullanim popiilaritesini artmistir
(Eroglu 2020). Pancar tozunun yiiksek performansli sivi
kromatografisi ile incelendigi bir caligmada pancar tozunun
zengin ham lif kaynagi, toplam fenolikler, flavonoid
bilesikleri ve antioksidan aktivite icerdigi gozlemlenmistir
(Alshehry 2019). Son arastirmalar, pancar kokii alimimin
yararli fizyolojik etkiler gosterdigini ve hipertansiyon,
ateroskleroz  gibi  ¢esitli  patolojileri iyilestirdigini
kanitlamistir ve gidalardaki antioksidan bilesiklerin sagligi
koruyucu bir faktér olarak 6nemli bir rol oynadigini
gostermektedir (Shaban ve ark. 2021; El-Beltagi ve ark.
2018).
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5. Baz1 Saghk Faydalari
5.1. Hipertansiyon iizerine etkisi

Kirmiz1 pancar takviyesi kan basincini diislirmek icin kolay,
erisilebilir, giivenli ve kanita dayali bir strateji olabilir.
Pancar suyu uygulamasindan sonra kan basincindaki
potansiyel azalma, serebrovaskiiler hastaliklar i¢in 6liim
oranindaki azalmaya katkida bulunmaktadir. Yapilan
¢alisma sonucunda pancar suyu takviyesi hem saglikli hem
de kardiyovaskiiler riski olanlarda sistolik kan basinci ve
diyastolik kan basinci degerlerini diisiirme konusunda
biiyiik bir potansiyele sahip oldugunu gostermistir (Bonilla
Ocampo ve ark. 2018). Pancar suyu nitrat acisindan
zengindir ve kan basincini diisiirme potansiyeline sahiptir.
Nitrat nitrik oksit dretimi igin bir Oncidiir ve kan
dolagimindaki  konsantrasyonlarin1  artirarak  endotel
fonksiyonunu optimize eder (Benjamim ve ark. 2022). Son
yapilan arastirmalar, hipertansiyonu durdurmak i¢in diyet
yaklagimi gibi diyet modellerinin yararli yiiksek tansiyon
diistiriicii etkilerini, inorganik nitrat aliminin artmasina
baglamaktadir. Baska bir ¢alismada ise 16 denemenin yakin
tarihli bir meta-analizi sonucu, inorganik nitrat ve pancar
suyu takviyesinin sistolik de dnemli bir azalma ile iliskili
oldugunu, oysa diyastolik yiiksek tansiyon i¢in anlamli bir
etki gozlenmedigini gostermistir (Jajja ve ark. 2014).
Bununla birlikte, bu tiir beslenme yaklasimlar1 dnerilmeden
once, inorganik nitratin uzun vadeli etkinliginin,
miidahalelerin toleransi, giivenligi, uyumlulugu ve maliyet
etkinliginin degerlendirilmesiyle birlikte daha yiiksek
kardiyovaskiiler risk altindaki kisilerde test edilmesi gerekir
(Siervo ve ark. 2013).

5.2. Diyabet iizerine etkisi

Kirmizi pancar tiketimi, bir dizi saglik yarar ile
iligkilendirilmistir. Yakin zamanda yapilan bir g¢alisma,
neobetaninden zengin pancar suyu tiketimini takiben,
yemek sonrasi glikoz ve insiilin tepkisinde orta derecede bir
azalma oldugunu gostermistir. Hem glikoz hem de insiilinin
azaltilmasinin, tip 2 diyabet riskini azaltma agisindan yararl
oldugu disiiniilmektedir (Chang ve ark. 2018). Yapilan bir
calismada ise nitrat rediiktaz aktivitesinin inhibisyonunun
sadece glikoz ile birlestirilmis pancar suyuna yonelik
metabolik tepki istegini azaltmakla kalmayip, ayni zamanda
obez bireylerde insiilin direncini ve gizli insiilin
duyarliligin1 destekledigi de ortaya cikmistir (Beals ve ark.
2017). Kirmizi pancarin glukoz diistiriicii etkisinden
sorumlu tek bilesen betalainler degildir. Buna ek olarak
flavonoidler, apigenin, luteolin, kuersetin, kaempferitrin ve
epikatesin de aktif bilesenler de katilir. Ayrica protein
glikasyonunda, glikatif iiriinlerde azalma, insiilin {ireten
hiicrelerin yeniden canlanmasi, hiperglisemiye bagh
kardiyojenik fibrozis ile miicadele, insiilin {ireten hiicrelerin
hem say1 hem de salgilanma hacminde artis, inhibisyon
dahil olmak iizere bir¢ok etkisi vardir (Hadipour ve ark.
2020).

