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ABSTRACT Meme kanseri tedavisinde yeni bir yaklagim:
Cancer is one of the most prevalent diseases in the world. Breast . hedefe 6zgii nanotastyici sistemler

cancer is the second most deadly cancer type after lung cancer. 0z

Surgical intervention, chemotherapy, and radiotherapy are the } ) o

most used conventional methods in the treatment of breast Kanser, diinyadaki en yaygin hastaliklardan biridir. Meme
cancer. The non-targeted approach of conventional treatments kanseri, akciger kanserinden sonra ikinci en dliimciil kanser
causes serious side effects in healthy cells and tissues, and often tirtidiir. Cerrahi miidahale, kemoterapi ve radyoterapi meme
mortality is due to the side effects of these conventional kanseri tedavisinde en ¢ok kullanilan geleneksel yontemlerdir.

treatments. In recent years, nano-sized particles called drug
delivery systems targeting cancer cells have attracted attention
as a new approach to cancer treatment. The fact that these
nanocarrier systems target tumor cells without damaging

Konvansiyonel tedavilerin hedefe yonelik olmayan yaklagimu,
sagliklt hiicrelerde ve dokularda ciddi yan etkilere neden olur
ve mortalite genellikle bu geleneksel tedavilerin yan

healthy tissues has been a hope for breast cancer. Moreover, etkilerinden dolayr ger¢eklesmektedir. Son yillarda kanser
nanocarriers are unique biomaterials that may exhibit low hiicrelerini hedef alan ilag tasiyict sistemler adi verilen nano
toxicity, high biocompatibility, biodegradability, ease of use, boyutlu partikiiller kanser tedavisinde yeni bir yaklagim olarak

high dose drug loading, and adjustable surface functionalities.
In the present study, we summarize recent studies of
nanocarriers that offer a critical review of an alternative strategy
to breast cancer therapy.

dikkatleri iizerine ¢ekmektedir. Bu nanotasiyict sistemlerin
saglikli dokulara zarar vermeden tiimor hiicrelerini hedef
almas1 meme kanseri tedavisi i¢in umut verici bir yaklagimdir.
Ayrica nanotastyicilar, diisiik toksisite, yiliksek biyouyumluluk,
biyobozunurluk, kullanim kolaylig1, yiiksek doz ilag yiikleme
Keywords: Drug delivery systems, breast cancer, ve ayarlanabilir ylizey islevleri gosterebilen benzersiz
nanocarriers, nanoparticles. biyomalzemelerdir. Bu ¢alismada, meme kanseri tedavisine
alternatif bir yaklasim sunan nanotastyicilarin son ¢alismalarini
elestirel bir analizle 6zetledik.

Anahtar Kelimeler: Ilag tasiyici sistemler, meme kanseri,
nanotastyicilar, nanopartikiiller.
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1. INTRODUCTION

Cancer is a complicated disease resulting from the
uncontrolled division and proliferation of malignant cells
under the influence of genetic and environmental factors,
potentially spreading to or invading various parts of the
body. The World Health Organization estimates 18
million new cancer cases worldwide in 2018, and 10
million cancer deaths are expected. It is estimated that the
number of new cases will be 29-37 million, nearly double
the global burden for 2040.

Lung cancer is the most diagnosed cancer type (11.6%)
and has the highest mortality rate, followed by breast
cancer (11.6%), mostly seen in women, followed by
colorectal cancer (10%). Relative to both sexes, the
incidence of breast cancer, the second most common
cancer, is only 1% in men (Figure 1). The survival rate of
breast cancer, which has a higher incidence in women,
depends on early diagnosis, and it is estimated that this
rate will be 5 years after the diagnosis in advanced breast
cancer cases, in the light of research.’

Age, gender, hormone therapy’, environmental
conditions, hereditary variables, and consuming habits®
5 are all risk factors for the development and spread of
breast cancer. Breast cancer incidence increases with age,
it is less common in developed than in developing
countries,” and the risk are higher in people who consume
alcohol® and cigarettes, considering their consumption
habits. Some studies reveal a link between hormone
therapy and an increased risk of breast cancer. Therefore,
hormone therapy has a higher possibility of having breast
cancer. Statistical data show that the survival rate is still
below 25 percent in the last 5 years of breast cancer
treatment. "’

Surgical intervention, chemotherapy, and radiotherapy,
the so-called conventional methods of treatment, or a
combination of these methods have been preferred for
many years in the treatment of breast cancer. Surgical
resection, i.e., removal of the entire breast to remove the
tumor, is stressful for the patient both physically (due to
the loss of the existing organ or tissue) and
psychologically and aesthetically. Chemotherapeutic
agents used in conventional chemotherapy cause
controlled death of rapidly growing and proliferating
cancer cells through different pathway mechanisms,
including the destruction of the cell membrane, damage
to cell integrity, inhibition of DNA synthesis, and
impairment of mitosis.® The main disadvantage of the
agents used in chemotherapy is that they have toxic
effects on healthy cells and tissues due to their non-
selectivity. They can also cause unexpected and
undesirable negative side effects such as nausea and loss
of appetite.” Serious side effects of chemotherapeutic
drugs on healthy tissues and organs increase the death
rate in cancer. Because of the low absorption of these
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medications at the tumor site, greater doses are required,
resulting in increased toxicity and multidrug resistance in
normal healthy tissues and cells. As a result, it is
preferable to create chemotherapeutic drugs that target
cancer cells to minimize adverse side effects.’

Over the past two decades, work in nanotechnology has
profoundly impacted clinical therapeutics in general.
Nanoscale drug delivery systems have the potential to
solve some of these issues by reducing toxicity in normal
cells and increasing therapeutic efficacy due to features
such as active cellular uptake, increased permeability,
and retention effect.'” Cancer chemoresistance is a
phenomenon that occurs when cancer cells that were
originally inhibited by an anticancer agent develop
resistance to that drug after some time. Therefore, there
is a need for new, more targeted drugs to prevent cancer
development, suppress side effects, and relieve pain
caused by chemotherapy.'!

Nanocarriers (NCs) or drug carriers are currently being
prepared from organic and inorganic compounds,
proteins, lipids, and synthetic polymers for the
improvement of cancer therapeutics. When compared to
direct delivery of chemotherapeutic drugs, medication
encapsulation in a carrier has various advantages, such as
circulatory disruption protection, improved drug
solubility, increased drug stability, targeted drug
delivery, and reduced toxic side effects.'” Liposomes,
mesoporous silica NCs, viral NCs, polymer-, metal-, or
carbon-based NCs have been explored in breast cancer
therapy to date."*!'* Various techniques such as
encapsulation, covalent or electrostatic bonding, and
adsorption are used to load drugs into NCs, again
depending on the NCs.'> NCs enable easy transport of
poorly soluble, hydrophobic drugs in the blood and make
cancer therapeutics biocompatible.'® At the same time,
they are nanoscale particles that enable slow release of
the drug, target cancer cells, increase permeability, and
are nontoxic and biodegradable.!”

In in vitro breast cancer studies, many targeted NC
systems were investigated using breast cancer cell lines
with different characteristics.'”® At the same time,
doxorubicin (Dox), which is highly chosen in the
treatment of many cancers, has been widely used as a
reference agent and therapeutic agent in drug delivery
systems. The other chemotherapeutics (trastuzumab,
cisplatin, paclitaxel (PTX), carboplatin, anastrozole,
fulvestrant, etc.) have been studied in phase 2 phase 3
clinical trials. In addition, combination studies have
investigated the synergistic effects of these
chemotherapeutic agents against breast cancer when used
together.'*2

Concentrations of drugs used in the treatment of breast
cancer without the use of a drug delivery system require
pharmacologically higher doses than concentrations of
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drugs loaded into targeted drug delivery systems. The
usage of targeted drug carriers could greatly reduce the
side effects and serious damages caused by non-targeted
chemotherapeutic drugs in healthy cells and tissues.
Therefore, combination therapy and NCs have the
potential to reduce damage to healthy tissue and cells.
NCs are also important in combination therapies, where
different drugs are used together, or in treatments that use
oligonucleotides, as they respond to the need to transport
drugs to the target without degradation.*

2. BIOMARKERS

A biomarker is a valuable tool for disease diagnosis and
treatment in the clinic. Cancer cells are targeted by
utilizing molecular recognition markers in breast cancer
treatment. The use of biomarkers to target drug delivery
can increase the target specificity of therapies for cancer
cells by reducing toxicity to healthy cells. Moreover,
several biomarkers have been linked to the beginning and
progression of BC. Progesterone receptor (PR), estrogen
receptor (ER), and human epidermal growth factor
receptor (HER2/ERBB2) are the most common BC
biomarkers. While ER overexpression is found in most
breast tumors, HER2 overexpression is found in about a
quarter of them.”® Triple-negative breast cancer (TNBC)
is a tumor that does not express ER, PR, or HER2.20?7 As
a result, these biomarkers have been used in the
classification of BC and the development of novel
treatments based on target ligands.

2.1. HER 2

HER?2 is a transmembrane glycogen protein with three
distinct regions. HER1, HER2, HER3, and HER4 are the
four proteins that constitute the HER family. HER2 is the
only receptor without a known ligand, yet it aids cell
proliferation by dimerizing with three other members of
the family.”® N-terminal extracellular domain, which is
separated into subdomains, makes up the majority of
HER2 (I-1V). Homo-dimerization and
heterodimerization are controlled by cysteine-rich
subdomains IT and IV.*® Subdomain II's dimerization arm
emits dimerization. Pertuzumab and trastuzumab, both
monoclonal antibodies, have been found as dimerization
inhibitors. They attach to HER2's dimerization arm and
inhibit signaling, preventing dimerization with other
family members, which slows cell proliferation.’

2.2. ER

ERs can be found both intracellularly and in the
membrane of BC cells. Most breast tumors are ER+, and
ER+ type BC can affect both premenopausal and
postmenopausal women. For ER+ breast cancers,
tamoxifen is the most prescribed antagonist. Tamoxifen
does not directly target adipose tissues, so targeted drug
release of NPs is critical.* Dreaden et al. revealed the
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delivery of tamoxifen-conjugated NPs to ERs.*' The
nanoparticles increased the efficacy of tamoxifen 2.7
times compared to the free drug. Li and colleagues
demonstrated a polymer-based NP-based tamoxifen
delivery system into ER+ BC cells with dramatically
lower cytotoxicity than healthy cells.*?

2.3. PR

PR is a steroid hormone receptor that mediates
progesterone. PR plays a role in lobuloalveolar
differentiation.® They are used in clinical practice to
identify patients with invasive BC who may benefit from
various types of endocrine therapy. It is employed as a
predictor for all therapy phases, including adjuvant and
neoadjuvant.**

2.4. TNBC

Targeted drug delivery is more difficult because 15% of
breast cancers lack ER, PR, or HER2. 2. Although basal
type cancers account for 85 percent of TNBC, not all
basal type tumors are triple-negative. TNBC-like tumors
with no ER, PR, or HER2 expression are known as basal-
type cancers.”> However, specific protein alterations may
occur in basal-type cancers not seen in TNBC. Many
solid tumors, including breast cancer, express folic acid,
transferrin, arginylglycylase particulate acid (RGD), and
epidermal growth factor receptors (EGFR). Wu et al.
devised a drug delivery system mediated by RGD ligand-
conjugated NPs that exhibited better cellular absorption
in MDA-MB-231 cells than the untargeted system.*
Furthermore, treating TNBC with a combination of
therapeutic drugs at the same time has been demonstrated
to be more effective. Both in vitro and in vivo, the
approach has shown effectiveness in suppressing cell
growth.?7-%

3. TARGETING LIGANDS FOR BREAST
CANCER THERAPY

For active targeting of breast cancer cells, various
approaches and techniques are currently available
monoclonal antibodies were previously used to target cell
surface epitopes. The number of possible ligands for
targeted BC therapy has significantly increased due to
additional research and comprehensive screening of
peptide and aptamer archives.” Antibodies, peptides,
aptamers, oligosaccharides, and small molecules are
among the ligands now in use.*** This new targeting
strategy includes a form of chemical recognition that
triggers the binding of ligand receptors. The NPs can be
selectively fixed to the tumor cell's surface thanks to this
conjugation.

Previous research has also demonstrated this potential
binding and the efficacy of these NPs in vitro and in
vivo.***% For example, when NPs connect to a targeted
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ligand, they often internalize more quickly and undergo
receptor-mediated endocytosis.*’*** The binding affinity
of the ligand is raised because of definite conjugation,
resulting in more effective receptor-mediated
endocytosis. Monoclonal antibodies conjugated with
complete NP families like superparamagnetic iron oxide
nanoparticles* quantum dots,*” and liposomes®' have
been used in numerous investigations to contribute to
BC-specific targeting.

Monoclonal antibodies regulate redundant parts of
single-chain variable segments via bioengineering,
lowering size and immunogenicity compared to the
original antibody. This modified T cell with a chimeric
antigen receptor is a promising approach applied to the
therapy of various malignancies, such as B-cell leukemia
and lymphoma®> Aptamers and peptides are two more
notable ligands, both of which are characterized by
practical targeting approaches™>.

4. NANOCARRIERS SYSTEMS in
CANCER

BREAST

Nanoparticles (NPs) are small particles with sizes
between 1-100 nm. Although NPs in drug delivery
systems are not yet widely employed in -clinical
treatments, various research studies are underway to
explore the potential benefits of NPs in drug delivery
systems for cancer treatment. Because of their
biocompatibility, water dispersion, and biodegradability,
NPs have become popular as nanocarriers. The use of
nanoparticles in cancer therapy increases drug solubility
and half-life, boosting the bioavailability of many
chemotherapy medicines.>® Furthermore, through
improved permeability and retention (EPR), NPs might
increase medication accumulation in cancer tissues.>
Furthermore, by targeting particular cancer sites with
target ligands and decreasing side effects, the NPs-anti-
cancer drug combination can improve therapeutic
efficacy.””-*® NPs are employed in the BC targeted drug
delivery system in various ways. Polymer, liposomal,
carbon, metal, protein-based, and mesoporous silica NPs
are some of the available NPs (Figure 2).

( )
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Figure 2. Types of nanocarriers for treatments of breast cancer
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4.1. Metallic Nanoparticles

Researchers are interested in metal or metal oxide-based
nanoparticles because of their potential applications in
cancer diagnostics and treatment.”’ Photodynamic
therapy  (PDT), photothermal therapy (PTT),
immunotherapy, and chemotherapy are cancer treatment
techniques that use metallic nanoparticles.®” Because of
their magnetic, optical, thermal, and electrical
capabilities, metallic nanoparticles have many
applications in cancer therapy and detection. Metallic
nanoparticles (NPs), including Au, Ag, Pt, Zn, and TiO,
show promise for anticancer treatments and diagnostics.
Magnetic nanoparticles (MNPs), such as gold
nanoparticles (AuNPs) and Fe3O4, show promise in
anticancer therapy and diagnostic imaging of breast
cancers. %2

Several metal-based nanoparticles use chemical
processes to induce intracellular ROS production,
oxidative stress, and tumor cell apoptosis.*® Silver
nanoparticles (AgNPs) have anti-proliferative, pro-
apoptotic, and anti-angiogenic action on cancer cells.®
ZnO nanoparticles can modify the micronucleus within
tumor cells, speeding mitotic and interphase apoptotic
cell death, acting as genotoxic medicines for anticancer
therapy.® Nanoparticles of CuO, Fe;Os, silica, CeO, and
TiO2 have been studied in the diagnosis and therapy of
BC.%® Through a DNA-damage mechanism, CeO,
nanoparticles induce apoptotic cell death and oxidative
stress.®’

The remarkable properties of gold nanoparticles make
them worthy of investigation. These nanoparticles' size,
shape, and surface activity can be easily adjusted to
improve  circulation  time, targeting  ability,
biocompatibility, and tumor cell attraction.®® To enable
active targeting, gold nanoparticles are typically coated
with organic compounds.®’ In various investigations,
gold nanoparticles targeting EGFR were found to inhibit
breast cancer cells. Surface conjugation considerably
stabilizes gold nanoparticles compared to unconjugated
nanoparticles.

Kardani et al. prepared gold nanoparticles loaded with
anti-miR-155 and examined their activity on the MCF-7
cell line. To facilitate tumor-targeted dispersion, the
nanoparticles were modified with the AS1411 aptamer,
which binds to the nucleus of cancer cells. Zhao et al.
used positron emission tomography (PET) to detect
primary cancer cells and lung metastases in a mouse with
breast cancer.”’ The primary disadvantage of employing
gold nanoparticles is their low biodegradability.

The magnetic core of magnetic iron oxide nanoparticles
is maghemite (Fe,O3) or magnetite (Fe3O4). Maghemite,
rather than magnetite, is recommended as the core
material for magnetic nanoparticles because the Fe (III)
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released from maghemite is less hazardous than the Fe
(IT) emitted from magnetite.”" Due to the hydrophobicity
of these nanoparticles, direct use causes them to
aggregate in the plasma. Coating the magnetic core with
a hydrophilic material can help overcome this
disadvantage. PEG, polysaccharides, PLA, and dextran
are biopolymers that can be employed as coating
materials.”>”® Hyperthermia is a treatment method in
which heat reduces tumor growth. Because tumor cells
are heat sensitive, magnetic hyperthermia employing
superparamagnetic iron oxide nanoparticles (SPIONS)
can reduce tumor size.”

To increase the stability of iron oxide nanoparticles, PEG
is often coated on them. Furthermore, functional groups
on the surface of PEG-coated nanoparticles facilitate
ligand conjugation. The drug can be loaded by sticking to
the surface or sealing it within the core. There are various
studies in the literature on nanoparticles of iron oxide for
targeted treatment. Jeon et al. produced paclitaxel-loaded
SPIONSs and coated the nanoparticles' surfaces with folic
acid (FA). FA conjugation increased nanoparticle
absorption by tumor cells.”” Methotrexate-conjugated
arginine functionalized magnetic nanoparticles and their
targeting abilities were investigated by Attari et al. These
nanoparticles effectively delivered the drug to the tumor
site.”® Soleimani et al. produced a folate-conjugated iron
oxide nanoparticle technology and examined its
targetability.”’

4.2. Quantum Dots

Quantum dots (QDs) are semiconductors that are widely
used in cancer imaging and range in size from 2 to 10
nm’®. They are very promising for cancer imaging due to
their high surface/volume ratio, resistance to
photobleaching, high brightness, and tunable optics.
PEGylation is commonly performed on QDs to increase
water solubility and reduce RES formation.” QDs
emitting multiple wavelengths have been studied in
breast cancer. This study combined QDs with
complementary antibodies to detect quantitative
biomarkers such as EGFR, ER, HER2, and PR.*’ QDs
have two significant disadvantages; the first is that they
contain heavy metals that are hazardous to our bodies in
their inner core. The second is the hydrophobicity of
metallic QDs and their difficulties in using them in vivo.
Researchers have recently turned to studies on carbon-
based QDs in cancer therapy. It was shown that carbon
QDs synthesized by conjugating quinic acid as a
targeting agent and loading it with Gemcitabine charge
have good light properties and can be used as theranostic
agents.®! Graphene quantum dots (GQDs) are used in
photodynamic therapy (PDT). PDT is a non-invasive
procedure that irradiates GQDs to inhibit tumor growth.
Because conventional PDT drugs are bombarded with
UV-Visible light, their use in deeper tissue malignancies
is limited. Furthermore, GQDs are more efficient PDT
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agents because they can be irradiated at longer
wavelengths.®?

4.3. Silica Nanoparticles

Mesoporous silica nanoparticles have a porous surface
and high drug loading capacity. Furthermore, researchers
have chosen it for therapeutically targeted distribution
due to its easily replaceable surface, the potential for pore
size modification, and vast surface.®® Tsai et al.
discovered that anti-HER2 monoclonal antibodies linked
to silica nanoparticles could be used to effectively target
breast cancer cells. To target HER2-positive breast
cancer cells, they coupled mesoporous silica
nanoparticles with Herceptin. Nanoparticles with a high
concentration of Herceptin were highly effective at
targeting BT-474 cell lines. Internalization of Herceptin-
conjugated nanoparticles in BT-474 cells has been
demonstrated.** Meng et al. developed silica
nanoparticles containing doxorubicin and siRNA
coupled with PEI and PEG on their surface. According to
the findings, there was improved permeability at the
tumor location and decreased nanoparticle aggregation in
the RES. It has also been discovered that a lower dosage
of doxorubicin can be supplied using this nanoparticulate
method, which helps to minimize doxorubicin's
cardiovascular toxicity.*> When it comes to toxicity and
biocompatibility, mesoporous silica nanoparticles
outperform metallic nanoparticles. However, their
inability to penetrate the tumor mass is a significant
disadvantage. In vitro targeting of mesoporous
nanoparticles  conjugated with  Herceptin = was
investigated by Milgroom et al. As a result, researchers
discovered that silica nanoparticles are biocompatible,
stable, and excellent drug carriers. It has also been
demonstrated that antibody-conjugated silica
nanoparticles can stay in the bloodstream for an extended
period, overcoming half-life difficulties.®®

Fortuni et al. revealed doxorubicin-loaded mesoporous
nanoparticles and coupled them with HA. The data
indicated increased anti-tumor efficacy and anticancer
cell selectivity.?’ In another study, PEG- and chitosan-
functionalized mesoporous silica nanoparticles were
employed to transport doxorubicin to the MCF-7 cell
line. These nanoparticles revealed increased medicine
effectiveness as well as drug loading and release
capacities.®®

4.4. Carbon Nanoparticles

Carbon nanoparticles such as fullerenes, nanotubes, and
graphene are extensively employed in cancer therapy.
Carbon nanoparticle features such as shape, size,
structure, surface charge, aggregation, and chemical
composition can influence how they interact with cells
and biomolecules.®” These nanoparticles were supposed
to be superior to metal-based nanoparticles in terms of
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focused and regulated medication administration. Carbon
nanotubes are long, hollow, cylindrical structures made
of graphene sheet walls. Based on the number of
graphene sheet coverings, the fullerene allotropes are
classed as single-walled or multi-walled nanotubes. It is
remarkable due to its chemical stability, tunable surfaces,
and unique thermal and electrical properties.”’ HER2
immunoglobulin "Y' conjugated nanotubes were used to
identify and destroy tumors in an in vivo model of HER2-
expressing breast cancer cells.”’ Drug loading into
nanotubes can be accomplished in filament loading and
direct surface loading.”” Nanotubes have a lower drug
loading capacity, but it has been discovered that
employing copolymers on the surface can improve the
loading capacity of tiny hydrophobic medicines.”
However, for bulky pharmaceuticals, only a limited
amount of space is accessible on the surface of the
polymers, restricting drug loading and subsequent ligand
conjugation.’ Paclitaxel was combined with docosanol
and then conjugated to the surface of nanotubes by Shao
et al. In addition, in the same study, folic acid was
conjugated to the surface of nanotubes to target breast
cancer tissue and increase treatment efficacy.” Carbon-
based nanoparticles can be used effectively in the
targeted release of drugs in cancer.”® Docetaxel-loaded
fullerene was found to have 4.2-fold higher
bioavailability than free drug and enhanced cytotoxicity
in breast cancer cells.”’

Carbon nanoparticles have recently been studied for their
potential usefulness in photodynamic treatment. Carbon
nanoparticles can aggregate late at the tumor site and
absorb infrared radiation, generating heat and
cytotoxicity.”® Carbon nanoparticles are substantially
less soluble in aqueous media, causing agglomeration in
biological fluids, and they are highly resistant to
enzymatic oxidation because they are not removed from
the body.”®

4.5. Protein-Based NPs

Protein-based NPs are a group of viral NPs that resemble
viruses' protein envelopes or capsids. In the absence of
the virus genome, these viral NPs are not contagious. In
the production of viral NPs, plant tissues can be used, and
recombinant proteins produced in plants can then be
commercially increased to appropriate production
levels.”” The surface of viral NPs is suitable for drug
conjugation and is emerging as a highly favorable
method for targeted drug delivery. For example,
trastuzumab is carried by viral NPs as a targeted therapy
in patients with HER2+ cancer. Esfandiari et al. potato
virus X (PVX) has been identified and reported to cause
increased mortality of BC cells. Esfandiari et al. achieved
selective targeting of BC by combining PVX with the
trastuzumab monoclonal antibody that can suppress
proliferation and signal transduction of BC cells.'”’ Le et
al. revealed that PVX-Dox treatment of MDA-MB-231
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BC xenografts in athymic mice resulted in reduced tumor
growth.!! In a murine BC model,
glycophosphatidylinositol and HER2 antigen conjugated
to influenza virus NPs and HER2-expressing inhibited
tumor growth.'"? Viral NPs are evolving, and viral NPs
are predicted to play an important clinical role very soon.

4.6. Liposome-Based NPs

Liposomal NPs (LNPs) are spherical vesicles that contain
one or more phospholipid bilayers and can reach
diameters of several hundred nanometers. LNPs consist
of a hydrophilic inner core and a hydrophobic layer
covering that. The unique morphology of LNPs makes
them important for the delivery of hydrophobic medicine.
LNPs are one of the most favored drug carrier systems
that allow hydrophobic agents to be encapsulated in the
outer layer while simultaneously encapsulating
hydrophilic agents in the inner core. In this way, they also
reduce the side effects of drugs that are not targeted in the
body. Encapsulation of a drug can greatly reduce its
toxicity, as it greatly inhibits its release until it reaches
the target. Several studies have shown that some
chemotherapeutic ~ drugs, such as DOX and
Vincristine!”’, were encapsulated in the inner core of
LNPs, reducing their cardio cytotoxicity . The efficacy
of the PTX agent encapsulated with LNPs and the
efficacy of these encapsulated forms on breast cancer cell
lines were studied by Marcial et al.'*

LNPs tend to infiltrate and accumulate in the bilayer of
the tumor cell membrane. Pegylation of LNPs renders
them with longer half-lives and higher target activity.'*
As carrier systems in passive targeting, pegylated LNPs
have shown effective targeting both in vitro and in vivo.
Wong and Chiu encapsulated vincristine and quercetin
into the pegylated liposome. It showed prolonged plasma
residence time and controlled release in vivo by
pegylation. Also, compared to the two drugs, liposomal
encapsulation has been shown to be the more effective
approach.!7-108

LNPs have been recognized as important carriers in the
siRNA, peptide, and oligonucleotide-based gene therapy
approach. Encapsulation of genetic material such as
siRNA and peptides, which are rapidly degradable in the
vascular environment, with LNPs protects them from
degradation and allows them to be targeted using surface
ligands.'*""1" LNPs, surface modified with A7R-cysteine
peptide, were designed by Cao et al. as carrier systems
for PTX delivery and tested in vitro and in vivo. In this
study, increased cytotoxicity and accumulation were
reported in BC xenografts, as more modified LNPs were
vesiculated by BC cells due to the A7R-cysteine peptide;
These results put frothed the importance of the peptide as
a targeting ligand in the PTX-loaded targeted delivery
system.'!! The novel drug delivery system produced by
loading siRNA onto chitosan-coated LNPs was presented
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by Salva et al for the in vitro delivery of siRNA. This
study provides evidence for the theory that co-
administration of siHIF1-a (hypoxia-inducible factors)
and siVEGF (vascular endothelial growth factors) will
produce lower cytotoxicity and higher silencing
efficiency. When the expressions of the relevant mRNAs
were examined, it was reported that the proliferation of
MCF-7 and MDA-MB-435 BC cells was significantly
inhibited. In addition, stability analysis indicated that
overnight serum treatment reported that chitosan-coated
LNPs were able to protect siRNAs from serum
degradation."”” A bio-nanocarrier produced with the
antigen located on the surface of hepatitis B virus and
liposomes was loaded with siRNA to deliver HER2-
expressing BC. This system successfully realized the
gene silencing and protein knockdown through.''® In this
study, in which siRNA and a chemotherapeutic agent,
Dox, were used together to overcome BC’s multi-drug
resistance (MDRChen et al. described a liposomal
approach that used cationic and anionic liposomes in
conjunction with polycation-DNA (LPD). A new capsule
was produced to encapsulate both agents with this
technique. Cellular uptake of Dox has been observed to
be increased when combined with siVEGF in targeted
passive metastatic BC. It has been observed that the
entrapment efficiency of Dox was higher in anionic-LPD
NCs through modification to overcome Pgp-mediated
drug efflux."'® Consequently, LNPs, one of the
nanocarriers that have been needed for easily
biodegradable therapeutic agents, especially peptides and
siRNAs, to reach target cells without degradation, have
become very popular. Also, LNPs have been often coated
with polymers for better biocompatibility but this coating
makes increases their size. Depending on the polymer
used in the coating, the drug release process may also

vary.
4.7. Polymer-Based NPs

Polymer-based nanoparticles (PNPs) are nanometer-
sized colloidal nanoparticles. Typically, these NPs are
created by attaching one copolymer to another polymer
matrix.''> Polymer-based nanocarriers can be produced
from natural polymers such as cellulose and chitosan or
synthetic polymers, which are more demanding in the
biotechnological field with high biocompatibility.'!®
Common techniques used in the chemical synthesis of
PNPs are nanoprecipitation, emulsification, and salting.
These chemical methods can be modified so that PNPs
are specific to the drug they will carry, target to be
transported, and  lipophilicity, charge, and
biocompatibility. Drugs can be carried by adsorbing to
the surface of PNPs, forming chemical conjugation with
PNPs, or loading into the core for active or passive
delivery to the target site. PNPs have been a solution and
advantage for hydrophobic anticancer agents.''” The
high solubility and permeability of PNPs facilitate the
delivery of hydrophobic drugs in vivo, making them
soluble. In addition to solubility, it also provides
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controlled release and long-term stability of the drug,
thereby freeing the hydrophobic drug from its
handicaps.''® In addition, an extra coating on PNPs,
PEG-phospholipid, has been reported to reduce toxicity
by increasing the encapsulation efficiency of the drug.'"
PNPs have become important drug delivery systems for
combination studies such as DOX and PTX or
trastuzumab and cis-platin where anti-cancer agents are
used together, and there are many studies in the literature
on this subject.'” NPs produced using poly(e-
caprolactone) have been reported to be targeted in breast
cancer by loading tamoxifen into their PEG-modified and
non-PEG-modified forms. Poly(e-caprolactone) NCs
modified with PEG demonstrated higher accumulation in
breast cancer cells compared to the unmodified
forms.'?"'?* In addition, different studies have been
presented in which not only chemotherapeutic agents but
also photosensitizers have been preferred for cancer
treatment. Photodynamic therapy using PNPs for the
treatment of triple-negative breast cancer was reported by
Jin et al.'®® In this study, it was revealed that PNPs
conjugated with a luminescent substance when irradiated
with light, produce ROS and lead to cell inhibition. PNPs
conjugated with a cyclic arginine-glycine-aspartic acid
peptide-modified photosensitizer showed negligible
cytotoxicity but this conjugate could decrease the
viability of the avf3 integrin-overexpressing MDA-MB-
231 cells. In another study, passively targeting tumor
cells by loading tamoxifen into PNPs produced from
PLGA, an FDA-approved, biocompatible polymer,
tumor cells demonstrated an enhanced cleavage of their
DNA. Tamoxifen-loaded PLGA nanocarriers applied to
MDA-MB-231 cell lines exhibited higher cytotoxicity
and greater bioavailability than tamoxifen administered
in free form.'** For the treatment of TNBC, the synthesis
of layer-by-layer NCs loaded with a combination of
siRNA and Dox, with a controlled release approach, was
improved by Deng et al. It was revealed that the increase
in the layers of poly-L-Arginine (PLA) PNPs synthesized
using the layer-by-layer technique both increased their
size to 140 nm and enabled them to achieve a high
loading capacity. In addition, PNPs co-loaded with
siRNA and Dox and targeting the multidrug-resistant
protein 1 (MRP1) drug efflux pump exhibited very high
drug efficacy in animal models of TNBC.!” Alongside
LNPs, polymer-based drug delivery systems emerge as a
different approach for delivering combined drugs to the
target. Although the synthetic polymers used in the
production of PNPs could be modified using different
methods to respond to needs, their size continues to be
around several hundred nanometers, which is higher than

LNPs, this physical character affecting their
biodistribution.'?
In addition, nanofibers, which are among the

biomaterials produced from synthetic or natural
polymers, are one of the PNC groups developed for many
different application areas such as drug delivery systems
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or cosmetics. Biocompatible polymers such as chitosan,
PVA, PLA, and PEG, which have been widely preferred
in drug delivery systems have been used in the synthesis
of nanofibers.?® The mechanical properties (elasticity
and tensile strength) of nanofibers with a very large
surface area/volume ratio also have exhibited the desired
quality. Techniques to produce nanofibers from synthetic
polymers: template synthesis, drawing, phase separation,
electrospinning, and self-assembly.'?” Jayakumar et al.,
for example, employed the electrospinning process to
create chitin and chitosan nanofibers.'?® In another study
by Marty et al.,'*” nanofibers were fabricated as a drug
delivery system to evaluate cell motility in metastatic
breast cancer patients. Although nanofibers are a new
approach as drug carriers, they have significant
disadvantages such as their low drug loading capacity
and toxic effects.

5. CONCLUSION

Cancer is a deadly disease that affects the whole world,
and the number of cancer research projects is increasing.
Breast cancer is one of the deadliest tumors, and typical
breast cancer treatments include surgery, chemotherapy,
and radiotherapy. Conventional therapy's lack of
selectivity and targeting resulted in drug resistance and
adverse effects that limited practical uses. In this context,
targeted nanoparticles emerge as promising cancer
treatment candidates. In this review, targeted nanocarrier
systems that have the potential to be used in breast cancer
treatment are emphasized. In various in vitro and in vivo
studies on breast cancer, researchers have modified
nanocarrier drug delivery systems with ligands specific
to the receptors overexpressed at the tumor site to target
cancer cells. These nanoparticle systems improve
targeted and efficient drug delivery, provide slow and
controlled drug release, reduce side effects, and reverse
multidrug resistance. With the development of target-
specific nanocarrier systems, the introduction of new
materials, and the increased focus on breast cancer
research, the value of targeted nanocarrier systems in
breast cancer treatment will increase.
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ABSTRACT

From ancient times to the present, plants have been used in
many different areas. One of the most striking of these areas is
alternative medicine. Tiirkiye is a country rich for plants
diversity both in terms of location and other favorable
conditions. This diversity reveals the importance of alternative
medicine. In this respect, it is extremely necessary to determine
the pharmacological properties of plants. In our study, Alyssum
stylare (Boiss. & Balansa) Boiss. total oxidant status (TOS),
total antioxidant status (TAS), oxidative stress index (OSI) as
well as its status against antimicrobial agents were examined.
After the above-ground part of the plant sample was dried and
powdered by taking the necessary precautions, extraction was
carried out Rel Assay kits were preferred for ethanol extract and
TOS, TAS, OSI data. Its antimicrobial status was determined
using the agar diffusion method. Consequently, of the study, the
TAS capacity of the plant extract was 7.911+0.217 mmol/L, the
TOS capacity was 11.587+0.202 pmol/L, and the OSI capacity
was 0.146+0.001. It was used that it was effective against
standard bacteria strains at 25-100 pg/mL and 200 pg/mL
concentrations against fungi strains. Consequently, it is thought
that 4. stylare can be used in studies conducted for antioxidant
and antimicrobial.

Alyssum stylare (Boiss. & Balansa) Boiss'in
bazi farmakolojik 6zellikleri

0z

Antik caglardan giiniimiize kadar bitkiler birgcok farkli alanda
kullanilmigtir. Bu kullanim alanlarinin en dikkat ¢ekenlerinden
biri de alternatif tiptir. Tiirkiye hem konumu hem de diger
uygun kosullar bakimindan bitkiler i¢in zengin bir tilkedir. Bu
zenginlik alternatif tibbin 6nemini ortaya koymaktadir. Bu
acidan bitkilerin farmakolojik 6zelliklerinin belirlenmesi son
derece gereklidir. Caligmamizda Alyssum stylare (Boiss. &
Balansa) Boiss'in toplam oksidan durumu (TOS), toplam
antioksidan durumu (TAS), oksidatif stres indeksi (OSI) ve
antimikrobiyal ajanlara karsi durumu incelenmistir. Bitki
Orneginin toprak tstii kismi gerekli 6nlemler alinarak kurutulup
toz haline getirildikten sonra ekstraksiyon yapilmigtir. Etanol
ekstrakt1 ve TOS, TAS, OSI verileri igin Rel Assay kitleri tercih
edilmistir. Antimikrobiyal durumu, agar difiizyon yontemi
kullanilarak  belirlendi. Calismamiz ~ sonucunda  bitki
ekstraktinin TAS degeri 7.911+£0.217 mmol/L, TOS degeri
11.5874£0.202 pmol/L ve OSI degeri 0.146+0.001 olarak
bulunmustur. Standart bakteri suslarina kars1 25-100 pg/mL ve
mantar suglarma karst 200 pg/mL konsantrasyonda etkili
oldugu belirlendi. Sonug olarak A. stylare'in antioksidan ve

Keywords: Antioxidant, oxidant, antimicrobial agent, antimikrobiyal ~ agidan  caliymalarda  kullanilabilecegi
medicinal plants. diistinilmektedir.
Anahtar Kelimeler: Antioksidan, oksidan, antimikrobiyal
ajan, tibbi bitkiler.
1. INTRODUCTION Antioxidants come first in combating these conditions. In
this context, supplemental antioxidants are used.> Many
Conditions like environmental pollution, alcohol studies have shown that plants can be natural antioxidant

consumption, UV rays, and smoking cause free radical
formation in humans.! If there is a deficiency in the
reduction of oxygen, reactive oxygen species are formed.
Consequently, these formations and deficiencies cause
oxidative stress.” Consequently of oxidative stress, it can
cause many diseases in humans like Parkinson's,
alzheimer's, cardiological disorders and cancer.
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agents. From past times to the present, plants have always
been in the field of interest of people. When we look at
the archaeological studies, human being recognize the
plants and they have been; used in many areas like food,
relieving health problems, shelter, comforting, spice and
sweetener by people.** Recently, it has been seen that the
most preferred among these usage areas is herbal
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medicine.® The World Health Organization (WHO) has
introduced the definition of "herbal medicine" to the use
of drugs or herbal mixtures for treatment and solving
diseases.”® In this direction, it is very valuable to
determine the pharmacological properties of plants.
Many assessments of plants; It has shown that it has

many biological activities such as antimicrobial,
antiproliferative, antienflammatory, DNA damage
protective, antiaging, antioxidant, anticancer.’"’.