5.3. Antimikrobiyal aktivitesi

Pancarin  antimikrobiyal potansiyeli, ¢esitli bulasict
hastaliklar1 tedavi etmek icin bir bitki olarak kullanilmasi
sayesinde  belirlenebilir.  Antimikrobiyal  potansiyel
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acisindan, gram-pozitif bakterilerin kirmizi pancarlara
gram-negatiflere gore daha duyarli oldugu bulunmustur
(Kumar ve Brooks 2018). Gram-pozitif bakterilerin pancar
ekstraktlarinin antibakteriyel etkisine karst daha duyarlt
iken gram negatif bakterilerin pancar ekstraktlarinin
antimikrobiyal etkisine kars1 direngli oldugu kaydedilmigtir
(Sporna-Kucab ve ark. 2023). Pancar ekstraktlari ve kirmiz1
pancardan elde edilen fitokimyasallar, renklendirici
Ozellikleri nedeniyle yaygin olarak kullanilmaktadir.
Bununla birlikte, 6zellikle insan saghgmi ve giizelligini
hedefleyen gida ile ilgili uygulamalarda ve tiiketici
tirtinlerinde  antimikrobiyal 6zelliklerinden yararlanma
konusunda c¢ok fazla potansiyel vardir. Ornegin, kirmizi
pancar bilesikleri, antimikrobiyal gida ambalajlar1 ve
kozmetik iiriinler gibi bircok {iriine ve ayrica hastaliga kars1
tedavi i¢in aktif ila¢ formiilasyonlarina dahil edebilmektedir

(Kumar ve Brooks 2018). Pancardaki polifenolik
bilesiklerin ekstraksiyon verimliligi mikrobiyal inhibitor
aktivite ile iligkilidir. Ciinkii  belirli  ekstraktlar

mikroorganizmalarin ve metabolitlerinin gelisimini inhibe
edebilen veya tesvik edebilen bu tiir bilesiklerden olusur.
Pancar metanol ve etanol ekstraktlarinda farkli antioksidan
bilesikleri vardir. Metanol ekstraktlarinin 1-dodekanamin,
n,n-dimetil agisindan zengin oldugu bulunurken, etanol
ekstraktlarinin daha yiiksek konsantrasyonlarda oksiran,
heksadekanoik asit ve n-hekzadekanoik asittir bulunur
(Bangar ve ark. 2022).