Alyssum L. is a genus of the Brassicaceae family. It
consists of approximately 195 species. There are annual
and perennial ones. Alyssum L. is generally distributed in
rocky, stony and sandy areas in Europe, Asia and North
Africa.'®!” With this research, it was aimed to determine
the attitude of A. stylare species against antioxidant,
oxidant and antimicrobial agents.

2. MATERIALS AND METHODS

A. stylare sample used in the study was collected from
Sivas (Turkey). 4. stylare plant sample was identified by
using the volume 1 page 374 section of the flora of
Turkey book. The soil-containing parts of the A. stylare
sample collected from the field were removed. The
above-ground parts to be used were dried in a ventilated
and shaded environment. After the drying process was
completed, 30 g of the samples were weighed and then
powdered with the help of some shredding apparatus.
The powdered samples were extracted with 200 mL
EtOH at 50 °C for approximately 6 hours. The solvent in
the extract was removed with the help of Heidolph
Laborota 4000 Rotary Evaporator.

2.1. Antimicrobial Activity

The effect of ethanol extract of A. stylare against bacteria
and fungi strains was investigated by agar diffusion
technique, which is one of the methods used in

antimicrobial studies.

Table 1. Antimicrobial Activity of 4. s¢ylare Extract

Bacterial strains: Staphylococcus aureus MRSA ATCC
43300, Escherichia coli ATCC 25922, Pseudomonas
aeruginosa ATCC 27853, Enterococcus faecalis ATCC
29212, S. aureus ATCC 29213 and Acinetobacter
baumannii ATCC 19606 were used. Fungal strains:,
Candida krusei ATCC 34135, C. albicans ATCC 10231
and C. glabrata ATCC 90030 were used. With this
method, the lowest concentration (MIC) that inhibits the
growth of the strains was determined.?’%*

2.2. Antioxidant Activity

Total antioxidant (TAS) and total oxidant (TOS) capacity
of Ethanol extract of A. stylare were intended. Rel Assay
kits were preferred for TAS and TOS capacity. Hydrogen
peroxide was used in the calibration of the TOS kit.
Trolox was used in the calibration of the TAS Kkit.
Analyzes were performed according to the protocol
determined by the manufacturer.”*>* Oxidative stress
index (OSI) was determined by the ratio of TOS capacity
to TAS capacity according to the formula below.>

TOS, umol H,O; equiv./L

OSI (AU) =
TAS, mmol Trolox equiv./L X 10

3. RESULTS AND DISCUSSION
3.1. Antimicrobial Activity

Microorganisms are among the main causes of many
diseases lately. The strong of many microorganisms to
drugs, especially consequently of unconscious antibiotic
use, has made it difficult to combat microbial diseases.
Many different researchers have focused on the
discovery of new antimicrobial drugs. Plants have been
one of the focal points of these researchers.”” With this
research you have done, the capacity of EtOH extract of
A. stylare plant on Antimicrobial agents were examined.
The obtained results are shown in Table 1.

Sample A B C

D

E F G H J

A. swlare 25 25 100

50

50 100 200 200 200

*(A) S. aureus, (B) S. aureus MRSA, (C) E. faecalis, (D) E. coli, (E) P. aeruginosa, (F) A. baumannii, (G)

C. glabrata, (H) C. albicans, (J) C. krusei
*25, 50, 100, 200 pg/mL extract concentrations

According to the study data, it was observed that A.
stylare exhibited the highest efficacy against S. aureus
and S. aureus MRSA at 25 pg/mL extract concentration.
It was also effective against E. coli and P. aeruginosa at
an extract concentration of 50 pg/mL, and against E.
faecalis and A. baumannii at 100 pg/mL extract
concentration. The plant extract was found to be effective
against fungal strains (C. glabrata, C. albicans and C.
krusei) at 200 pg/mL extract concentration. In this
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context, it was observed that the plant extract was more
effective against bacterial strains than fungal strains. In
previous antimicrobial activity studies on Alyssum
species, antimicrobial activity of ethanol extracts of A.
caricum, A. discolor and A. sibiricum was investigated
using disk diffusion method. Consequently of the study,
it was reported that the plant extracts were effective
against S. enteritidis, S. aureus, S. epidermidis, Listeria
monocytogenes, L. innocua, B. subtilis, Enterobacter
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aerogenes, E. coli, Klebsiella pneumoniae, E. faecium, E.
faecalis, E. durans, P. aeruginosa, P. fluorescens,
Salmonella typhimurium, S. kentucky and S. infantis at
different concentrations.”® In another study, it was
reported that methanol extract of 4. fulvescens subsp.
fulvescens has antimicrobial activity against E. coli, P.
aeruginosa, S. aureus, B. subtilis and Micrococcus
Iuteus.” In this context, in our research, it was researched
that the extract of 4. stylare has significant antimicrobial
activity against the standard antimicrobial agents used.
Consequently, it has been determined that the plant can
be used as a natural antimicrobial agent.

3.2. Antioxidant Activity

Reactive oxygen species (ROS) occurring at high levels
turn into a harmful situation for living things.*’
Antioxidants of endogenous and exogenous origin fight
ROS. In some cases, antioxidants are insufficient. In
these insufficient cases, oxidative stress occurs.
Complementary antioxidants are used as a solution.*'?
In this study, TAS, TOS and OSI capacity of A. stylare
ethanol extract were determined.

According to the findings, the TAS capacity of 4. stylare
was determined as 7.911£0.217 mmol, the TOS capacity
was 11.587+£0.202 umol and the OSI capacity was
0.146+0.001. In our study, TAS, TOS and OSI capacity
of A. stylare were determined for the first time. In studies
on different plant species, TAS capacity of Lepidium
spinosum ARD. was determined 4.550 mmol, the TOS
capacity 12.610 pmol and the OSI capacity 0.277.%° TAS
capacity of Mentha longifolia (L.) HUDSON subsp.
longifolia (L.) HUDSON was determined 3.628 mmol,
the TOS capacity 4.046 pumol and the OSI capacity
0.112.3* The TAS capacity of Euphorbia eriophora
BOISS. was determined 5.390 mmol, the TOS capacity
20.971 pmol and the OSI capacity 0.390.>° The TAS
capacity of Echium italicum was determined 6.056
mmol, the TOS capacity 19.107 umol and the OSI
capacity 0.316.%° The TAS capacity of Satureja hortensis
was determined 5.403 mmol, the TOS capacity 3.537
umol and the OSI capacity 0.065.%” The TAS capacity of
Ferulago platycarpa BOISS. ET BAL. was determined
5.688 mmol, the TOS capacity 15.552 pmol and the OSI
capacity 0.273.%%

The TAS capacity of Marrubium  globosum
MONTBRET ET AUCHER EX BENTHAM. was
determined 7.677 mmol, the TOS capacity 12,387 umol
and the OSI capacity 0.162.% Compared to these studies,
the TAS capacity of 4. stylare was higher than L.
spinosum, M. longifolia subsp. longifolia, E. eriophora,
E. italicum, S. hortensis and F. platycarpa. The TAS
capacity shows all of the antioxidant compounds found
in living organisms.***! In our study, it was determined
that the antioxidant potential of the plant is high. The
TOS capacity is an indicator of the totality of oxidant-
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containing compounds in living organisms.'® The OSI
capacity shows how much the oxidant compounds
detected in living organisms suppress by antioxidant
compounds.*>* Tt is recommended to avoid or limit the
consumption of foods with high OSI capacity. The TOS
and OSI capacity of A. stylare were higher than M.
longifolia subsp. longifolia and S. hortensis, and lower
than L. spinosum, E. eriophora, E. italicum, F.
platycarpa and M. globosum. In this context, it was
determined that the TOS capacity of A. stylare was at
normal levels. Consequently, it is predicted that the plant
can be evaluated in terms of antioxidants.

4. CONCLUSIONS

Consequently, antimicrobial antioxidant oxidant data of
A. stylare species were determined. It was determined
that 4. stylare has a high capacity in terms of both
antioxidant and oxidant when compared with the species
in other studies in terms of antioxidant and oxidant. It was
found that 4. stylare EtOH extract reacted at a
concentration of 25-100 pg/mL in bacterial strains and
200 pg/mL in fungal strains used in the antimicrobial
study. it is predicted that A. stylare has an important
antioxidant and antimicrobial capacity and can be used in
this field.
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ABSTRACT

Tchihatchewia isatidea Boiss (Brassicaceae) is popularly
known as “Paint and Bridal Flower”. Flower pieces and extracts
can be used for painting, wound healing, and cough treatments.
In this study, the nutritional and medicinal properties of 7.
isidea were determined. For this purpose, carbohydrate, crude
oil, crude protein, crude cellulose, energy, crude ash, dry
matter, moisture, element, vitamin, antioxidant capacity, DNA
protective, and antimicrobial effects of 7. isatidea were
investigated. Crude ash, crude protein, crude fat, crude
cellulose, carbohydrate, dry matter, energy, organic matter, K,
Ca, Na, Fe, Cu, Zn, Pb, Mn, vitamin E and vitamin A
paremeters of 7. Isatidea were 14.37%, 20.60%, 1.82%,
29.02%, 63.21%, 91.57%, 351.62 kcal 72.20%, 42.5 mg/kg,
102.4 mg/kg, 260 mg/kg, 1.59 mg/kg, 0.121 mg/kg, 1.160
mg/kg, 2.16 mg/kg, 7.49 mg/kg, 22.95 mg/g and 2.82 mg/g,
respectively. The DPPH (a, a-Diphenyl-1-picrylhydrazyl)
radical scavenging activity of the plant extract was 82.34% at
100 uL, 68.20% at 50 pL, 30.80% at 25 uL and 11.68% at 10
pL. The total oxidant level was 69.96 umol/L, the total
antioxidant level of T. isatidea was 3.91 umol/L and 133.56
nmol/g Malondialdehyde (MDA). In the existence of UV and
H202, it was found that the 7. isatidea plant extract protects
scDNA. It has also been established that the flower extract of
the plant hinders the growth of pathogenic microorganisms at
varying rates. Because of its thorny structure, the plant which
can not be used as a vegetable can be transformed into a dried
powdered form of powder and can be consumed with water in
the form of a decoction or infusion. The plant can be mixed with
powdered petroleum jelly and used as an external wound
healing agent.

Keywords: T. isatidea, paint flower, nutritional content,
antimicrobial activity, antioxidant activity.

Tchihatchewia isatidea Boiss'in besin degeri,
antimikrobiyal ve antioksidan aktiviteleri

0z

Tchihatchewia isatidea Boiss (Brassicaceae) halk arasinda
“Boya ve Gelin Cigegi” olarak bilinir. Ci¢ek pargalari ve dzleri
boyama, yara iyilestirme ve Oksiiriik tedavilerinde
kullanilabilmektedir. Bu ¢aligmada 7. isatidea'nin besleyici ve
tibbi Gzellikleri belirlenmistir. Bu amagla 7. isatidea'nin
karbonhidrat, ham yag, ham protein, ham seliiloz, enerji, ham
kiil, kuru madde, nem, element, vitamin, antioksidan kapasite,
DNA koruyucu ve antimikrobiyal etkileri aragtirildi. 7.
isatidea'nin ham kiil, ham protein, ham yag, ham seliiloz,
karbonhidrat, kuru madde, enerji, organik madde, K, Ca, Na,
Fe, Cu, Zn, Pb, Mn, E vitamini ve A vitamini parametreleri
sirastyla 14.37%, %20.60, %1.82, %29.02, %63.21, %91.57,
351.62 kcal %72.20, 42.5 mg/kg, 102.4 mg/kg, 260 mg/kg, 1.59
mg/kg, 0.121 mg/kg, 1.160 mg/ kg, 2.16 mg/kg, 7.49 mg/kg,
22.95 mg/g ve 2.82 mg/g olarak bulundu. Bitki ekstraktinin
DPPH (a, a-Difenil-1-pikrilhidrazil) radikal siipiirme aktivitesi
100 uL'de %82.34, 50 pL'de %68.20, 25 uL'de %30.80 ve 10
pL'de %11.68 olarak belirlendi. 7. isatidea'nin toplam oksidan
seviyesi (TOS) 69.96 umol/L, toplam antioksidan seviyesi
(TAS) 3.91 umol/L ve Malondialdehit (MDA) seviyesi 133.56
nmol/g olarak belirlendi. T isatidea bitki ekstraktinin UV ve
H202 varliginda scDNA'y1 korudugu tespit edilmistir. Bitkinin
cicek Oziitiiniin patojenik mikroorganizmalarin bilylimesini
degisen oranlarda engelledigi belirlenmistir. Dikenli yapisindan
dolay1 sebze olarak kullanilamayan bitki, kuru toz haline
getirilerek su ile kaynatma veya demleme yontemiyle
tiiketilebilir. Bitki, toz vazelin ile karigtirilabilir ve harici bir
yara iyilestirici ajan olarak kullanilabilir.

Anahtar Kelimeler: 7. isatidea, boya ¢icegi, besin degeri,
antimikrobiyal aktivite, antioksidan aktivite.

1. INTRODUCTION

It is approximated that the number of plant kinds is
between 250,000 and 500,000. " According to WHO data;

80% of the world population and 95% of the African
population benefit from treatment methods based on
medicinal plants. It is estimated that about 70,000
medical plant species are utilized for this purpose.
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Approximately, 21,000 of these plant species are being
used in the pharmaceutical industry.? T. isafidea, is one
of the plants used for medical targets and the textile
industry in Turkey, which belongs to the Brassicaceae
family and is publicly named Paint Flower, Reddish
Bride, and Bridal Flower® T isatidea, is a
paleoendemic species in Turkey, which is generally
found in Giresun, Sivas, Giimiishane, Tunceli, Erzurum,
Elaz1g, Kars and Erzincan regions of the country. It is
known that 7. isatidae naturally grows in the
surroundings of Sivas and Divrigi, and its flowers are
used as a natural paint material.> The extract, which is
made by mixing 7 isatidea and Hesperis schischkinii
Tzvelev (Mus evening star) root parts, and Pistacia
atlantica Desf. (chewing gum) resin, has been reported to
be used in wound healing in Ovacik-Tunceli region.® In
Eastern Anatolia, it was found that the roots of 7. isatidea
were pounded and used as wound medicine.” Around
Maden-Elaz1g, flowers and root parts of 7. isatidea have
been used as cough suppressants.* This study purposed
to determine the nutrient content of 7.isatidea (crude ash,
dry matter, crude oil, carbohydrate, crude protein,
organic substance, element and vitamin), as well as free
radical scavenging activity (DPPH), total antioxidant and
oxidant levels, DNA damage reducing effect, and
antimicrobial activity.

2. MATERIALS AND METHODS
2.1. Sample collection

T. isatidea was gathered from the surroundings of
Karakas, Baskil-Elazig, Turkey (’38°37°01.6"N
38°41°46.4"E,  38°34°26.4"N  38°46’37.6"E  ve
38°34°34.1"N 38°45°24.6"E’). The plant was collected
during the spring season (from April to May). Samples
were cleaned, dried, and stored at room temperature.

2.2. Proximate analysis

The approximate compositions of 7. isatidea containing
crude protein, moisture, crude ash, dry matter, organic
matter and crude fat were determined accordingly AOAC
"methods. The determination of total nitrogen (N) were
determined by Kjeldahl method. Crude protein was
calculated as Nx6,25. Crude fat was determined at 550°C
using both the total ash combustion and the soxhlet
extraction method with a solvent carried out as described
by AOAC.

2.3. Element analysis

Previously air-dried samples (at room temperature) were
re-dried at 105°C overnight and crushed with pestle and
a mortar. Samples were then dissolved in a mixture of
HNOs: HaSO4: HoO, (10:1:1, 12 mL for 1 g sample) and
heated at 100°C for about 10-15 min. After cooling, 50
mL of deionized water was added to reach 50 mL and
then the mixture was filtered. All the glassware was
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cleaned with deionized water in order to avoid
contamination. While amounts of Fe, Zn, Mn, Cu, Cd,
Co, Cr, Pb and Ni were determined by atomical
absorption spectrometer, amounts of Ca, Na, and K was
determined by atomic emission spectrometer.®

2.4. Analysis of A, E Vitamins

Plant extract was prepared accordingly literature to
determine number of vitamins. Content vitamins were
analyzed by HPLC (296 and 326 nm for vitamin E and
A, respectively). *!!

2.5. Antioxidant assay by DPPH free radical
scavenging activity

The DPPH radical scavenging property of plant extract
was measured by method of Brand-Williams et al.'> A
solution of 25 mg/L DPPH in methanol was prepared and
4.0 mL of this solution was mixed with 500, 250, 100,
and 50 pg/mL of extract. The absorbance of mixture was
measured at 517 nm. The reduced absorbance, amount of
DPPH remaining, was determined as free radical
scavenging activity. Radical scavenging activity (%) =
(Abs control — Abs sample) / (Abs control) x 100 where
Abs control is absorbance of DPPH radical + methanol;
Abs sample is absorbance of DPPH radical + sample
extract/standard.

2.6. Determination of MDA, Total Antioxidant
activity and Total Oxidant activity

MDA analysis were made according to method described
by literatures!®!>13, MDA levels were determined by
HPLC .TAS and TOS values were measured with Rel
Assay brand commercial kits (Rel Assay Kit Diagnostics,
Turkey). Trolox was used as a calibrator for TAS tests
and results were expressed in mmol Trolox equiv./L."
Hydrogen peroxide was used as a calibrator for TOS tests
and results were expressed in mmol H,O, equiv./L."'

2.7. The Determination of DNA Protective Activity

pBR322 plasmid DNA (vivantis) was used to detect
ability of the samples to protect DNA from UV and
oxidative damage. Plasmid DNA was damaged with
H>0, and UV in the presence of extracts. Taking into
consideration that working samples are studied by
modifying the method determined by Russo et al.'®, a gel-
closure technique was used to prevent them from
dispersing into the TBE when mixed with TBE. After
sample and control loads were applied on a 1% agarose
gel, a 1.5% agarose gel coating was applied to close the
wells once more. Then screening was performed.

2.8. Preparation of microorganism cultures

Bacterial strains (Salmonella enterica typhimirium,
Staphylococcus aureus COWAN 1, Enterococcus
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faecium, Proteus mirabilis, Listeria monocytegenes, B.
subtilis, Bacillus megaterium DSM32, Klebsiella
pneumoniae  FMC 5, Staphylococcus  cohnii,
Enterobacter aeregenes CCM 2531, Escherichia coli
ATCC 25922, Pseudomonas aeruginosa DMS50071,
Proteus vulgaris FMC1) and yeast (C. tropicalis
ATCCI1380, Candida albicans FMC17, C. glabrata
ATCC 66032, Epidermophyton sp. and Trichophyton
sp.) malt extracts in nutrient buyyon were inoculated,
respectively (48 h at 25+1°C for yeast, 24 h at 35£1°C
for bacteria). Disc Diffusion Method was used in this
study. Petri dishes prepared in this manner were
incubated at 4°C for 1.5-2 h, then incubated for 24 h at
37£1°C with bacteria-inoculated plates and plates at
yeast and dermophyte-grafted plates at 25+1°C for 3
days.!” The inhibition zones (mm) formed on the feeder
at the end of the period were evaluated. Standard
antibiotic discs were used for the control group.