5.4. Kanser iizerine etkisi

Onemli antioksidan ve anti-inflamatuar aktivitenin yani
sira, kirmizi pancar fitokimyasallar1 hem i¢c hem de dis
apoptotik  yolaklarin  indiiklenmesi  yoluyla meme,
karaciger, kolon ve mesane kanseri hiicre dizilerinde anti-
proliferatif bir etki saglar. Betanin ise kanser hiicre hatlarina
karg1 in vitro anti-proliferatif etkiler gosterir (Babarykin ve
ark. 2019). Pancarin kanser olusumunu ve gelisimini
engellemesinin ana yollari; hiicre gogalmasini engellemesi,
apoptozu tegvik etmesi ve otofaji oldugu gorilmiistiir (Chen
ve ark. 2021). Betaninler ayrica bilinmeyen bir mekanizma
ile inflamatuar lezyonlara sizan nétrofillerin sayisin1 ve
timorlerde yeni kan damart olusumunu azaltir. Bu
gozlemler, betaninlerin inhibe edici mekanizmalarindan
birinin, inflamatuar lezyonlarda stromal elementlerin
gelisimini engellemek oldugunu gostermektedir. Betaninler
mutajenik degildir ve transforme hiicrelerin molekiiler
mekanizmalarini, oncelikle biiylime hizlarimi azaltarak ve
apoptozu indiikleyerek etkiler. Boylece, betaninlerin hem
timor ortamimi hem de timor hiicresinin  kendisini
etkiledigi sonucuna varilabilir (Lechner ve Stoner 2019).
Betalainler i¢in 6nerilen ilk antitiimér mekanizmasi; timor
hiicreleri ile ¢evre dokular arasindaki metabolit aligverisini
ve tiimor hiicrelerinin infiltrasyon kapasitesini engelleyecek
sekilde kesintiye ugratmasidir (Ninfali ve Angelino 2013).
Bir antikanser ilac1 (doksorubisin) ve kirmizi pancar 6zii
karigimi ile tedavi sonucunda meme ve prostat kanseri hiicre
dizilerinde sinerjistik bir antiproliferatif etki gosterdigi
gozlemlenmistir (Nikan ve Manayi 2019).
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5.6. Bobrek fonksiyonu iizerine etkisi

Pancar suyunun pozitif hipertansif ve hiperglisemik etkisine
ragmen, sinirli sayida ¢aligma bobrek koruyucu dzelliklerin
belirli bobrek parametreleri ile iligkisini kabul etmistir.
Yapilan c¢aligmalar sonucunda da kirmizi pancarin
iyilestirici etkisini dogrulamistir. Bobregin fonksiyonel
parametreleri {lizerinde faydali bir ek tedavi olarak
hipertansif kronik bobrek hasar1 ve diyabetik nefropati
hastalart dahil olmak iizere yiiksek risk gruplarinda
mortaliteyi azalttig1 goriilmiistiir (Mirmiran ve ark. 2020).
Kreatinin ve iire, bobrek hasari olan hastalarda bobrek
fonksiyonunun temel belirtegleridir. Kreatinin ve iire, esas
olarak viicuttan idrarla atilan metabolik atik tiriinlerdir. Bu
nedenle, klorpirifose maruz kalmanin ardindan bu
belirteglerin artan seviyeleri renal disfonksiyonu yansitir.
Serumda artmis kreatinin, azalmis glomeriiler filtrasyon
hizin1 yansitirken, yiiksek {tre, disfonksiyonel yeniden
emilimi gosterir. Kirmizi pancar ekstraktinin ile 6n tedavi,
serum kreatinin ve iire seviyelerinde klorpirifosenin neden
oldugu artiglart 6nemli Olglide azaltmistir. Bu durum,
kirmizi pancar ekstraktinin  membran  biitinliiglini
korudugunu ve biyobelirte¢lerin kana sizmasini sinirlayarak
bobrek koruyucu etkilere neden oldugunu gdstermistir
(Albasher ve ark. 2019). Kirmiz1 pancar bazli iceceklerin
gentamisin kaynakli bobrek stresini iyilestirmek igin
nefroprotektif etkileri degerlendirilmistir. Ozellikle bobrek
dokularindaki ve serum proteinlerindeki antioksidan
enzimler Onemli Olgiide iyilesirken, nefrotoksisite ile
indiiklenen siganlarda lipid peroksidasyonu, nitrik oksit, iire
ve kreatinin seviyeleri 6nemli Ol¢lide azalmistir. Ayrica,
histolojik degerlendirme, pancar igecekleri ile tedavi edilen
sicanlarda daha iyi bobrek portfoyii oldugunu gostermistir
(Butt ve ark. 2019).