3. RESULTS AND DISCUSSION
3.1. Nutritional Content of 7. isatidea

Crude ash, crude protein, crude fat, crude cellulose,
carbohydrate, dry matter and energy paremeters of T.
isatidea were 14.37%, 20.60%, 1.82%, 29.02%, 63.21%,
91.57%, 351.62 kcal, 72.20% and 351.62 kcal
respectively (Table 1).

Table 1. Nutritional Content of 7. isatidea.

Table 3. Vitamin A and vitamin E content of 7. isatidea.

Vitamin A
2.82 ug/g

Vitamin E
22.95 ugl/g

T. isatidea

3.4. Free radical scavenging activity (DPPH) of T. isatidea

According to DPPH (o0, a-Diphenyl-1-picrylhydrazyl)
free radical clearing results; 7. isatidea was detected to
be effective from 10 pL, and continuing linearly up to
100 pL in a concentration dependent manner (Table 5).

Table 5. Free radical scavenging activity (DPPH) of 7. isatidea.

DPPH 10 pL 25 uL 50 uL 100 pL
T. 11.68+0.27  30.80+0.35 68.20+0.56  82.34+1.06
isatidea

(Study conducted as three replicates and means =+ calculated as standard
deviation)

MDA was 133.56 nmol / g, TAS was 3.91 mmol Trolox Eq/L and
TOS was 6.96 umol H,0O, Eq/L

Table 6. MDA, TAS and TOS values of T. isatidea.

MDA TAS TOS
133.56 nmol/g 3.91 mmol Trolox 6.96 umol H,0,
Eq/L Eq/L

Dry Matter ~ Crude Ash (%)  Crude Cellulose (%) Crude Fat (%)
(%)
%91.57 %14.37 %29.02 %1.82
Organic Carbohydrate Crude Protein (%) Energy (Kcal)
Matter (%) (%)
%77.20 %063.21 %20.60 351.62

3.2. Element Content of 7. isatidea

Mn, Fe, Zn, Cu and Pb element contents of 7. isatidea
were 7.49 mg / kg, 1.59 mg / kg, 11.60 mg / kg, 0.12 mg
/ kg and 2.16 mg / kg. Cr, Co and Cd were not detected
(Table 2).

3.3. Vitamin content of 7. isatidea

The vitamin A and vitamin E content of 7. isatidea were
2.82 ng/g and 22.95 pg/g respectively (Table 3).

Table 2. Element content of T. isatidea

Micro elements mg kg'+SD
Mn 7.49+0.12
Fe 1.5940.03
Zn 11.60£0.11
Cu 0.1240.01
Pb 2.16+0.07
Cr 0
Co 0
Cd 0

(Study conducted as three replicates and means = calculated as standard deviation)
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3.5. DNA protective activity of 7. isatidea

First 4 lines were used as controls. It was observed three
bands (scDNA, linDNA and ocDNA) in 1st and 2nd lines
of this study. In the third line, in the presence of H,O»,
the interaction between UV and DNA resulted in OH
radical to damage the DNA. We detected three bands in
the 4th line as well (Figure 1). Under the presence of
strong UV light and H»O,, protection potential of
pBR322 plasmid DNA of the T. isatidea extracts were
observed.

3.6. Antimicrobial activity of 7. isatidea

Antimicrobial effect of plant is shown on Table 7.

SRR el e

L

(SC: Supercoiled DNA, LIN: Linear DNA, OC: Open-circular DNA)

C1: Plasmid DNA (3 pL) + distillate water (6 pL)

C2: Plasmid DNA (3 pL) + distillate water (6 pL) + ultraviolet

C3: Plasmid DNA (3 pL) + distillate water (6 pL) + ultraviolet+ hydrogen peroxide (1 uL)
C4: Plasmid DNA (3 pL) + distillate water (6 pL) + hydrogen peroxide (1 pL)

P1: Plasmid DNA (3 pL) + hydrogen peroxide (1 puL) + ultraviolet+ 1/10 Sample (5 pL)
P2: Plasmid DNA (3 pL) + hydrogen peroxide (1 puL) + ultraviolet+ 1/5 Sample (5 uL)
P3: Plasmid DNA (3 pL) + hydrogen peroxide(l pL) + ultraviolet+ 1/2.5 Sample (5 pL)
P4: Plasmid DNA (3 pL) + hydrogen peroxide (1 puL) + ultraviolet+ 1/1.25 Sample (5 uL)

Figure 1. Gel image showing DNA protection pctivity of 7.
isatidea
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The development of microorganisms were inhibited best
by the extract prepared with methanol, ethanol and water,
in order. With the extract prepared by using methanol, the
inhibition zone changed between 10-13 mm, and the
largest zone was found on B. subtilis culture. Ethanol
were investigated, inhibition zones between 9-11 mm
were observed, and again the extract was most effective
on B. subtilis culture. The plant extract prepared by using
water was not effective on some microorganisms.

3.7. Discussion

Crude ash, crude protein, crude fat, crude cellulose,
carbohydrate, dry matter, energy, organic matter, K, Ca,
Na, Fe, Cu, Zn, Pb, Mn, vitamin E and vitamin A
paremeters of 7. isatidea were 14.37%, 20.60%, 1.82%,
29.02%, 63.21%, 91.57%, 351.62 kcal 72.20%, 42.5
mg/kg, 102.4 mg/kg, 260 mg/kg, 1.59 mg/kg, 0.121
mg/kg, 1.160 mg/kg, 2.16 mg/kg, 7.49 mg/kg, 22.95
mg/g and 2.82 mg/g, respectively (Table 1). It has been
reported that crude ash, crude fat, protein and
carbohydrate 0.28%, 0.40%, 2.88%, 8.28% in E.
sativa'®, cooked broccoli protein 3.80 g/100 g and raw
broccoli 4.40 g were determined.” In the other study

Table 7. Antimicrobial Activity of 7. isatidea.

reported Mn 7.49 mg/g, Fe 1.59 mg/g, K 42.05 mg/g, Na
2.60 mg/g, Zn 11.60 Cu 0.12 mg/g, Pb.16 mg/g of T.
isatidea, Cr and Cd wasn’t founded. In E. sativa, Mn
30.50 mg/g and Fe 30.89 mg/g, K 2.265 mg/g, Pb 0.22
mg/g, Cr 0.68 and Cd 0.84 mg/g were found.'®In cabbage
and cauliflower, Fe was 0.3 and 0.1 mg/g, respectively.?’
The amounts of Fe in raw broccoli, red cabbage, and
white cabbage were determined to be 1.2, 0.6 and 0.4
mg/g, respectively.?! The contents of element K in
cabbage and cauliflower were determined to be 161 and
39 mg/g, respectively.?’ It was determined that the
highest amount of Fe element belongs to E. sativa when
all the data obtained are compared. The elemental
amounts of the plant were found to be similar or different
from other species. The differences are due to the
different occurrence of species, the different habitats, and
sometimes even the active substances in different organs
of a plant. The amount of vitamin A and E in T. isatidea
was determined to be 2.82 pg/g, be 22.95 ng/g. Vitamin
A of the same plant was determined to be 1.75 pg/g
vitamin E 3.96 pg/g.*! The differences in vitamin
amounts in the studies and the high vitamin content may
be related to the time and location of the sample
collection.

E.coli P.vulgaris P.aeruginosa K.pneumoniae C.albicans

T. and Water 9 - 8 - -
T. and
Ethanol 10 9 10 9 9
T. and
Methanol 12 10 11 10 10
Standard 13%* 11%* 11%** 19%** g**

B.subtilis B.megaterium S.aureus L.monocytogenes
T. Water 10 - 8 8
T. Ethanol 11 9 9 10
T. Methanol 13 10 11 11
Standard 19** 9** 13%%* 18*

It has been determined that the DPPH effect of 7. isatidea
is effective from 10 pL and this effect is linearly
increased to 100 pL depending on the concentration. D.
virgate was detected in DPPH 26.03 1C50 (pg/mL), D.
erucoides 27.02 1C50 (ug/mL).*? In the study, it was
determined that the DNA protective activity of the plant
was variable depending on the concentration of the
plant. It has been determined that leaves of Lepidium
latifolium (Brasicacae) have DNA protective activity. It
is thought that glucosinates detected in plants belonging
to Brassicae can protect the cells from DNA damage and
can inactivate carcinogens.?>*> Studies have shown that
T. isatidea methanol extract inhibits microorganism
growth best. Bacillus subtilis 14 mm inhibition zone,
Staphylococcus  aureus 16 mm, Pseudomonas
aeruginosa 17 mm, Klebsiella pneumoniae 31 mm,
Escherichia coli 7T mm, Enterobacter sp., The methanolic
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extract of Farsetia aegyptia (Brassicaceae) 4 mm,
Salmonella  typhimurium 10 mm, inhibited their
development at different rates, and did not prevent the
development of Candida albicans.*® Diplotaxis virgata
(Cav.); L. monocytogenes 20 mm, S. aureus 19 mm, P.
aeruginosa 15 mm, E. coli 22 mm, and K. pneumoniae
16 mm. An antimicrobial study of the D. erucoides (L.)
extract was made; L. monocytogenes 16 mm, S. aureus
20 mm, P. aeruginosa 20 mm, E. coli 16 mm, and K.
pneumoniae 17 mm.?* In this study, it can be said that
antimicrobial results are caused by plant species which
are different from other studies.

Conclusion

In this study, it was determined that 7. isatidea nutrient
contains, antioxidant and antimicrobial properties as well
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as many other plants belonging to Brassicaceae. It is
especially important to investigate the glucosinates of the
plant. Because of its thorny structure, the plant which can
not be used as a vegetable can be transformed into a dried
powdered form of powder and can be consumed with
water in the form of a decoction or infusion. The plant
can be mixed with powdered petroleum jelly and used as
an external wound healing agent.
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ABSTRACT

The release of greenhouse gas emissions into the atmosphere as
aresult of anthropogenic sources and industrial applications has
triggered the increase in global temperatures called global
warming and related climate change. Phosphogypsum (PG) is a
by-product of the wet process phosphoric acid (H3POs)
production process, which chemically consists of calcium
sulfate dihydrate (CaSO4.2H20) with some impurities. Annual
PG accumulation has reached 300 Mtons and a strategy is
needed to ensure efficient, continuous and bulk consumption.
Due to the high amount of calcium it contains, PG is a material
suitable for use in COz capture and storage processes to form
stable solid carbonate compounds. This process, called mineral
carbonisation of PG, contributes to sustainable development
goals by providing the multiple benefits of both the utilisation
of an industrial by-product and the realisation of CO2 capture
and storage technology.

Keywords: Phosphogypsum, carbon capture, accumulation,
waste management.

Mineral karbonizasyon yontemiyle atik geri
dontistimii olarak fosfojips kullaniminin sera
salimlar iizerindeki etkisi

0z

Antropojenik kaynaklar ve endiistriyel uygulamalar sonucu
atmosfere sera gazi emisyonlarinin salinmasi, kiiresel 1sinma
olarak adlandirilan kiiresel sicakliklardaki artisi ve buna bagh
olarak iklim degisikligini tetiklemistir. Fosfojips (PG),
kimyasal olarak bazi safsizliklar igeren kalsiyum siilfat
dihidrattan (CaSO4.2H20) olusan, 1slak proses fosforik asit
(H3POa) iiretim prosesinin bir yan tirliniidiir. Y1illik PG birikimi
300 Mton'a ulagmig olup verimli, siirekli ve toplu tiiketimi
saglamak amaciyla bir stratejiye ihtiya¢ vardir. PG, icerdigi
yiiksek kalsiyum miktart nedeniyle kararli kati karbonat
bilesikleri olusturmak i¢in COz tutma ve depolama islemlerinde
kullanima uygun bir malzemedir. PG'nin  mineral
karbonizasyonu olarak adlandirilan bu siireg, hem endiistriyel
bir yan {riiniin kullaniminin hem de CO: yakalama ve
depolama teknolojisinin gergeklestirilmesinin birgok faydasini
saglayarak siirdiiriilebilir kalkinma hedeflerine katkida bulunur.

Anahtar Kelimeler: Fosfojips, karbon yakalama, biriktirme,
atik yonetimi.

1. INTRODUCTION

1.1. Greenhouse gas emissions and their effects on
climate change

Global warming is caused by carbon dioxide emissions
released as a result of industrial processes. Along with
the carbon dioxide emission resulting from industrial
processes, the increase in temperatures in sea water and
other living spaces with the effect of sunlight draws
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attention. This temperature increase has negative
consequences such as inefficiency for agricultural work,
especially in agricultural areas.!?

Carbon dioxide emissions generally occur from thermal
power plants, industrial plants that apply the heating
process, and processes that produce petrochemicals.
Compared to other greenhouse gases, it is accepted that
the main component of increasing greenhouse gas
emissions is carbon dioxide (CO;), which has a share of
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approximately 64%.* If current activities that cause CO,
emissions continue, stabilisation of greenhouse gas
concentrations will not be possible. Fossil fuels are the
dominant form in meeting the energy needs on a global
scale, and fossil fuel consumption accounts for
approximately 75% of anthropogenic CO; emissions. It
was stated that the annual average increase in CO»
emissions between 1970 and 2000 had a share of 1.72%,
and this rate increased to 2.75% between 2010 and 2014.
CO; emissions from the energy sector are around 30
billion tons per year and are expected to nearly double by
2050.** For this reason, stabilizing the CO, concentration
in the atmosphere is important and it is estimated that
CO; levels can be reduced by about 85% in the next
century, with a decrease of approximately 20 billion tons
of CO, formation per year.®’ This approach requires the
adoption of a common goal of controlling global
warming by reducing global CO, emissions.>® In this
context, research on greenhouse gas and carbon
neutrality has become widespread and important at the
global level. There have been several initiatives in recent
history to reduce carbon dioxide emissions. With these
initiatives, efforts are made to prevent the worldwide
temperature increase caused by carbon dioxide gas.'%!!

Reducing industrial carbon dioxide emissions, which
cause worldwide temperature rise, has been the main
goal. Therefore, various processes such as carbon capture
and capture come to the fore as an industrial carbon
removal method. However, the use of raw materials with
low carbon content is also considered as another method
to reduce carbon gas emissions. '»!* The carbon capture
and storage method is a critical method accepted by the
authorities within the scope of global greenhouse gas
emission reduction studies and included in the
scenarios.'* The basic steps of carbon capture and storage
methods consist of post-combustion and pre-combustion
CO; capture, separation from other gases, transport and
isolating CO; from the atmosphere by storage.'>”

1.2. Mineral carbonisation method

Mineral carbonisation is expressed as a decarbonisation
process for industrial plants that emit carbon dioxide,
using the carbon gas release to create raw materials using
the mineralisation method.'®'” However, there are also
challenges such as slowing the kinetics of mineral-fluid
reactions and accelerating the carbonation process
throughout the process.?’?!

Alkaline earth metals such as Ca and Mg are the most
suitable metals for the mineral carbonisation method.
However, due to their highly reactive nature, these metals
are rare and generally found in silicate forms.?” The most
common natural silicate minerals are olivine (Mg>SiO4),
wollastonite (CaSiOs) and serpentine (Mg3Si,Os(OH)4).
In addition to natural minerals, industrial solid wastes
such as waste ash, waste cement, steel production slag
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and mine waste are also potential materials that can be
used as raw materials in the carbonisation process.**

1.3. Phosphogypsum as an industrial waste and its
recycling mechanism

Phosphogypsum (PG) is a by-product of the "wet
process" based on the production of phosphoric acid
(H3PO4) by the decomposition of natural phosphate rock
in sulfuric acid (H2SO4) at 70-80 °C. Phosphogypsum is
formulated as calcium sulfate containing two moles of
water and must be cleaned of toxic elements before it can
be used as raw material.?** The PG formed as a result of
the process is in the form of sludge in the first stage and
is sent to the storage area after the filtering stage. During
the long storage period, the sludge loses its water content
and sediment formation is observed over time.

Various research studies have been reported in the
literature regarding the use of phosphogypsum in
agricultural areas.”'** PG is used as a setting retarding
additive or mineralizing agent in the clinker production
process in the cement industry.> 37 Although there are
applications in the building material sector for its use as
a filler in gypsum boards, brick manufacturing or road
construction, these studies are still under development
and cannot yet provide regular and bulk consumption of
PG.*

Phosphogypsum is formed during the production of
phosphoric acid and its amount may increase depending
on the production capacity of phosphoric acid.**** Due
to the internal contamination of phosphogypsum, its use
as a raw material is not common and requires
pretreatment for cleaning before use.*!**S

Since the use of phosphogypsum, which is produced as a
waste in phosphoric acid processes, as a raw material is
very limited, it is necessary to work on various methods
to improve the raw material properties.***’ In recent
studies carried out within the scope of reuse studies of
PG, it has been stated that natural ores or industrial
wastes show good efficiency in the production of sulfate
compounds, and there are various studies for the
conversion of gypsum to alkaline sulfates such as
(NH4)2S0s4, K>SOs4, NapSOs. Studying the mineral
carbonation process by reacting phosphogypsum with
magnesium, calcium and silicon salts can be considered
as important steps towards carbon dioxide removal. It has
been stated that the use of PG or FGD is more
advantageous than other industrial wastes.

1.4. Mineral carbonisation of phosphogypsum

Although the impurities it contains limit the usage area,
there are also environmentally friendly applications for
the recovery of PG. One of these approaches includes the
use of PG as a calcium source in the CO; capture capture
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process to reduce greenhouse gas emissions.®5’

Phosphogypsum contains a significant amount of
calcium and does not require a different granulation
process due to its low particle size, therefore, it does not
cause any energy cost in terms of pre-treatment of
phosphogypsum.!-5

The carbonisation process of PG can be done with
various alkaline sources. In the mineral carbonisation of
PG, PG acts as a carbon scavenger in the form of
Ca(OH); in the first stage. Sulphate is obtained by alkali
dissolution using soda, and then mineral carbonate is
formed by the instantaneous reaction with C0,.% In
another mineral carbonisation approach, ammonium
hydroxide (NH4OH) is used as an alkali source. In this
case, in the first stage, ammonium carbonate
((NH4)2CO:s) is formed by the reaction of (NH4)OH with
CO,, in the next stage ammonium sulfate (NH4)2SO4)
and limestone (CaCOs) are formed by the reaction of
(NH4)2C03 and PG.5058

Carbonate and sulfate salts formed as a result of mineral
carbonisation of PG are used as filling materials for
various applications in the fertilizer and building
materials industry. As a result of the mineral
carbonisation process, both economically valuable
products are obtained and large amounts of CO, are
converted into stable solids in the form of carbonate in
accordance with carbon emission control strategies.
Mineral carbonisation can be carried out by processes
such as membrane electrolysis or thermal degradation.>

2. RESULTS AND DISCUSSION

2.1. Environmental evaluation of mineral
carbonisation of phosphogypsum
Phosphogypsum may contain various elemental

contamination such as Fe and Al during storage due to
process conditions and raw material properties.
Environmental problems may occur in the long term due
to the disposal and regular storage of PG, its limited
recycling due to its chemical structure, and the limitation
of its use in different industrial areas, especially its
radionuclide content. While there are various studies on
the use of phosphogypsum as a raw material, the use of
phosphogypsum as a raw material in these processes is
well below the production amount of phosphogypsum,
and its use in the decarbonsation process by using it
together with carbon dioxide will provide significant
benefits to the greenhouse gas emission process.*®!