5.7. Anti-inflamatuar etkisi

B. vulgaris anti-inflamatuar etkileri, siiperoksit anyonunun
ve proinflamatuar sitokinlerin {iretiminin inhibisyonuna
bagli olan ve artan sitokin salinimini igeren bir mekanizma
tarafindan yiritilir (Martinez ve ark. 2015). Betalainlerin
sitokinlerle giiclendirilmesi ile endotelyal hiicrelerde
hiicreler arasi hiicre adezyon molekiilii etkili bir bicimde
zorladig1 gosterilmistir. Ustelik betalainler, lipoksijenaz ve
siklooksijenaz enzimlerini engelleme kabiliyetini de
gostermigtir.  Bu  dogrultuda arasgtirmalarin  etkisi,
betalainlerin degisik serin ve tirozin kalintilann ya da
substrat  baglayict amino asitler ile  birbirlerini
etkilemeleriyle ortaya ciktigini gosterilmistir (Milton-
Laskibar ve ark. 2021). Pancar suyu, mitojen
fitohemaglutinin ve konkanavalin A ile uyarilmig
kiiltlirlerde, triptofan bozulmasini ve neopterin iretimini
inhibe  etmistir.  Ayrica  hiicreler daha  yiksek
konsantrasyonlarda meyve suyu ile muamele edildiginde
daha diisiikk bir neopterin konsantrasyonu elde edilmistir.
Pancar suyunun, mitojenle uyarilan periferik kan
mononiikleer hiicrelerinde triptofan ve neopterin iiretiminin
bozulmasina neden olan interferon-y'nin olusumu ve

salimmasi lizerinde baskilayici bir etkisi oldugunu
gostermektedir. B. vulgaris'in antioksidan Dbilesikleri
triptofan  degradasyonunun inhibisyonundan sorumlu
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olabilmektedir. Ciinkii reaktif oksijen tiirlerini detoksifiye
ederek ve reaktif oksijen tiirleri olusumunda bir azaltarak
etki edebilirler (Moreno ve ark. 2021).

5.8. Kardiyovaskiiler hastaliklar iizerine etkisi

Kardiyovaskiiler hastaliklarin gelisimi i¢in major bir risk
faktorii artmig kan basinci veya hipertansiyondur.
Epidemiyolojik kanitlar, meyve ve sebzeler agisindan
zengin bir diyetin kan basincini ve ardindan gelen
kardiyovaskiiler hastalik riskini azalttigin1 gostermektedir
(Jakubcik ve ark. 2021). Pancarin kardiyovaskiiler saglik
yararlari, yiiksek inorganik nitrat konsantrasyonuna
baglanir. Viicutta nitrat, vazodilatatér ve endotelyal
fonksiyon koruyucu olarak islev goren nitrit ve nitrik okside
doniistiiriiliir. Inorganik nitrat takviyesinin, sonucta endotel
fonksiyonunda iyilesmeye yol agan kan basincinin
diismesiyle sonuglanan periferik vaskiiler vazodilatasyona
neden oldugu goriilmiistiir. Ayrica kardiyovaskiiler durum
iizerindeki etkisine ek olarak, inorganik nitrat
miidahalesinin kan pihtilasmasi lizerinde de olumlu etkileri
oldugu goriilmektedir. Pancardan elde edilen inorganik
nitrat ekstresi, trombosit agregasyonunu azaltarak
ateroskleroz ve felci azalmigtir ve bunun sonucunda kalp
krizi riski de azalmistir (Bahrami ve ark. 2022). Yapilan bir
calismada koroner arter hastaligi olan hastalarda betalain
iceriginden zengin besin 6zleri ile takviyenin aterosklerotik
risk unsurlari ile ilgili potansiyel etkileri degerlendirilmistir.
Sonu¢ olarak homosistein, glikoz, toplam kolesterol,
trigliserit ve diistik yogunluklu lipoprotein
konsantrasyonunu onemli oranda diigiirdiigli gérilmiistiir.
Ustelik, betalain icerigi acisinda verimli takviyeler hem
sistolik hem de diyastolik kan basmcini diigiirmiistiir
(Rahimi ve ark. 2019).

5.9. Obezite iizerine etkisi

Obezite onemli saglik sorunlarindan biridir ve diinya
genelinde milyonlarca insanin sagligini etkileyen kronik
bulasict olmayan hastaliklarla dogrudan iliskilidir (de
Castro ve ark. 2019). Pancar, yiiksek lif igerigi ve diisiik yag
icerigi nedeniyle obezite i¢in iyi bir bilesendir (Farida
2021). Yapilan calismada elde edilen sonuglar, kirmizi
pancar yapragi takviyesinin, LDL diizeyi yiiksek olan
dislipidemilerin tedavisinde destek olarak
kullanilabilecegini diisiindiirmektedir. Ayrica katimlarin
viicut agirliklarinda ve BKi'lerinde énemli azalma oldugu
goriilmistir (de Castro ve ark. 2019). Adiposit Oncesi
farklilasmay1 engellemenin veya lipogenez siirecini kontrol
etmenin obezite igin etkili bir tedavi oldugu yaygin olarak
bilinmektedir. Pancar ekstresi pankreatik lipaz inhibisyonu
ile yag asidinin girisini bloke edebilir ve asir1 trigliserit
birikimini Onleyebilir. Ayrica preadiposit hiicre ve yag
globiillerini inhibe ederek antiobezite ve zayiflama ile
sonuglanabilir (Song 2021).

5.10. Iskelet kast iizerine etkisi

Nitrik oksit onemli bir sinyal molekiiliidiir. Kan akist
tarafindan gozden gegcirildiginde, iskelet kasi uyarim-
kasilmasi eslesmesi ve mitokondriyal biyoenerjetikler dahil
olmak fizere bir¢ok biyolojik siirecin diizenlenmesinde yer
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almaktadir. Ayrica kirmizi pancar suyu tiiketiminin kas
kasilmasi sirasinda ATP donisiimiinii azalttigi ve bunun
egzersiz sirasinda  oksijen tiiketiminde go6zlemlenen
zayiflamaya katkida bulundugu ifade edilmistir (Whitfield
ve ark. 2016). Pancar suyu alimi, iskelet kas giiclinii veya
maksimum gili¢ c¢ikisina ulagsmak i¢in gereken siireyi
artirmaktadir. Bdylece, pancar suyu spor performansini
cesitli mekanizmalarla gelistirebilir. Bunlar, iskelet kasinda
oksijen tiiketiminde bir azalma, kas bozulmasini azaltabilen
ve yorgunlugun baglamasini geciktirebilen anaerobik ve
aerobik solunum arasindaki gegiste hizlanma ve ayrica artan
gii¢ ¢ikist ve kuvveti igerir (Zamani ve ark. 2021).