The high amounts of calcium and sulfur in
phosphogypsum make it a valuable by-product. In this
context, the methods to be developed for the evaluation
of PG can be evaluated as a positive solution both in
terms of using the stored material as raw material in the
production of products with added value, and as an
environmentally positive solution within the framework
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of waste minimisation.” Previous studies on

environmental applications of PG indicate that PG is a
suitable raw material as a mineral carbonisation process
to reduce CO; emissions, especially within the
framework of the CO, capture capture method.%*%
Again, according to literature studies, 100-280 Mtons of
PG can bind 26-72 Mtons of CQO,. In this context,
approximately 1:5 mass (PG:CO,) consumption can be
achieved as a result of mineral carbonisation of PG.

3. CONCLUSIONS

The amount of CO, released into the atmosphere as a
result of industrial applications has reached 30 Gtons per
year. Such a large and continuous release of CO, causes
some climatic consequences, especially global warming
and climate change problems. Within the scope of
combating global warming, which aims to reduce CO,
emissions, carbon capture and storage technologies are at
the forefront. Mineral carbonisation processes ensure that
CO, is stored as stable solid carbonates, preventing
further CO release.

Phosphogypsum, which is released as a reaction product
in the production of phosphoric acid, can be used as an
industrial raw material in processes such as the ceramic
industry. However, the amount of use in these processes
is far below the production rate. Storage due to the toxic
contamination it contains brings environmental risks.
Therefore, the use of phosphogypsum as a raw material
in larger scale industries is becoming important.

The increase in carbon dioxide emissions as a result of
industrial processes causes an increase in temperature in
the atmosphere and climate irregularities. Various
decarbonsation methods are being studied to reduce
carbon dioxide emissions. Mineral carbonsation is one of
the important processes that stand out among these
processes. Increasing the raw material properties with the
phosphogypsum mineral carbonsation process will be a
very important step in reducing industrial carbon
emissions.
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ABSTRACT

In the present study, in order to reveal the differences in the
germination of forage pea varieties at different salt
concentrations and the differences in the physical properties of
the roots and seedlings, the effect of different salt
concentrations on nine different varieties of forage peas was
carried out in Bilecik Seyh Edebali University, Faculty of
Agriculture and Natural Sciences, Agricultural Research and
Biotechnology Center Laboratories in 2022. The effects of
different salt concentrations (0, 25, 50, 75, 100, 125, 150, 175
and 200 mM) on nine forage pea cultivars (cv. Uriinlii, cv. Tore,
cv. Ates, cv. Guifredo, cv. Taskent, cv. Ozkaynak, cv. Kurtbey,
cv. Uysal and cv. Nany) during the germination and early
seedling stage were examined. The experiment was carried out
according to Completely Randomized Factorial Designs with 3
replications. In the research; germination speed and power, root
dry and fresh weight, root dry and fresh length, seedling dry and
fresh weight, seedling dry and fresh length were investigated.
According to the results obtained, a significant decrease was
observed in germination speed and power, root dry and fresh
weight, root dry and fresh length, seedling dry and fresh weight,
seedling dry and fresh length of forage pea cultivars due to
increasing salt concentration. It was determined that cv. Tore
field pea has the highest germination rate and power. In
addition, cv. Tore is followed by cv. Ates in all parameters. The
cultivars with the lowest germination rate and vigour were cv.
Guifredo and cv. Uysal. As a result, the growth of forage pea
varieties slowed down due to increasing salt concentration.

Keywords: Field Pea (Pisum arvense L.),
germination, seedling growth

salt stress,

Bazi1 yem bezelye ¢esitlerinde farkli tuz
konsantrasyonlarinin ¢imlenme ve erken fide
asamasinda etkisi

0z

Bu caligsmada, farkli tuz konsantrasyonlarin da yem bezelyesi
gesitlerinin ¢imlenme ve olusan kok ve fidelerin fiziksel
ozelliklerindeki farkliliklarini ortaya koymak amaciyla, farkli
tuz konsantrasyonun yem bezelyesinin dokuz farkli g¢esidi
iizerine etkisi incelenmek iizere Bilecik Seyh Edebali
Universitesi Ziraat ve Doga Bilimleri Fakiiltesi Tarimsal
Arastirma ve Biyoteknoloji Merkezi Laboratuvarlarinda 2022
yilinda gergeklestirilmistir. Biri kontrol ve sekiz farkli tuz
konsantrasyonunun (25, 50, 75, 100, 125, 150, 175 ve 200 mM)
dokuz farkli yem bezelye cesidinin (Uriinlii, Toére, Ates,
Guifredo, Taskent, Ozkaynak, Kurtbey, Uysal ve Nany)
¢imlenme ve fide gelisimi iizerine etkileri incelenmistir.
Deneme 3 tekerriirlii olarak tesadiifi parselleri faktoriyel
deneme desenine gore yiiriitlilmistiir. Arastirmada, ¢imlenme
hiz1 ve giicii, kok kuru ve yas agirhigi, kok kuru ve yas
uzunlugu, fide kuru ve yas agirligi, fide kuru ve yas uzunlugu
incelenmistir.  Elde edilen sonuglara gére yem bezelyesi
cesitlerinde artan tuz konsantrasyonuna bagli olarak, ¢cimlenme
hiz1 ve giicii, kok kuru ve yas agirligi, kok kuru ve yas
uzunlugu, fide kuru ve yas agirhgi, fide kuru ve yas
uzunlugunda belirgin bir azalis goézlenmistir. En yiliksek
¢imlenme hiz1 ve giicline sahip olan Tore yem bezelyesi gesidi
olarak tespit edilmistir. Ayrica Ates ¢esidi tiim parametrelerde
Tore cesidini takip etmistir. En diisiikk ¢imlendirme hizi ve
giicline sahip cesitler ise Guifredo ve Uysal tespit edilmistir.
Sonug olarak artan tuz konsantrasyonuna bagli olarak yem
bezelyesi ¢esitlerinin gelisimi yavaglamistir.

Anahtar Kelimeler: Yem bezelyesi (Pisum arvense L.), tuz
stresi, ¢cimlenme, fide geligimi.
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1. INTRODUCTION

As a result of the rapid increase in the world population
day by day, balanced and adequate nutrition problem has
emerged and this situation has increased the importance
of agricultural areas and animal production. Parallel to
the population increase, the number of animals could not
be increased to the desired level and this situation was
also reflected in the red meat prices. In addition,
adequate attention has not been given to the correct
management of pastures and improvement studies and
to increase the cultivation areas of forage crops for
ensuring the adequate and balanced feeding of our
current animals. However, animal husbandry is
extremely important in terms of the development of
countries, increasing export potential, supplying raw
materials to industry, preventing unemployment in rural
areas, and providing new employment.'*

In countries with developed animal husbandry, the
cultivation rate of forage crops constitutes 25% of the
total agricultural land in England, 30% in Italy, 31% in
the Netherlands and 36% in Germany.* It constitutes
13.65% in Tiirkiye and this ratio needs to be increased
in order to close the roughage deficit in the country.**
For this reason, field pea (Pisum arvense L.), which has
a high nutritional value and is preferred by animals, is
an important forage plant at the point of closing this
deficit. In addition, field peas, whose grains, green and
dry grass are used as a forage plant, are preferred both
as a pasture plant and as a green manure crop.””’ In
addition, field peas which are grown for animal feeding
as silage are delicious as well as their high nutritional
value.® However, salinity is an important problem for
forage crops, especially for field peas.’

While plants continue their lives, diseases, damages or
physiological changes occur that prevent their
development. The negative changes that occur in the
plant in these situations, are called stress. This stress is
the condition that prevents growth, development and
metabolism in the plant. Stress first negatively affects
the metabolic and physiological mechanisms, and then
causes damage to the plant and a decrease in product
quality. Stress factors are divided into two as abiotic and
biotic agents according to their source. Stress factors
show their effects on the plant simultaneously and in
combination. Abiotic stress agents are environmental
factors such as temperature, frost, drought, salinity,
excess water, radiation, oxidative stress, wind, various
chemicals and nutrient deficiency in the soil, while
biotic stress agents are pathogens, insects and herbivores
including viruses, bacteria and fungi.>!’

Biotic and abiotic stress factors significantly limit plant
growth and cause large yield losses in agriculture.'!!?
Especially abiotic stress factors prevent the survival of
plants. The importance of these stress factors will
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increase in the future due to global climate change.
According to 2003 report of the Intergovernmental
Panel on Climate Change, crop production in Europe has
decreased by about 30% due to the stress factors™'?
salinity which is one of the abiotic stress factors, is the
primary factor that will directly affect crop yield today
and in the future.'*'® According to the data of Food and
Agriculture Organization of the United Nations (FAO,
2018), the area of salty soils in the world continues to
increase regularly, data claims that 50% of them will
face salinity problem by 2050.5'%!7 Currently, over 6%
of the world's land area and 20% of the world's irrigated
land is affected by salinity salinity causes water deficit
by reducing the osmotic potential of the solutes in the
soil, even in well-irrigated soils, thus making it difficult
for the roots to draw water from the surrounding
environment (soil solution).'®!?

Salinity is the accumulation of salt near the soil surface
when the salts mixed with the groundwater due to
washing in arid and semi-arid regions reach the soil
surface by capillary way and the water evaporates and
leaves the soil. This situation changes the soil structure
and causes significant losses in plant yield and quality.
In addition, salinity is not a concept limited to arid and
semi-arid regions. The reason is that all soils and water
resources on the earth contain a certain amount of salt,
regardless of their quality.>*’

It is critical to study different genotypes of abiotic stress
factor such as salt stress in order to grow field peas
efficiently. Due to this critical situation, Avci et al.?! and
Demirkol et al.” studied the effects of salt stress on the
germination and early seedling growth of field pea in
Tiirkiye. In another study, Okgu et al.”, Petrovic et al.”?,
and Pereira et al.”* studied the responses of different pea
genotypes to salt stress. In addition, they revealed that
salinity reduces root and seedling formation and
explained that this effect is dependent on salt
concentration differences. The aim of this research is to
evaluate the relationship between germination rate and
germination rate and root and seedling growth of four
types of field pea genotypes in sterile conditions and at
different salt concentrations. The purpose of the study
was to determine the germination rates and strengths,
fresh and dry weights of some proprietary feed peas at
different salt concentrations, and to improve this
characteristic of feed pea varieties with low salinity
tolerance by gene transfer in the continuation of the
study.

2.MATERIALS AND METHODS

This study was carried out in 2022 at Bilecik Seyh
Edebali University Faculty of Agriculture and Natural
Sciences Agricultural Research and Biotechnology
Center Laboratories to examine the effects of different
salt concentrations on germination and seedling
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development in nine different cultivars of field peas.
Registered varieties such as cv. Uriinlii, cv. Tore, cv.
Ates, cv. Guifredo, cv. Taskent, cv. Ozkaynak, cv.
Kurtbey, cv. Uysal and cv. Nany was used in the study.
Nine different concentrations of NaCl (0, 25, 50, 75,
100, 125, 150, 175 and 200 mM) solutions were used in
the study. Six ml of NaCl solution for each doses were
added to each petri dishes containing five forage pea
seeds. The seeds were firstly subjected to surface
sterilization by mixing them with a 20% bleach solution
for 7 minutes. Germination papers were first placed in
sterile petri dishes, then 6 ml of NaCl solutions were
added, and the seeds with surface sterilization were
placed in each petri dishes with forceps as to be 5 seeds
each. Afterwards, it was left to germinate for 8 days at
20+2°C in the climate chamber. The seeds were checked
daily and the seeds with a rootlet length of 2 mm were
considered as germinated. Seed germination speed at the
end of the 5th day and the seed germination power at the
end of the 8th day were calculated as described by
Demirkol et al.’ and Okgu et al.”2. Mean germination
speed/ power was calculated with the formula of Ellis
and Roberts?:

Germination Seed/ Power (%) = (Number of germinated
seeds/total number of seeds) x100

2.1.Determining the root and seedling lengths

At the end of the 8th day, the roots and seedlings of the
germinated seeds were cut with the help of a scalpel. The
lengths of these roots and seedlings were measured with
the help of a ruler.

2.2.Measuring the fresh and dry weights of the roots
and seedlings

At the end of the 8th day, the roots and seedlings of the
germinated seeds were cut with the help of a scalpel.
Each of these roots and seedlings was weighed on
sensitive scales and their wet weights were determined.
Then, each root and seedling were dried in an oven at
65°C for 48 hours and dry weights were measured on a
precision scale.

2.3.Statistical analysis

Data were subjected to Completely Randomized
Factorial Designs analysis of variance, and the post hoc
tests were performed using Duncan’s Multiple. >

3.RESULTS AND DISCUSSION

In the study, it was revealed that different salt
concentrations have significant effects on the
germination and seedling growth of field pea varieties.
It was revealed that cv. Tore, cv. Ates, cv. Ozkaynak and
cv. Tagkent field pea cultivars had high germination
rates.
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Among these varieties, cv. Tore showed salt tolerance
up to 175 mM salt concentration. It was determined that
the germination rate of cv. Tore and cv. Tasgkent at 200
mM salt level decreased by compared to the control
condition. In cv. Guifredo and cv. Uysal, the
germination rate at 25 mM salt concentration decreased
according to the control condition. At 200 mM salt
concentration, in addition to cv. Uysal, the germination
rate decreased in cv. Urunlu, cv. Ozkaynak, cv. Kurtbey
and cv. Nany according to the control condition. In
general, it was determined that the increase in salt
concentration adversely affected the germination rate at
150 mM and higher concentrations. (Figure 1).
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u75

=100
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Figure 1. Germination speed of field peas at different salt
concentrations (%)

Similarly, it was revealed that the germination power
was parallel to the germination rate. At a salt
concentration of 175 mM, the cv. Tore field pea has the
highest germination power (Figure 2). Similar to these
findings, Kiigiikdzcii and Avcr? stated that the increase
in salinity began to negatively affect germination at 10
ds/m and higher levels. Demirkol et al.® observed a
significant decrease in germination rate in parallel with
increasing salinity after 90 mM. Contrary to these
findings, Okgu et al.?” and Avci et al.”! reported that the
germination percentage did not change according to the
salinity level.In general, a decrease in root length was
observed depending on the increase in salt
concentration. In the mean salt concentration, decrease
in root length was detected according to the control
condition. It was revealed that the least decrease in root
length at 200 mM salt concentration compared to the
control condition was Tore and Ates field pea varieties.
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Germination Power of Forage Peas
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Figure 2. Germination power of field peas at different salt
concentrations (%)

According to the control condition, the highest decrease
was observed in the product with 25 mM salt
concentration and in Tagkent field pea varieties. Tore
has the longest root length at 150 mM, which is the
critical salt concentration for germination speed and
power. The highest root length was determined in To6re
and Ates varieties at 200 mM salt concentration (Figure
3).

10,00 Root Length of Forage Peas

9,00
8,00
7,00 m25
6,00 m50
5,00 u75
4,00 .
3,00
2,00
1,00

0,00 200
o A 2 Q
’za(\'b &o@ 0\\9 é’z’(\
g

H kontrol

=100

m125

=150

w175

Figure 3. Root length of field peas at different salt
concentrations (cm)

A decrease was observed in seedling length depending
on the increase in salt concentration. The maximum
decrease in seedling length was observed in Guifredo,
Kurtbey and Ozkaynak field pea varieties. On the other
hand, the decrease in seedling length was observed in
Uriinlii, Tore, Ates and Uysal field pea varieties. The
longest seedling length was determined in Tore, Ates,
Ozkaynak and Nany field pea varieties at 150 mM,
which was determined as the critical salt concentration.
All of the field pea varieties were significantly affected
by the 200 mM salt concentration. In the study, root
length was affected by lower salt concentrations than
seedling length. Root length began to be affected at 25
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mM salt concentration. Seedling length showed a
significant decrease around 100 mM salt concentration
(Figure 3 and Figure 4). Similar to these findings,
Kiiciikézcii and Aver®’ revealed that the salt rate of 20
ds/m negatively affects almost all varieties. Demirkol et
al.® also found that salinity affected seedling growth
negatively and the effect of pea genotypes on roots
started at lower doses than shoots.

Seedling Length of Forage Pea
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Figure 4. Seedling length of field pea varieties at different
salt concentrations (cm)

In general, root fresh weight decreased with the increase
of salt concentration The highest wet weights among all
roots were obtained in the control condition. Excluding
Ates and Kurtbey field pea varieties, the root fresh
weight was close to the control condition (Figure 5).
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Figure 5. Root fresh weight of field pea varieties at different
salt concentrations (g root™)

Depending on the increase in salt concentrations, a
decrease in root dry weight was also observed. In
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addition, no change was observed in root dry weight of
Urunlu and Nany field pea varieties up to 175 mM salt
concentration. In other field pea varieties, various
fluctuations in root dry weight values were determined
depending on the salt concentration (Figure 6).

Root Dry Weight of Forage Pea
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Figure 6. Root dry weight of field pea varieties in different
salt concentrations (g root™)

Depending on the increase in salt concentrations, a
decrease in seedling fresh weight was also observed.
Guifredo field pea variety with the highest seedling
fresh weight among all varieties. However, the highest
decrease was observed in Guifredo variety at 50 mM salt
concentration with according to the control condition.
When evaluated by root and seedling weight, root fresh
weight was found to be higher in the control condition,
while root and seedling fresh weights were found to be
close at 200 mM salt concentration. While there were
fluctuations in the dry weight of the seedlings at
different salt concentrations, no significant change was
observed when the 200 mM salt concentration was
compared with the control conditions (Figure 7 and
Figure 8).

In the studies, among all seedlings, the highest fresh and
dry weights were obtained in Golyaz1 variety under
control condition, while the lowest value was obtained
in 20 dS/m treatment in Taskent variety. As the salinity
increased, fresh and dry weights decreased in all
varieties except Ozkaynak, whose fresh and dry weights
were positively affected by 5 dS/m salinity.

The lowest rate of decrease in fresh weight at 15 dS/m
salinity was also recorded in this variety. Although all
decrease rates in fresh weight of seedlings at 20 dS/m
were similar, Taskent variety was the most affected.
Avci et al.21, Tsegay and Andargie28, Demirkol et al.5
who supported these findings reported that fresh and dry
weights of seedlings decreased in pea genotypes due to
increased salinity.
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Seedling Fresh Weight of Forage Pea
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Figure 7. Seedling fresh weight of field pea varieties at
different salt concentrations (g seedling™!)
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Figure 8. Seedling dry weight of field pea varieties at
different salt concentrations (g seedling™!)