6. Sonu¢

Kirmiz1 pancar genellikle gida amacghi kullaniimasinin
yaninda ilag, boya gibi farkli alanlarda da
yararlanilmaktadir. Kirmizi pancarin yapisinda bulunan
bilesikler ~ sayesinde biyoyararliligt da  yiiksektir.
Biyoyararhiligin yiiksek olmasi viicuda alinan besinlerin
kolay bir sekilde emilip viicut igin yararli etki gdstermesini
saglamaktadir. Kirmizi pancar igerdigi betalainler, fenolik
bilesikler ve karotenoidler sebebiyle antioksidan ve anti-
inflamatuar etkilere sahiptir. Bu etkiler sayesinde pancar
cesitli hastaliklarin rol oynamaktadir. Ayni zamanda
igeriginde bulunan inorganik nitrat da hastaliklarin
iyilestirilmesinde ve oOnlenmesinde etkilidir. Vitamin ve
mineral igerigi sayesinde viicutta gerceklesen cesitli
mekanizmalara yardimci olurlar. Tiim aktif maddeler ve
aktiviteleri klinik deneylerle dogrulanmamis ve ilgili
mekanizmalar da tam olarak aydinlatilamamistir ancak ucuz
ve diisiik toksik dogal fonksiyonel gida olarak uygulama
potansiyeli de kiigimsenmemelidir. Kirmizi pancarin
hastaliklar tizerindeki etkisini ve antioksidan aktivitesini
tespit etmek i¢in daha fazla deney ve calismaya ihtiyag
vardir.
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Abstract: Dropsy Syndrome (Tummy Cavity Oedema, Assist) fish are having trouble swimming, breathe, and has a bulging
tummy. Oedema occurs because the small blood vessels (capillaries) in your body leak fluid. Leaking fluid around the vein. It
accumulates in tissues and causes swelling. There are literatures that consider dropsy as a disease, but there are also literatures that
consider it only as a serious symptom. In this respect, it is an important disease case status and report worth investigating. Dropsy,
also spelled oedema, edema, and also known as fluid retention, dropsy, oedema, hydropsy and swelling, is build-up of fluid in body
tissue. Most commonly, tummy is affected. Symptoms may include skin which feels tight, area may feel heavy, and joint stiffness.
In dropsy case, we observed dangerous level loose scales in the fish body. The aim of this review is to examine dropsy syndrome
in fish. With dropsy syndrome that occur in visceral organs are internal septicemia, hyperplasia, telangiectasia, dermatitis, and
granuloma nephritis. The conclusion of this research, that vital importance Dropsy Syndrome.

Keywords: Dropsy Syndrome, Tummy Cavity Oedema, Dropsy, Assist, Fish Ailment, Clinical case

1. Introduction

Dropsy Syndrome (Tummy Cavity Oedema, ASSist,
Dropsy) is a critical finding that occurs in many diseases.
At the same time, this oedema problem encountered even
when there is no disease. Oedema is phenomenon of
extravasation of blood fluid and increase in fluid between
cells. Commonly this oedema form called ‘anasarca’. The
basic principle of phenomenon of oedema is the loss of
balance between blood fluid and extracellular fluid
Abdominal cavity intermembrane oedema
(hydroperitoneum, assist, ascites) occurs (Emmett and
Seldin, 1997; Scallan et al., 2010; Kumar et al., 2015;
Goljan, 2019; Freire et al., 2023). Bad water conditions can
trigger dropsy symptom in fish (Freire et al., 2023). Fluid
entering body begins to accumulate in visceral organs and
physical appearance created by this accumulation is called
"dropsy".

It is thought to be one of the underlying causes of dropsy.
Polycystic Kidney Disease (PKD) is a condition where fluid
filled cysts form on the kidney which leads to overall renal
failure. Zebrafish has been recently adapted to study PKD,
because of its powerful embryology and genetics. However,
there are concerns on conservation of this lower vertebrate
in modeling PKD (Koslow et al., 2023).

© EJBCS. All rights reserved.

In some cases of dropsy, constipation is also observed. With
overfeeding, digestive system swells and cannot digest, this
system becomes blocked. This situation does not develop
suddenly or quickly, but takes shape over time. Feeds are
either given in excess or feeding must be done at very
frequent intervals. Feces that hang from fish anus and
remains suspended for long time. There is also a color
change in this stool. In treatment and prevention; 30 minutes
in paraffin wax. Marinated shrimp meal and boiled spinach
are mixed with a small amount of live food and given orally.
The fish is treated in a separate environment and it is
monitored whether it takes food or not (Stokoe, 1966).