4.CONCLUSION

As a result, a significant decrease was observed in
germination speed, germination power, root-seedling
length and fresh-dry weights depending on the
increasing salt concentration. It has been determined
that Tore field pea variety has the highest germination
rate and power. In addition, Ates field pea followed Tore
variety in all parameters. The varieties with the lowest
germination speed and power are Guifredo and Uysal
forage peas. The critical salt concentration was
determined as 150 mM in the research. The first change
for salt-tolerant varieties was observed at this
concentration. As a result of the present study, salinity-
sensitive and tolerant varieties were determined and the
effects of different salt concentrations was investigated.
Ates and Tore varieties resistant to salt stress, Guifredo,
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and Uysal varieties that are sensitive will be used to
improve salt tolerance by gene transfer as the
continuation of this study. In this way, the effects of the
Osmyb4 gene, which will be transferred to Ates, Tore
Guifredo, and Uysal varieties, on salinity will be
evaluated. Also, more comprehensive field studies will
be conducted to determine salinity stress.
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ABSTRACT

Collagen, the main protein of the body, is extracted in different
forms and used as reservoir for drug delivery. The aim of this
work was to obtain a drug delivery system based on collagen-
dextran matrices cross-linked with glutaraldehyde as support
and flufenamic acid and/or microcapsules with flufenamic acid
as drug. The flufenamic acid was encapsulated in polymeric
microcapsules consisting in gelatin, alginate, and sodium
carboxymethyl cellulose. The morphology of matrices was
determined by water absorption and contact angle. The
biodegradation was performed in collagenase solution. In
vitroflufenamic acid release profiles were built and the kinetic
mechanism was set according to different mathematical
models. The pharmacological studies followed the effect of
collagen formulations treatment on the healing process of
Wistar rats which were induced experimental wounds. The
studied matrices proved that flufenamic acid delivery can be
controlled, and the healing can be completed using the designed
spongious matrices.

Keywords: Collagen sponges, microcapsules, flufenamic acid,
kinetic release, wound healing.

Doku yaralanmalari i¢in polimer-flufenamik

asit salinim sistemleri
0z

Viicudun ana proteini olan kolajen, farkli formlarda ekstrakte
edilmekte ve ilag salmimi i¢in rezervuar olarak
kullanilmaktadir. Bu ¢alismanin amaci, destek olarak
glutaraldehit ile ¢apraz baglanmis kolajen-dekstran matrislerine
ve ilag olarak flufenamik asit ve/veya flufenamik asitli
mikrokapsiil iceren ilag dagitim sistemleri elde etmektir.
Flufenamik asit, jelatin, aljinat ve karboksimetil seliilozdan
olusan bir polimerik mikrokapsiil ig¢inde kapsiillenmistir.
Matris morfolojisi, su emme ve temas agis1 Olgiimleriyle
belirlenmigtir. Biyolojik bozunma kolajenaz soliisyonunda
gerceklestirilmistir. In vitro flufenamik asit salimi, USP
aparatina uyarlanmis bir sandvig cihaz kullanilarak belirlenmis,
kinetik mekanizma ise ilag salimi i¢in mevcut matematiksel
modellere gore belirlenmistir. Hayvan caligmalarinda wistar
sicanlarinda deneysel olarak indiiklenen yaralarda kolajen
formiilasyonlarinin  iyilesme siireci {izerindeki etkileri
izlenmigtir. Caligmada elde edilen matrisler incelendiginde,
flufenamik asit iletiminin kontrol edilebilecegini ve iyilesmenin
tamamen bu siingerimsi matrisler kullanilarak yapilabilecegini
kanitlamustir.

Anahtar Kelimeler: Ilag salimi, kolajen, siinger, flufenamik
asit.
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1. INTRODUCTION

Worldwide, the most common type of injury are skin
lessions, such as burns.! In the past, the treatment of
burns was rudimentary, and a lot of patients died because
of hypervolemic shock immediately after they suffered
burns.

So far the progress of burn therapy, regenerative
medicine and pharmacotherapy is high. However,
treating burn injuries continue to be a challenge for
researchers, despite the numerous materials available for
the patients.’ In the last years many biomaterials for skin
regeneration based on natural and synthetic polymers and
loaded with drugs have been developed. In order to
design the most suitable biomaterial for the treatment of
burn wounds, several natural polymers were selected for
this research.

Collagen represents the major fibrous protein component
in connective tissues like skin, tendons, ligaments,
cartilage, cornea etc. Having exceptional characteristics,
collagen is used in varied scaffolds as wound dressings,
antithrombogenic surfaces, ophthalmologic shields,
artificial blood vessels, bone substitutes and valves, and
drug delivery systems.*® Gelatin is obtained by collagen
denaturation and, in the medical field, is used for the
manufacture of hydrogels, nano and microsphere
particles, nanofibers, pharmaceutical additives and drug
delivery carries for bioactive substances.’”’

Alginate is a natural polymer from polysaccharides class,
extracted from a diversity of brown algae such as
Macrocystis  pyrifera, Laminaria hyperborea, and
Ascophyllum nodosum.""'? This natural polymer, due to
its good properties like adequate bioadhesion and
mucoadhesion, and biocompatibility is used in medical
applications mostly for drug delivery systems and
microencapsulation of cells.'*!

Dextran is a polysaccharide produced by lactic acid
bacteria or their enzymes in the presence of sucrose.'>!®
The main properties of dextran such as anticoagulant,
antithrombotic, osmotic agent, and intravenous plasma
lubricant, also cryopreservative for vaccines and organs'’
allow it to be a good candidate in medical field. Sodium
carboxymethyl cellulose is furthermost a promising
cellulose byproduct. Due to its representative
characteristics like mechanical strength, tunable
hydrophilicity, viscous properties,low price it can be
used in food industry, functionalisation of textiles,
pharmaceutical industries and biomedical area.'®

An ideal biomaterial for burn injuries must present proper
biocompatibility, absorbability, antimicrobial properties,
ease of use and personalised tailored size.!” A scaffold
based only on natural polymers can not reach such
requirements so an ideal wound dressing needs to be
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combined with some anti-inflammatory drugs. For this
reason, flufenamic acid was selected. Flufenamic acid is
a non-steroidal anti-inflammatory drug (NSAID) from
the anthranilic group with analgesic, anti-inflammatory
and antipyretic characteristics.”’

In our previous work we studied similar spongious
matrices but with different concentrations of polymers
and cross-linking agent.?' The aim of this study was the
development of a multiparticulate drug delivery system
based on a polymeric matrix, with controlled delivery of
an anti-inflammatory drug loaded with polymeric
microparticles and also with anti-inflammatory drug
incapsulated, and the investigation of their
biocompatibility, release kinetics and efficiency using
preclinical studies involving animal models.

2. MATERIALS AND METHODS
2.1. Materials

Type 1 fibrillar collagen gel (Coll) of 1.92% (w/v) and
gelatin (Gel) with 2.5% were obtained from calf hide
using technology developed in Collagen Department of
INCDPT Division ICPI.?? Collagen matrices consisted in
collagen gel, dextran sulfate sodium salt (Dex) and
flufenamic acid (FA). The microcapsules consisted in
gelatin, sodium carboxymethyl cellulose (CMCNa) and
sodium alginate salt. The crosslinking was performed
with glutaraldehyde (GA) for matrices and calcium
chloride (CaCl,) for microcapsules. Sodiumhydroxide
was of analytical grade and the water was distilled.

2.2. Preparation of microcapsules and matrices
The microcapsules and matrices were prepared according
with the method previously described”' and have the

compositions presented in the Table 1 and Table 2.

Table 1. Composition of microcapsules (MC).

Gelatin CMCNa Flufenamicacid Sodium alginate
(g%) (g%) (g%) (g%)
7.50 0.75 2.00 1.00

Two types of hydrogels were prepared with the following
compositions: hydrogel H1 which consists in collagen
(1.2%), dextran (0.6%) and glutaraldehyde (0.012%) and
hydrogel H2 which consists in same composition as H1
with 0.5% flufenamic acid. The matrices were
prepared by lyophilisation of hydrogels and their

compositions are the following:

The obtained matrices named M1-M4 were than
characterize by physical-chemical, biopharmaceutical
and pharmacological analysis.
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Table 2. Composition of matrices.

Matrices M1 M2 M3 M4
H1:MC H1:MC H2 : MC H2 : MC
Ratio between hydrogels and microcpsules
70 : 30 85:15 70 : 30 85: 15

2.3. Determination of water uptake capacity

The water up-take was determined in triplicate on
matrices using the methods previously described’* at
different intervals of time. The following equation
(Equation 1) was used to measure the water uptake
capacity of matrices:

w-Wwd

Water Uptake = Y v a/9

(Equationl)

Where Wy, represents the weight of wet matrices at
immersion time, and Wq— the weight of dry scaffolds.

2.4. Enzymatic degradation

Enzymatic degradation of matrices was measured in
triplicate using collagenase solution as previously
described”. The following equation (Equation 2) was
used to measure the amount of degraded matrices:

%weight loss = L= ¥ 100 (Equation 2)
where Wi represents the initial weight, and Wz the last
weight.

2.5. Goniometric analysis

The monitoring of the sponges porous surface properties,
quantified by contact angle (CA°) values, was carried out
with CAM 101 (KSV Instruments), using the pendant
drop dynamic method, as reported in our previous
paper.”® Using the Young equation (Equation3) the drop
shape was fitted and the contact angle was evaluated.*

Ys¢ = Vsi + Vig ' €0sO (Equation 3)
Where ysg is the interfacial tension S/G, ys;, — the
interfacial tension S/L, y;g— the superficial tension L/G,
and 6- the contact angle.

2.6. Flufenamic acid in vitro release

The flufenamic acid in vitrodelivery from the spongious
collagen-basedmultiparticulate systemswas conducted
with a paddle dissolution apparatus equipped with a
sandwich device, as mentioned in our previous Works.?!
The amount of drug released at different periods of time
was  spectrophotometrically assessed using the
calibration curve (A15" = 534, A = 288 nm), and the

drug cumulative release (%) was determined.
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The experimental kinetic results were quantified using
the general model — Power law(Equation4), also applying
two particular cases for n=0.5 (Higuchi model) and n=1
(Zero-Order), and the flufenamic acid transport
mechanism was established.

I = pxtn

- (Equation 4)
where m/m., represents thefraction of the drugdelivered
at different time ¢, k — the kinetic constant, n — the release
exponent correlated with the drug transport mechanism.

2.7. The animal model for the induced burns

The pharmacological experiments were performed as we
previously described.”**> Briefly, experiments were
conducted using Wistar rats (200+10g weight), obtained
from The Animal Biobase of “Carol Davila” University
of Medicine and Pharmacy, Bucharest. The rats were
kept in laboratory standard conditions. The
pharmacological experiments were conducted according
to the Directive 2010/63/EU of the European Parliament,
respecting the national legislation. Five groups of five
animals each were used. Thermic lesions were induced
under anaesthesia with a special device of 10mm
diameter on dorsal area. The animals were than treated
with multiparticulate collagen-basedsystemsin the form
of spongeas follows: M1-M4 sponges were used for the
Group 1 — Group 4, and the control group (no dressing on
the wounded area) was Group 5. A digital camera was
used to evaluate the evolution of wound surface
morphology, and the wound diameter was measured
every two days during 17 days. In the following equation
(Equation)) the healing processesis described according
to the size profile of wound:

Healing process % =
(Wound diameter at t = 0) — (Wound diameter at t)
x

100
Wound diameter att = 0

(Equation 5)

where the wound size is evaluated as an average
measurement of the longest and shortest dimensions of
the affected area. When of the crust of the lesion fell of,
the wound was considered healed.

For all animals, two aspects were monitored: lesion
inflammation or infection, and modification on the
animal health status.

For statistical interpretation of data, GraphPad Prism 6
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was used. All the results were presented as mean with
standard deviation. The Kolmogorov—Smirnov test was
applied for normal distribution calculation and the
statistical significance was calculated using ANOVA, ¢-
student and Bonferroni tests. For the p<0.01 the results
were highly significant, for the p<0.05 — significant, and
for the p>0.05 — not significant, respectively.

3. RESULTS AND DISCUSSION

A primary indicator for the surface wettability of
spongious matrices was considered the drop shape,
recorded with a digital camera, corresponding to the
contact angle value, as presented in Figurel.

o 6.0 06

M1 - CA=87.53

M2 - CA=84.32° M3 - CA=100.62° M4 - CA=95.48°

Figure 1. Images of the drops shape for the spongious matrices
and the associated contact angle values.

The contact angle values are in the range 84.32 t0100.62°,
being strongly influenced by the way of drug
incorporation. The highest values of CA were reported
for M3 and Md4collagen sponges with the
drugincorporated in both forms (free and encapsulated),
while for M1 and M2 sampleswith drug incorporated
only in encapsulated form the CA was smaller, the
decrease being about 1.09-1.19 times. It seems that the
presence of the FA in free form in the designed
multiparticulate systems led to a decrease of the sponge
surface hydrophilicity. On the other hand, a smaller
amount of microcapsules (M2 and M4) determined a
decrease of CA values, corresponding to a higher
spongious matrices surface wettability. The ability of
water up-take of collagen matrices with free and
encapsulated FA was determined. The swelling degree
after 2 and 72 hours is presented in Figure 2. The matrices
M1 and M2 presented higher up-take ability after 2 and
72 hours. The matrices with higher content of flufenamic
acid (M3 and M4) (both free and encapsulated) are more
hydrophobic than the others (M1 and M2). The results of
water up-take are in correlation with contact angles
values and show that both drug and amount of
microcapsules influence the wettability properties of
spongious matrices.

n

2 hours 72 hours

9
8

2
0
M1 M2 M3 M4

Figure 2. Water up-take for spongious matrices.

Water uptake (2/g)

W m o
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Enzymatic degradation of matrices was tested at different
time intervals. All matrices presented good
biodegradability, losing less than 20% mass in 24 hours

(Figure 3).

Figure 3. Enzymatic degradation of spongious matrices.

25

15 min @30 min FEL

HISh

Degradation (%)

The most degradable matrix was M1 with lowest amout
of flufenamic acid and without microcapsules. After 72
hours the matrices with flufenamic acid in free form were
totally degraded and the ones with microcapsule content
were degraded about 70% during same time.

The in vitro flufenamic acid kinetic profiles from
collagen spongious matrices were built as drug
cumulative released (%) as a function of time (Figure 4).

10U

=]
=

Cumulative Mufenamic acid release (%)

O T T T T T T T T
0 10 20 30 40 50

Time (houts)

Figure 4. Time-dependent cumulative release patterns of
flufenamic acid from spongious matrices collagen-based.

As seen in Figure 4, comparable kinetic profiles for all
delivery systems with FA incorporated in various forms
were obtained, and described by two stages: in the first
hour, the initial drug released was between 13.52% (M1)
and 16.37% (M4), followed by a gradual and slower
release for a prolonged period up to 48hours.The
cumulative flufenamic acid released percentage after 48
hours has varied between 76.77% (M1) and 89.22% (M4)
(Table 3). It can be noticed that the samples with FA
incorporated in free and encapsulated forms presented a
higher burst release due to the presence of drug available
in free form, near to the surface and delivered through
desorption. After 48 hours, the released drug percentage
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for the sponges with drug incorporated in both forms is
higher compared to sponges with the drug presented only
in encapsulated form, the increase being about 1.07-1.20
times.The kinetic data are in line with sponges surface
wettability (contact angles values around 90° or higher
than 90°) and absorption capacity, respectively. As we
underlined in our previous works,>"*® this kinetic
behaviour is desired for the local inflammation control as
well as for monitoring the pain associated to a cutaneous

wound lesion taking into account that the first 12-48
hours are important inhealing process of a wound. The
experimental data were fitted with different kinetic
models, obtaining the highest correlation coefficient (R)
for the the Power law model. The respect of this model
indicates a non-Fickiandrug transport mechanism, the
release exponent being between 0.37 and 0.40.The
parameters specific to this model (the kinetic constant
and the release exponent) are listed in Table 3.

Table 3. Correlation coefficients for drug delivery from spongious matrices collagen-based obtained by application of various kinetic
models; kinetic parameters specific to Power law model; drug released (%).

Collagen
Higuchi Power law Release Kinetic constant Drug released
spongious Zero-order model
model model exponent (1/min™) (%)
matrices
M1 0.9684 0.8420 0.9805 0.40 0.036 76.77
M2 0.9523 0.8051 0.9750 0.37 0.045 73.79
M3 0.9630 0.8289 0.9767 0.39 0.039 82.55
M4 0.9590 0.8211 0.9747 0.39 0.044 89.22

3.1. The effect of collagen formulations treatment on
the healing of induced wounds, using the animal
model

In the case of treatment with collagen sponges (Figure 5,
Figure 6, Figure 7 and Table 4), we observed that when
applying  spongious matrices M3 and M4
(drugincorporated in both forms), the lesiondiameter was
maintained constant during the first 3 days of treatment.
Starting from day 5, a significant decrease (p<0.01) of
approximately 30% in lesion diameter was recorded in
the case of the M4 multiparticulated system, followed by
formulation M2 (flufenamic acid incorporated only in
encapsulated form) with a 10% decrease of diameter
compared to first day of treatment. From the applied
treatments, the M4 formulation (flufenamic acid

incorporated in the collagen spongious matrices both in
free and encapsulated form) presentedthe most favorable
dynamics of the healing process in the induced lesions
throughout the 17 days of monitoring. The results, in this
case, were statistically significant in the first 10 days
compared to control group, not treated (p<0.05).

The  physical-chemical, biopharmaceutical  and
preclinical studies involving animal models obtained in
the present work are in line with the ones presented in our
previous studies for similar spongious matrices but with
different concentrations of polymers and cross-linking
agent, conducting to flufenamic acid controlled delivery
systems which proved that the healing processes can be
completed using the designed multiparticulate
formulations.*"*

Table 4. The evolution of lesion (mm) diameter in experimentally induced woundsafter the treatment with collagen formulations.

Collagen Day 1 Day 3 Day 5

Day 7 Day 10 Day 12 Day 14 Day 17

Sponges Mean+DS Mean+DS Mean=DS

MeantDS  MeantDS  MeantDS  MeantDS  MeantDS

M1 10.00£0.00  10.75+0.50  10.5+0.60

M2 10.0040.00  10.83£0.25  9.00+0.25

M3 10.00£0.00  10.00£0.80  10.25+1.30

M4 10.00£0.00  9.86+0.40  7.00+2.20

Control 10.00£0.00  11.75£0.40  10.75+0.40
ANOVA (p) NS p<0.01 p<0.01

8.50+0.60  6.75+1.00  4.00+2.80  0.50+0.60  0.00+0.00
7.75£1.00  5.75£1.00  4.00+0.80  0.75+1.50  0.00+0.00
7.25£1.30  5.50£0.60  4.00+0.80  0.25+£0.50  0.00+0.00
5.33£1.00  3.14£1.90 1.71£1.70  0.29+0.50  0.00+0.00
8.67£1.20  7.83+1.10  5.50+0.50  2.00£2.00  1.00+1.40

p<0.01 p<0.01 p<0.05 NS NS
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Figure 5. The healing process evolution for the induced wounds treated with collagenic sponges based on flufenamic acid in
comparison with control group (not treated).
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Figure 6. The diameter evolution of experimentally induced wound on animals after the treatment with collagenic formulations based
on flufenamic acid (M1-M4) and control group.
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Figure 7.The healing process dynamics after the treatment with collagen formulations (M1-M4) and control group (not treated) in

wounds induced on animals.