2. Dropsy Syndrome (Tummy Cavity Oedema)

Generally, most diseases cause excessive abnormal
accumulation of fluid in the peritoneal cavity, amounting to
almost half of the body weight. While neoplasia and chronic
organ failure are seen in older fish, blistering in young fish
is usually caused by acute infectious disease. Any disease
or condition that disrupts osmoregulation potentially creates
acid in the skin, independent of edema formation.
Aspirating a few cc of fluid will shed light on the underlying
causes, but aspirating the entire fluid surgically will be more
revealing. Care should be taken when aspirating fluid.
Excessive fluid may accumulate in the ovaries, resulting in
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ovarian neoplasia. Additionally, at the point when the fish
is removed from the water, edema fluid will flow passively
from the genital pores (Wildgoose, 2007).

Contrary to popular belief, a dropsy problem is not a
disease. Dropsy is actually used to describe a condition in
which external symptoms occur, rather than disease.
Tummy of body due to water intake may be because of
infection ailment or organ failure. This unchecked water
increase also must be needs to come out of body, if this
water does not come out, body of fish begins to absorb water
and result can be fatal. Kidneys are responsible for excreting
water (Sen and Mandal, 2018). Also, dropsy is a syndrome.
And this syndrome should not be confused with Bloat
Disease.

3. Dropsy symptoms

Symptom of excessive is water retention in the body.
Abdomen more swollen in contrast to its normal roundness.
According to clinical symptoms, look weak and swim on
surface, difficulty in breathing, and swollen stomach,
decreased appetite, bruises on fins and tail, kidney has
hemorrhage purpura widely (Rahmaningsih, 2012).

Depending on the underlying cause of kidney and gill
malfunction, you may see a variety of physical symptoms.
Dropsy isolated condition, is associated with various forms
of swelling. Symptoms are oedema tummy, protruding
scales, exophthalmia in eyes sockets (eyes trauma), pale
gills, increased respiratory rate, oedema anus, redness skin,
redness fins in fish body.

It is frequently associated with exophthalmia due to
retrobulbar effusion, which may be unilateral or bilateral
(Lewbart et al., 1998)

4. Dropsy cases circumstance

Urogenital diseases in fish vary according to fish species.
This excess fluid is removed from the body through surgery.
Another reason for swelling is that ovulation occurs late in
the ovulation season, or no ovulation is observed. These
eggs remain in the creature's abdomen or abdominal cavity
and rot. As a result of this decay, swelling is observed. In
this case, it can encourage fish with the case to spawn by
giving hormones. There may be many environmental
reasons that may prevent the kidney from working properly.
Other reasons, whether caused by an infection or not, may
also cause the kidneys to stop working. Additionally, this
may be due to stress of fish (Guardiola et al., 2014).

Kidney failure most commonly observed in fish. PKD
causes kidney failure its breakdown by fluid-filled cysts.
Swimming disorders may also occur due to PKD. Swollen
kidneys compress and displace swim bladders, and this case
may fish not be able to even swim. When dropsy occurs in
fish, diagnosis of PKD can made by your veterinarian by
ultrasound or needle aspiration (Koslow et al., 2023).

In a case, cause ailment by Vibrio anguillarum, most
damage was detected in the kidney tissue. In
histopathological examination, necrosis in interrenal
hemopoietic tissue cells, glomerular oedema, tubular
oedema and degeneration in tubule epithelial cells and small
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hemosiderin accumulations were detected in the kidney
tissue of the sick fish. Oedema is a problem in many similar
infectious diseases. Treatment is also a symptom that needs
attention. Otherwise, it may cause a secondary infection.

In the kidney, sexual dimorphism in gene expression
patterns, transporters, responses to injury, as well as PKD
progression has been reported (Veiras et al. 2017; Laouari
et al., 2022; Neugarten and Golestaneh, 2022). It disrupts
the function of organs. In some serious cases, it even causes
multiple organ failure.

Although it is said that PKD is caused by parasites, no
parasite species have ever been found in living things or in
the environment. In some cases, the disease goes away on
its own; It has been observed that some of them disappear
with hyperosmotic treatment. These observation rates are
quite low. Generally speaking, there is no treatment for
PKD (Rizkiantino et al., 2023).