4. CONCLUSIONS

Drug delivery systems based on polymeric supports
consisting in collagen and dextran, and flufenamic acid
as drug were developed to be used in different skin
lesions. To perform a controlled drug release, the
flufenamic acid was presented both free in polymeric
support and encapsulated. The microcapsules with
flufenamic acid were embedded in spongious matrices in
order to be slowly released for a longer period of time.
Both water uptake and contact angle studies showed that
the drug incorporated in both forms (free and
encapsulated) influences the properties of spongious
matrices, making them more hydrophobic. The stability
to collagenase showed a slow biodegradation, of less than
20% mass loss in 24 hours. The release profiles indicated
a non-Fickiandrug transport mechanism. The kinetic
patterns  obtained are suitable for the local
inflammationand pain control specific to a cutaneous
wound.The presence of flufenamic acid both in free and
encapsulated form, respectively only in encapsulated
form in the polymer matrix demonstrated a positive effect
on the evolution of the healing process from the first days
without topical and systemic side effects. The use in
burnstreatment justified by the in vivo results of
multiparticulate systems with anti-inflammatory drug
showed significant pharmacological effects and no side
effects with the acceleration of the healing process in case
of medium severity burns.
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ABSTRACT

This study aims to explain the relationship between green
economy, green finance and the environment. Environmental
sensitivities have become related to production with the
increase in global warming, greenhouse gas emissions and
carbon emission rates. As the relationship between production
and the economy has increased, some financial instruments
have emerged in order to be environmentally sensitive. The
purpose of these products is primarily to protect the
environment and to include environmentally conscious people
in this financial system. In the personal or individual green
finance dimension, green mortgages, green home loans, green
commercial building loans, green car loans and green credit
cards are the most prominent green financing. When
environmental green financing products related to firms are
analyzed, we come across some products such as green project
finance, green securities, green technology leasing, carbon
finance. Eco fund and carbon fund in the asset management
section, car insurance, carbon insurance and green insurance in
the insurance section. Considering that our environment is
essential for all humanity, supporting and increasing green
financing products that are environmentally sensitive will make
more positive contributions both our country and the world.

Keywords: Environment, green projects, finance, financing,
green financing.

Yesil finansman ve ¢evre iligkisine bir bakis
oz

Bu ¢alismada; Yesil ekonomi, yesil finansman ve cevre iliskisi
anlatilmaya caligtlmistir. Cevre ile ilgili hassasiyetler kiiresel
1s1nma, sera gazi salinimi ve karbon emisyon oranlarinin artist
ile birlikte, iiretim ile iliskili hale gelmistir. Uretim ve
ekonomiyle ilgili hale gelmesinden sonra cevreye duyarli
olabilmek agisindan bazi finansal enstriimanlarmn ortaya
¢ikmigtir. Bu enstriimanlarin amaci ilk olarak ¢evreyi korumak
ve gevre bilincine duyarli kisileri bu finansal sistemin igerisine
dahil etmektir. Kisisel veya kisilere yonelik yesil finans
boyutunda yesil ipotek, yesil ev kredisi, yesil ticari bina kredisi,
yesil araba kredisi ve yesil kredi kartlar1 en dne ¢ikan yesil
finansman. Firmalar ile ilgili ¢evreci yesil finansman iriinler
incelendiginde karsimiza yesil proje finansmani, yesil menkul
kiymetler, yesil teknoloji kiralama, karbon finansi gibi bazi
tirtinler ¢ikmaktadir. Varlik yonetimi bdliimiinde ise Eco fonu
ve karbon fonu, sigorta alaninda boliimiinde araba sigortasi,
karbon sigortast ve yesil sigorta karsimiza ¢ikmaktadir.
Cevremizin biitiin  insanlikk agisindan  gerekli oldugu
diistiniildiigiinde, ¢evre hassasiyeti olun yesil finansman
iiriinlerinin desteklenmesi ve arttirilmasi hem iilkemiz hem de
diinya i¢in daha olumlu katkilar sunacagi goriillmektedir.

Anahtar Kelimeler: Cevre, finans,

finansman, yesil finansman.

cevreci projeler,

1. INTRODUCTION

The term green economy was first used in 1989 in the
book 'Blueprint for a Green Economy' by Pearce et al.
Green economy was emphasized within the framework
of sustainable development. Especially after the 2007-
2008 crisis, the green economy started to gain an
important place and agenda. The price increases and
increased resource utilization, food shortages and climate
changes that occurred with the crisis brought the green
economy to the forefront.!
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With the development and spread of the green economy,
it has begun to be seen as a potential solution to global
crises. The United Nations Environment Program
(UNEP) put forward the idea of a 'green stimulus
package' involving large-scale public investment in green
technologies. In 2008, UNEP published an agreement for
the development of the green economy called the 'Green
Economy Initiative'.” This agreement demonstrated the
potential of the green economy to support economic
recovery by addressing the challenges of global crises,
such as reducing carbon dependence, protecting water
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resources and ecosystems, and reducing poverty. It has
been defined as the only fundamental way for the
sustainability of the global economy.’

Nevertheless, many researchers see it as an opportunity
for a fundamental change in the global economy.*’ In
addition, many authors have argued that there are
numerous job opportunities that will arise with the green
economy.®!’ In recent years, the green economy has
been growing rapidly with products and services that
improve the environment, including renewable energy,
more efficient and cleaner technology, construction of
environmentally friendly buildings, ecosystem-based
products and services.'!

A green economy is an economic system driven by public
and private investment that aims to reduce carbon
emissions and pollution, increase energy and resource
efficiency, and prevent losses in ecosystems and
biodiversity.'> Green economy is also defined as an
economic model that contributes to ecological order and
improves people's welfare and social equity while
eliminating environmental risks.

1.1. Neoclassical economics

Economics is a social science that seeks to explain the
basis on which societies decide what, how and for whom
to produce.'® For this reason, the choices that individuals,
societies, businesses and governments make in dealing
with resource management and the effects of these
choices constitute economics.'

In this case, economics is divided into two classes: micro
and macro. Microeconomics can be defined as the study
of the effects of choices made by individuals and
businesses on government and the market, while
macroeconomics can be defined as the study of global
and national economies. '

1.2. Ecological economy

Ecological economics is a branch that examines the
interaction of ecological and economic systems.'® It is an
economic system developed in response to the fact that
neoclassical economics largely ignores the environment
and nature. Environmental economics and natural
resource economics, which are sub-disciplines of
neoclassical economics, mostly consider the relationship
between the economy and the environment. It considers
nature and environmental economics as a subsystem of
economics. In ecological economics, the economy is
considered as a subsystem of nature.'®!’

Some defining features of ecological economics aim to
preserve natural capital, the stocks of natural ecosystems
that provide goods and capital, since natural capital
cannot be substituted by man-made capital. Because
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natural resources are finite, economic growth cannot be
achieved indefinitely, and ecological economists
envision that zero growth will ensure a stable economy.
Consideration of ecosystem-dependent economies is
defined as the involvement of social values in decision-
making during the fair distribution of goods and services
and focusing on sustainable economic development
economics to improve human welfare.'

1.3. Green economy

Green economy has emerged not as an academic branch
like other economic systems but in a grassroots-oriented
way and is defined as different and more diverse than
other economic approaches. Green economy was born
out of the work of environmental and green politicians
and is based on the process of building a sustainable
economy in practice. Issues such as social justice and
equality are prioritized over economic efficiency. It aims
to meet the needs of the planet within an economic
structure that includes women and the poor. It aims for a
static, stable economy rather than economic growth. It
focuses on human interaction rather than the market
economy.'®

1.4. Environment and economy

Changes in the environment and economy and their
possible effects also have an impact on each other.
Specifically, there are four main services that the
environment provides to the economy,'®

- Resource Supply: Natural resources are transferred
from the environment to the economy and used in
production. Examples are non-renewable resources such
as minerals and fossils, and renewable resources that are
grown and harvested.

- Waste Pool: Waste materials are generated as a result of
production and consumption. As a result, it is provided
from natural resources.

- Convenience: The environment provides people with
sources of recreation and pleasure, such as walking,
swimming and similar activities.

- Life Support: The maintenance of activities necessary
for human life is a prerequisite for economic functioning.
1.5. Green growth

It is a strategy that supports economic growth by
minimizing the impacts on the environment in line with
ecological principles and sustaining the progress of
economic processes by creating employment and
additional opportunities.

1.6. Green finance

It is an approach to direct the financial sector towards
low-carbon and efficient resource use and to pursue a
policy compatible with climate change.
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1.7. Benefits of green finance

On the financial industry; Mr. Noh (2018) explained the
benefits of green finance in the industrial field as the
development of new financial products and risk
management, the mobilization and efficient operation of
emission trading markets, and the development of risk
management techniques, Effects on economic growth;
With the development of new technologies, the design of
efficient trade schemes and the promotion of
environmentally friendly industries, On Environmental
Remediation; Actively trading in the carbon market,
regulating legislation for a better environment and
utilizing green technologies and industries for a better
environment.'’

2. GREEN FINANCIAL PRODUCTS

Green finance products that need to be researched and
developed within the green economy are analyzed under
four main headings. These are Retail finance, asset
management, corporate finance and Insurance.

Generally, governments advance green finance strategies
by providing and strengthening financing for green
industries and green growth, developing new financial
products, providing private investments in green
infrastructure and sustainability, strengthening and
financing green management corporate practices, and
creating new markets for environmental goods and
services. In addition, when green bonds are analyzed in
terms of issuer types, green bond issuance financial and
non-financial institutions are the leading ones.”’

Retail Finance
Green Mortgage
Green home loan

Green commercial
building loan

Green car loan
Green credit card

Corporate Finance
Green project finance
Green securities
Green technology rental
Carbon finance

Green
Financial
Products

Insurance
Car insurance
Carbon insurance
Green insurance

Asset Management
Eco fund

Carbon fund

Figure 1: Green financial products. A
2.1. Retail finance
Retail finance is a financing system that includes

commercial and personal products for SMEs and
individuals. Services such as loans, credit cards,

mortgages, cash management, insurance and bank
transfers constitute retail services.”” Loans provided for
special purposes for projects carried out to prevent
environmental problems are called 'Green Loans'. The
most important feature of green loans is the provision of
resource transfer for projects that meet the specified
standards.

2.1.1. Green mortgage

The reconstruction or renovation of buildings by
preserving and basing on environmental values includes
the green mortgage application. It is referred to as
"mortgage" in the US and "mortgage" in Turkey.?® The
Energy Efficiency Mortgage (EEM) is a government
mortgage that provides financing at below-normal
interest rates to develop and maintain green construction
and save energy in all types of individual or institutional
construction. Buildings in North America that have
received low-interest financing to regulate green
buildings have lower energy consumption and less
pollution and waste than conventional buildings. Green
mortgages are granted in return for at least 20% energy
savings in new buildings and at least 30% energy savings
in renovated buildings.**

Advantages of a green mortgage

-Lower interest rate

-Saving money

-Valuation of properties in case of certification
-Reimbursement of report costs

2.1.2. Green car loans

Green auto loans are incentive loans that encourage
individuals to consume alternative fuels or to consume
less fuel. Green auto loans cover all vehicles that emit
less waste into the environment.

With the SmartWay "Smart Road" application organized
by the United States Environmental Protection Agency
(EPA), SmartWay has carried out studies to increase the
transportation efficiency of vehicles by comparing them
and aims to improve them by making measurements
based on these values. With the SmartWay app;

- US trucking companies saved $33.4 billion in 2017.

- The SmartWay partnership contributed 248.8 million
oil to save energy and reduced reliance on external fuels.
- 119 million tons of Nox, Co2 and Pm gases that cause
air pollution were prevented from being emitted and
clean areas were protected.”

2.1.3. Green credit cards

It is a product launched to make credit cards, which are
widely used today, environmentally friendly. Green
credit cards encourage the market for low-carbon
services and products. A rewarding system is also applied
for the purpose of incentivizing.
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Green credit card purchases of environmentally friendly
products, paperless transactions, use of public
transportation and reduced electricity and gas
expenditures earn points that can be cashed in or traded.
Discounts are offered for recycled vehicles and electric
charging. The use of green credit cards, which enable
them to reduce their carbon footprint, prevents the use of
substances that harm the environment in many areas.
Using e-mail instead of receipts in invoice collections,
sending credit card statements via e-mail, and using
credit cards more instead of paper money reduce paper
production and protect trees.

2.2. Corporate finance

Investments that provide financing support to projects
that support and care about the protection of natural
resources, taking into account environmental and social
impacts, have supported the development of green
banking services and products.?®

Corporate Finance is a concept that provides high levels
of resources to governments, corporations and public
institutions. These activities are seen as financial
instruments that trade in equities, foreign exchange and
commodities.

2.2.1. Green project finance

The financing of a project is managed by the project
sponsor and the company owned by the sponsor, together
with project customers, suppliers and the company
owning the project, signing many different and complex
contracts. Usually, the borrowing banks undertake most
of the debt financing.”’

Project finance is a mix of debt and equity, as well as non-
financeable finance. Loans for projects in areas such as
petrochemicals, telecommunications and natural
resources are referred to as project finance.

2.2.2. Green securities

Securities are the securitization of illiquid assets such as
credit card receivables, mortgages, car loans and lease
payments, and their transformation into a structure that
can be bought and sold in the market.”’

Green securities, on the other hand, provide the
opportunity to transfer these securitized assets to banks
by reducing the risks of environmental projects and how
the risks of the projects will be regulated, maintaining the
relationship between the financiers providing guarantees
for the products and the institutions and banks.3’ In
addition, when bonds, which are securities, are used for
certain projects, they are called green bonds and are used
only for these projects.?! Green bonds, which were first
introduced by the World Bank and the European
Investment Bank in 2007, were created to be used in
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projects that will provide positive
environmental and climatic events.>?

support  for

2.2.3. Green technology

Green technology leasing is defined as equity and similar
investment instruments provided by venture capitalists to
projects in return for a certain share for new and
renewable ideas and technological products.®® The
investment, which is realized with the motto of high risk,
high return, continues with the transfer of experience and
knowledge, feasibility and managerial support in
addition to the capital provided.

2.2.4. Carbon finance

Carbon finance, which started with the initiative of the
World Bank, is based on the calculation of the economic
value of the damage caused by carbon emissions to the
atmosphere. Carbon trading, which emerged with the
emission limitations of the Kyoto Protocol, is a barter
system in the market area. In this trade, there is an
emission amount determined for each country, and
countries that exceed this amount either go to restrictions
or pay for their rights to countries below the amount.*?

Carbon finance is a specialized form of environmental
finance that calculates the cost of living by examining
climate changes where carbon emissions are high. Since
carbon dioxide makes up the majority of the gases
released in these emissions, the market is called the
carbon market. This market, which represents gases such
as carbon dioxide, greenhouse gases and methane,
operates by trading carbon stocks of high-emitting gases.
Payments in the carbon market can be made through
payments such as stocks, cash, borrowing, as well as
emission reductions. It is also accepted as a payment
method in technological investments that will realize
emission reduction.**

Mandatory carbon markets are not yet at the desired
levels and are limited in number. Developing them for
each country will be a factor for enforcement and

sanctions and will strengthen carbon emission
limitations.
2.3. Asset management

Wealth management refers to the business unit of core
banks that have realized rapid growth in the financial
sector. It provides financial advice to clients in the areas
of mutual funds, price discounting, planning, tax,
managed asset programs and global banking.*

Asset management companies were established with the
aim of restructuring, collecting and selling the
receivables and asset purchases of insurance funds,
financial institutions and banks in the financial sector.*®
In addition, it includes products such as green public



Int. J. Chem. Technol. 2022, 6 (2), 122-128

DOI: http://dx.doi.org/10.32571/ijct.1199748

Kahraman

E-ISSN: 2602-277X

funds, green investment and carbon funds provided by
projects that support environmental and climatic
development and protection.’’

2.3.1. Green public fund

Green public funds provide loans with lower interest
rates to green projects to be invested in by deducting
interest and dividend income determined by banks from
taxes. Savings from green public funds can only be used
for green projects.’’ Launched in 1995 in Dutch banks
with government support, the green fund initiative is a
first in this field. Individuals who purchase green fund
shares or invest in a green bank are exempt from capital
allowances or income tax or can benefit from discounts.
This paves the way for loans with lower interest rates.””

2.3.2. Green investment funds

Green investment funds are a type of investment that
enables businesses to fund investments that will benefit
green areas such as renewable energy, waste
management and organic agriculture. Green investment
funds avoid the complexity that can arise in the
investment planning process. The first priority of funding
is based on social and environmental criteria, followed by
environmental and social policies. Finally, the funds are
used for potential investments.”> Funds used in previous
projects are transferred to other stages with knowledge,
experience and experience, and in this process, savings
are achieved by being effective in reducing transaction
costs and environmental impacts.*’

2.3.3. Carbon fund

Carbon funds have been established in cooperation with
development banks and private organizations to support
projects developed to reduce gas emissions. While
carbon funds established with government incentives aim
to maintain Kyoto criteria, companies reduce costs and
achieve savings in funds realized with private financing
support. Carbon funds offer investors corporate social
responsibility, cash return and marketing opportunities.??
The World Bank established the first global carbon fund
in 2000, and by 2014, a total of 187 million tons of carbon
dioxide emissions were achieved. The Protoip Carbon
Fund (PCF) was created by the World Bank for emission
reduction purposes and the fund has a value of 180
million dollars.*®

2.4. Insurance

Insurance consists of two main categories. General and
Life Insurance. Green insurance is included in the general
insurance category. Green insurance is divided into two
categories. Insurance for products that vary according to
their environmental characteristics and insurance
products used for green technologies and carbon
emission reduction activities.
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Sustainable insurance is seen as a system that engages
stakeholder interactions by identifying, managing and
assessing social, governance and environmental issues
and risks. It also aims to achieve environmental,
economic and social sustainability through risk
management and mitigation, innovative solutions and
improved business performance.*’

The Sustainable Insurance Fund (SIF) was launched in
2016 as an organization that keeps climate change on its
agenda and collaborates with insurance regulators while
promoting sustainability (SIF, 2018). Taking into
account environmental and social activities, insurance
companies work on identifying environmental factors
and directing capital to green assets.*’

2.4.1. Green car insurance

Green vehicle insurance is a type of insurance that
supports the use of fuel-saving, hybrid and electric
vehicles for environmental benefits.’’ Usage-based
vehicle insurance (UBI) is an insurance concept referred
to as pay-per-mile, pay-as-you-go. This type of insurance
is usage-based and insurance costs vary depending on
how and how much the vehicles are used. *’ This type of
usage-based insurance protects the consumer and
becomes more socially attractive, which depends on
premium payments and driver behavior.*!

2.4.2. Green building insurance

Traditional insurance products are insufficient to cover
specialized systems and materials, complex structures
and resources required for green building projects.
Providing quality products that help prevent and improve
climate and environmental losses are green building
insurance products. Prevention of energy loss, use of
environmentally friendly materials in building
construction and repair, coverage of losses and various
discount opportunities are green insurance products.”’

Increasing costs for energy and carbon emissions have
led to a growing emphasis on buildings from an
environmental point of view. Comparing green building
investments with conventional buildings raises a number
of insurance issues. Products that address green building
features are provided through green insurance in a
scheme that aims to protect the environment.*?