5. Dropsy diagnosis

Clinical examination of fish with tummy oedema is
frequently limited but using gentle palpation differentiate
between presence of fluid or solid mass in tummy.
Ballottement can be used to detect mass within fluid-filled
tummy cavity (Roberts and Pearson, 2005).

Laparoscopy and laparotomy are uses in some tummy cases
(Nagy and James, 1989). Diagnostic imaging is a surgical
tool in the diagnosis of fatal or non-fatal abdominal edema
in fish. Magnetic resonance imaging and computed
tomography devices are used for abdominal lesions. It
requires anesthesia so that radiography can show gas and
space-occupying lesions within the body cavity. The gas-
filled swim bladder and internal organs are examined with
an ultrasonography device. In continuation of the
examination of internal organs, examinations are also
carried out for vital changes in tissue density and in the
abdomen and its surroundings where abnormal fluid has
accumulated (Lewbart et al., 1998; Wildgoose et. al., 2007).
The subject of molecular examination of fluid taken from
the abdomen is included in some literature.

6. Dropsy prognosis

Since it is a symptom and not a disease, dropsy is dependent
on the state of a fish underlying disease and will resolve if
that disease can be successfully treated. Dropsy can be fatal
due to advanced stage of underlying disease causing
excessive turgescing that leads to organ failure (Peitzman
2007).

7. Dropsy treatment

All fish with dropsy should quarantined immediately. A
simple change of water and environment can eliminate all
symptoms. If symptoms persist in when creature is returned
to the main marin environmental, this indicates that there is
a hidden stressor in the marin and must be eliminated
(Vajargah, 2022).

Spontaneous recovery rarely occurs. For fish that continue
to eat, the amount of feed is reduced. No feed changes are



N Filik.

made. Vitamin C supplementation is given. Antibiotic feeds
are soaked and given. Metronidazole 1 tablet / 50 It, 50% of
the water changes after 24 hours. The same dosage is
repeated, waited for 3 days, and if the swelling does not
subside, repeat (Pal and Lal, 2023).

8. Result and discussion

In a manuscript, Koslow et al., 2023 reported that decided
to take two approaches to assess conservation of zebrafish
for PKD study. First approach, researchers assessed
molecular conservation by querying how many cystic
kidney disease genes have their corresponding zebrafish
homologs. And researhers found that out of 82 genes that
cause renal cysts, zebrafish have homologs for 81 of these
genes. Second approach, reserarchers compared gene
expression between male and female fish kidneys and noted
obvious differences. Among the differentially expressed
signaling pathways, researchers noted a remarkable 37.9%
similarities to a previously established rodent PKD model.
Together, the point in question studies indicate zebrafish a
valuable model for studying PKD.

William H. Wildgoose 2007 reported that A Clinician’s
Approach to Internal Disorders of Fish: Abdominal
Swelling topic manuscript explained tummy oedema and
diseases related to this symptom essential points. Although
the example of zebrafish kidney problem is generally given
as a case in this review article, dropsy causes serious
dangers for every fish.

Severe edema was observed in the lamellar epithelium, gills
(Kiigiik, 2019), between cells, pericardial region, and yolk
sac, toxicity and teratogenicity (Turhan, 2023). Pericardial
edema and yolk sac oedema are observed more frequently
than other types of malformations (Ugar and Atamanalp,
2008).

Although several experience specific disease problems most
cases of tummy oedema must be enguired in a systematic
manner due to different underlying causes. However, in
many disesase cases, both surgical treatments and medical
attentions are often unrewarding. In case euthanasia is
frequently the best option for affected fish.

Based on the case examples of researchers explained in
discussion, it is recommended in this review article to
investigate the factors underlying dropsin at a more
molecular level. Also, oedema supports the claim regarding
toxicity and teratogenicity.

Although dropsy-infected seems like a problem that can
solved with surgery, underlying cause must investigate.
Uncontrolled fluid accumulation in symptom of dropsy
adversely affects internal organs and can be fatal in
persistent cases.
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