2.4.3. Carbon insurance

Climate and environmental changes are highly affected
by human use of fuels for heating. Gas emissions
resulting from human activities have become an
important issue that cannot be ignored. In the face of this
situation, measures are taken with carbon insurance.
Carbon insurance is a form of insurance that supports
activities such as reducing the emission of greenhouse
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gases and keeping emissions under control, including
carbon sequestration strategies.**

Carbon insurance is a type of insurance that emerged to
protect low-carbon projects and projects aimed at
reducing gas emissions. It is a type of insurance that
offers investors flexible and appropriate regulations such
as emission reductions and carbon credits.

3. RESULT AND DISCUSSION

With the emergence of the green finance economy,
environmentally sensitive green finance products have
also emerged. The purpose of these products is primarily
to protect the environment and to include
environmentally conscious people in this financial
system. Green mortgages, green home loans, green
commercial building loans, green car loans and green
credit cards are the most prominent green financing
instruments in the retail market. In addition to these, on
the corporate finance side, instruments such as green
project finance, green securities, green technology
leasing and carbon finance provide institutional support.
Eco fund and carbon fund in the asset management
segment, and car insurance, carbon insurance and green
insurance in the insurance segment. As can be seen, when
we consider the increasing global warming,
environmentally conscious development and our debts to
the environment, the financial system's efforts to find a
place in this field by finding solutions to global warming
are increasing day by day, and these demands are being
met in the international arena. While the spread of green
financing instruments not only to environmentalist
individuals and companies but also to all segments of the
public is a debt we owe to the environment, the fact that
we will make the world we live in together a more
liveable and healthier place is foreseen.
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ABSTRACT

LiBeH3 has been considered as a solid-state hydrogen storage
material. This study investigated Pnma orthorhombic phase of
LiBeH; under pressure. Ab initio constant pressure molecular
dynamic simulation under pressure was adopted. The results
depicted a phase transition from Pnma orthorhombic phase to
P21/m monoclinic phase at 270 GPa simulation pressure. The
stability of each phase was examined using elastic constants.
Based on the well-known Born stability criteria, both phases
showed mechanical stability. Several moduli have been
computed via elastic constants. The B/G ratios, Cauchy
pressures and Poisson’s ratios investigation revealed that
LiBeHs is brittle at Pnma phase whereas it is ductile at P21/m
phase. The electronic band structures and partial and total
density of states of phases were also obtained. A 2.058 eV band
gap was seen for Pnma phase, and 3 eV band gap was seen for
P21/m phase.

Keywords: Phase transition, ab initio, elastic properties,
stability.

Yiiksek basing altinda LiBeH3'lin yapisal faz
gecisinin incelenmesi

0z

LiBeHs, kati hal hidrojen depolama malzemesi olarak
literatiirde ¢alisilmaktadir. Bu ¢alisma, basing altinda
LiBeHs'lin Pnma ortorombik fazini aragtirmaktadir. Ab initio
sabit basing molekiiler dinamik simiilasyonu kullanilmstir.
Sonuglar, 270 GPa simiilasyon basincinda Pnma ortorombik
fazdan P21/m monoklinik faza bir faz ge¢isini gostermektedir.
Her fazin kararliligi, elastik sabitler kullanilarak incelenmistir.
Born stabilite kriterlerine gore, her iki faz da mekanik kararlilik
gostermektedir. Elastik sabitler araciligiyla diger modiiller de
hesaplanmistir. B/G oranlari, Cauchy basinglart ve Poisson
oranlari, LiBeHs'iin Pnma fazinda kirilgan yapiya sahip
oldugunu, P2i/m fazinda ise siinek yapiya sahip oldugunu
gostermektedir. Elektronik bant yapilar incelendiginde, Pnma
fazi igin 2.058 eV bant aralig1, P21/m fazi i¢in 3 eV bant aralig1
goriilmektedir.

Anahtar Kelimeler: Faz gegisi, ab initio, elastik ozellikler,
kararlilik.

1. INTRODUCTION

The continues increase in world population and fast
urbanization has caused a dramatic rise in energy
consumption and demand. Most of this demand is still
met by using hydrocarbon fuels and classic ways of
producing electricity which has resulted in an increase in
CO; emissions and other greenhouse gases. This created
climate change crises and global warming. One of the
popular options to mitigate climate change is that
adopting renewable energy which provides a shift from
hydrocarbon-based energy production to clean and
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sustainable energy production. One challenge with that
approach is to store energy to avoid fluctuations and
setbacks. Recently, hydrogen has been suggested as a
reliable energy carrier to ease the problem of storing and
transporting renewable energy safely.” Hence, there is
growing research in literature to shift carbon-free energy
generation using hydrogen as a carrier. Hydrogen energy
requires four main stages: production, storage, transport,
and end wuse. There are several materials under
investigation for each stage. Hydrogen can be stored in
different ways, compressed hydrogen storage, liquid
hydrogen, metal hydrides and chemical hydrides.> The
elemental metal hydrides such as magnesium hydride
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(MgH>») and aluminum hydride (AlH3) has been studied
extensively.*® Due to slow kinetics of hydrogenation and
dehydrogenation and strong bond between magnesium
and hydrogen MgH, is still under investigation. Light
metal hydrides are under intense investigation due to
their high hydrogen gravimetric density. LiBeH3 is one
of the studied materials which exists in different
symmetries. The experimental studies are very little since
Be is very toxic and requires precautions. Thus, most
properties of LiBeHs were investigated computationally.
The elastic properties of cubic and orthorhombic LiBeH3
was studied by Rehmat et al.” It was reported that LiBeH;
can be used as active photocatalyst for green hydrogen
production.® The electronic and mechanical properties of
cubic and orthorhombic LiBeHs; have been studied
theoretically.”!! In this study, elastic and electronic
properties of orthorhombic LiBeH; will be studied by
adopting first principles calculations. Also, phase
transitions of LiBeHs will be examined under high
pressure. The obtained phases then will be evaluated for
phase stability.

2. METHOD OF COMPUTATION

The ab initio computations were adopted within the
density functional theory as implemented in SIESTA
method in order to calculate structural, elastic, and
electronic properties of LiBeH;.'> Perdew-Burke-
Ernzerhof, generalised gradient approximation (PBE-
GGA) was used for the exchange correlation potential.'®
A 8x8x8 k-points mash was taken to sample the Brillouin
zone. The electronic wave functions were expanded in
plane-wave basis to set up a kinetic energy cut off to 30
Ry, while the cut off energy for the electronic charge
density was set to 300 Ry. LiBeHs was modelled using
2x2x2 cells with periodic boundary conditions for 160
atoms supercells. The Brillouin zones (BZ) were sampled
with the 8x6x8 and 8x8x8 Monkhorst-Pack k-point mesh
for Pnma and P2;/m structures, respectively.

3. RESULTS AND DISCUSSION

3.1 Structural evolution

Firstly, the formation energy of LiBeHs has been
computed as -0.221 eV. The negative formation energy
indicates synthesizability and dynamic stability. Then
pressure was applied to the structure. The volume change
under pressure using the simulation cell (160 atoms with
a 2x2x2 cells) is shown in Figure 1. V/V, represents a
reduction in volume compared to zero pressure volume.
The cell parameters at 0 GPa (Pnma phase) are a=4.6167
A, b= 6.4320 A and ¢ = 45438 A. The volume of
simulation cell drops at 270 GPa about 3.90 %, and a
phase transition from Pnma to P2;/m is observed. The
cell parameters are 4.5217 A, b=4.5762 A and ¢ =4.7251
A. The atomic structures at both phases are illustrated in
Figure 2.

It is possible to estimate the transition pressure higher
than the actual phase transition due to adopting perfect
structures and boundary conditions during the
simulation'*'® Hence, the thermodynamic theorem to
calculate the transition pressure was also used. The
energy-volume calculations have been carried out and
presented in Figure 2 and Figure 4. The details of
calculation was given in ref.'” It can be seen from Figure
4 that both phases cross each other at 34 GPa, suggesting
that the transition from Pnma phase to P2i/m phase
occurs at 34 GPa.
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Figure 1. The change in volume of LiBeH3; under
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Figure 2. The structure of LiBeH; at a) 0 GPa (Pnma) b)
270 GPa (P21/m).
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3.2 Elastic properties

38

Table 1. The obtained elastic constants (GPa) of phases of LiBeHs.

Elastic constants of materials provide information about
materials’ response when an external pressure is applied
along with mechanical properties.””?! For an
orthorhombic structure, there are nine elastic constants
defined as C11, sz, C33, C44, C55, CG(J, C12, C13, (:23.22’23
The well-known Born criteria for an orthorhombic

structure is given as;’*%3

Ci1+Cs33—2C13>0, Cu
+Cp»p—2C12>0,

Ci1>0, C2>0, C33>0, Cas>0, Cs5>0, Cos> 0,
Cii+Cp+C;i3+2(Cin+Ciz+Ca3)>0,

173 (Ci2 + Ci3 + C3) < B < (Cii + Cn + Cs3)
(D

Cpn+C33—2Cp3 >0,

There are thirteen independent elastic constants are
defined for a low symmetry monoclinic structure as
C;.2%?" Born stability criteria is defined as;***’

CuCos— 246> 0,
Cii+ O+ C33+ 2(C2 + Cis

C33Css— C35> 0,
Cn+ C3—203>0
+(3)>0
Coa(C33Css — C35) + 2003005C35— C23 Css— C25C33 > 0,
2[Ci5C5(C33C — C13633) + CisC3s(C2C13 — €12033)
+C5Ci5(Cr1Co3 — CaCi3)] — [ CPus (C2Cos— CP23) + 05
(Ci1Cs3— C?13) + C?35(C11C22— C?1))] + gCss> 0,

With g = €11C2Cs3 — C1iC%2 — CC3 — C3C0°12 +
2012013033 (2)

As can be seen from Table 1 that both Pnma and P2;/m
phase is mechanically stable. In order to investigate
mechanical properties of phases, other crucial parameters
have been -calculated using elastic constants and
presented in Table 2. Bulk modulus of LiBeH3 was found
to be 54 GPa in this study which is in a good agreement
with ref.!! (59.82 GPa) and ref.” (68.17 GPa). There is no
data found in literature to compare bulk modulus of
P21/m phase of LiBeHs.

Phases C|1 C[z C|3 C15 sz C23 Czs C33 C35 C.M C46 CSS C66 Refs.
Pnma  96.41 38.13 3241 100.05  27.73 93.78 52.34 36.46 60.65 This study
P2;/m 68549 25296 41479  58.11 757195  297.67 -4.72 680.11 -83.74 23818  -8.01 113.94 21797  This study

Table 2. The calculated Bulk modulus (B,GPa), Shear modulus G (GPa), Young’s modulus £ (GPa) , B/G and G/B ratios, and

Poisson’s ratios (o) of phases of LiBeHs.

Phases B G E B/G G/B o Refs.
Pnma 54.00 41.17 98.49 1.31 0.76 0.196 This study
P2,/m 449.75 162.65 43547 2.77 0.36 0.339 This study
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Brittleness and ductility of LiBeHs was examined using
B/G, G/B and Cauchy pressures. It was stated that a B/G
ratio higher than 1.75 indicates ductility and a B/G ratio
lower than 1.75 indicates brittleness.>**! In addition,
Pettifor’” stated that Cauchy pressure can also provide
information about ductility/brittleness and bonding
characteristics. Negative Cauchy pressure implies
brittleness and directional angular or covalent
bondingwhereas positive Cauchy pressure indicates
ductility and predominance of ionic bonding
characteristics. For an orthorhombic structure, Cauchy
pressure is Cx3-Cas for (100) plane, Ci3-Css for (010)
plane and Cj,-Cg) for (001) plane.®* Pnma phase of
LiBeH; has a B/G ratio of 1.31 which lower than 1.75,
thus Pnma phase of LiBeH; is brittle. Cauchy pressures
are -24.61 for (100) plane, -4.05 for (010) plane and -
22.52 for (001) plane. The negative values of Cauchy
pressures also suggest brittleness and angular/covalent
nature. On the other hand, P2,/m phase of LiBeH3 shows
ductile nature since its B/G ratio is higher than 1.75.
Cauchy pressures for P2;/m phase is calculated similar to
Pnma phase.* It is found as 59.49 GPa for (100) plane,
300.85 GPa for (010) plane and 34.99 GPa for (001)
plane. The positive values of Cauchy pressure confirm
ductile nature of P2;/m phase of LiBeHj3.

Frantsevich et al.** also stated that Poisson’s ratio () can
be used to determine ductility and brittleness of materials
by the ratio of 0.26. If the Poisson’s ratio is less than 0.26,
the material is brittle, if it is higher than 0.26, it is
classified as ductile. By evaluating, Poisson’s ratios of
phases, it can be confirmed that Pnma phase of LiBeHs
is brittle and P2;/m phase of LiBeH3 is ductile.

Shear modulus (G) of materials describe materials
response against shape change. Young modulus (E) gives
information about stiffness. By comparing two phases, it
is seen that P2;/m phase will show higher resistance
towards shape change and stiffer compared to Pnma
phase.

In addition to polycrystal elastic constants, Vickers
hardness and melting point of LiBeH3 is also computed.
Vickers hardness is obtained from Hy® = 0.1769G-2.899
and Hv® = 0.0608E relation and melting point is
computed using Tm = 354 + 4.5 (2C;;1+Cs3)/3
relation.>*%” From our calculations, Hy® = 4. 38 GPa and
HyE = 5.98 GPa are obtained for Pnma phase. Both values
are less than 10 GPa, thus Pnma phase of LiBeH; cannot
be classified as a hard material. The melting point of
Pnma phase of LiBeH3 is obtained as 783.9 K. For P2;/m
phase of LiBeH3, Hy® = 25.87 GPa and Hy® = 26.47 GPa
are obtained. It is seen that P2;/m phase of LiBeHs is a
hard material. The melting point is computed as 3430 K
for P2;/m phase.

3.3 Electronic properties

In order to investigate electronic properties of phases, the
electronic band structures and partial and total density of
states have been computed and presented in Figure 5 and
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Figure 6 for both phases. 0 eV was determined as Fermi
energy level. As can be seen from Figures that band gaps
are present for both phases. Pnma phase has 2.058 eV
band gap whereas P21/m phase has 3 eV band gap. The
band gap seems to increase with pressure. H-1s states
seem to contribute to the valence band for both phases.
Be-2s states seem to contribute to the conduction band
along with H-1s states.

a) b)
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Figure 5. The calculated electronic band structures of LiBeH3
at 0 GPa and at 270 GPa.
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Figure 6. The partial and total DOS of LiBeH3 at 0 GPa and at
270 GPa

4. CONCLUSION

This study investigated the structural, mechanical and
electronic properties of LiBeH3 under pressure. A phase
transition from Pnma phase to P2;/m phase was observed
at 34 GPa. The elastic constants evaluation depicted that
both phases are mechanically stable. The B/G ratio,
Cauchy pressure and Poisson’s ratio of Pnma phase
implied that Pnma phase of LiBeH3 is brittle which might
require extra attention when handling it. On the other
hand, P2;/m phase was found to be ductile. The electronic
band structure of phases showed band gap, indicating that
both phases of LiBeH3 is insulating.

Conflict of interests

1 declares that there is no a conflict of interest with any
institute, person, company, etc.

—TDOS]
—Li-ls
—Be-2s
—H-1s




Int. J. Chem. Technol. 2022, 6 (2), 129-134

DOI: http://dx.doi.org/10.32571/ijct.1190931

Yamgicier and Al

E-ISSN: 2602-277X

References

1. Ajanovic, A.; Sayer, M.; Haas, R., The economics and
the environmental benignity of different colors of
hydrogen. Int. J. Hydrogen Energy 2022, 47 (57), 24136-
24154,

2. Dawood, F.; Anda, M.; Shafiullah, G. M., Hydrogen
production for energy: An overview. Int. J. Hydrogen
Energy 2020, 45 (7), 3847-38609.

3. Andersson, J.; Gronkvist, S., Large-scale storage of
hydrogen. Int. J. Hydrogen Energy 2019, 44 (23), 11901-
11919.

4. Wolverton, C.; Ozolips, V.; Asta, M., Hydrogen in
aluminum: First-principles calculations of structure and
thermodynamics. PARvB 2004, 69 (14), 144109.

5. Ziittel, A., Materials for hydrogen storage. Mater.
Today 2003, 6 (9), 24-33.

6. Andreasen, A., Hydrogenation properties of Mg—Al
alloys. Int. J. Hydrogen Energy 2008, 33 (24), 7489-
7497.

7. Rehmat, B.; Rafig, M. A.; Javed, Y.; Irshad, Z.;
Ahmed, N.; Mirza, S. M., Elastic properties of
perovskite-type hydrides LiBeHs and NaBeH; for
hydrogen storage. Int. J. Hydrogen Energy 2017, 42 (15),
10038-10046.

8. Reshak, A. H., Photocatalytic water splitting solar-to-
hydrogen energy conversion: Perovskite-type hydride
XBeH; (X=Li or Na) as active photocatalysts. J. Catal.
2017, 351, 119-129.

9. Xiao-Jiao, S.; Zhi, H.; Yan-Ming, M.; Tian, C.;
Bing-Bing, L.; Guang-Tian, Z., Electronic structure and
optical properties of LiXH3 and XLiH; (X= Be, B or C).
Chinese Physics B 2008, 17 (6), 2222-2228.

10. Santhosh, M.; Rajeswarapalanichamy, R.; Priyanga,
G. S.; Kanagaprabha, S.; Murugan, A.; Iyakutti, K., A
first principles study of structural stability, electronic
structure and mechanical properties of ABeHs (A = Li,
Na). 2015, 7665 (1), 090015.

11. Vajeeston, P.; Ravindran, P.; Fjellvag, H., Structural
Phase Stability Studies on MBeH3; (M = Li, Na, K, Rb,
Cs) from Density Functional Calculations. /norg. Chem.
2008, 47 (2), 508-514.

12. Ordejon, P.; Artacho, E.; Soler, J. M., Self-consistent
order-N density-functional calculations for very large
systems. PhARvB 1996, 53 (16), R10441.

133

13. Perdew, J. P.; Burke, K.; Ernzerhof, M., Generalized
Gradient Approximation Made Simple. Phys. Rev. Lett.
1996, 77 (18), 3865-3868.

14. Yamcicier, C.; Merdan, Z.; Kurkcu, C., Investigation
of the structural and electronic properties of CdS under
high pressure: an ab initio study. Can. J. Phys. 2017, 96
(2), 216-224.

15. Kiirkeii, C.; Selgin, A.; Merdan, Z.; Yamgigier, C.;
Oztiirk, H., Investigation of structural and electronic
properties of B-HgS: Molecular dynamics simulations.
ChJPh 2018, 56 (3), 783-792.

16. Durandurdu, M., Orthorhombic intermediate phases
for the wurtzite-to-rocksalt phase transformation of
CdSe: An ab initio constant pressure study. Chem. Phys.
2010, 369 (2-3), 55-58.

17. Kiirk¢ii, C.; Merdan, Z.; Oztirk, H., Theoretical
calculations of high-pressure phases of NiF2: An ab initio
constant-pressure study. Russian Journal of Physical
Chemistry A 2016, 90 (13), 2550-2555.

18. Kiirkcii, C.; Merdan, Z.; Oztiirk, H., Pressure-
induced phase transitions and structural properties of
CoF>: An ab-initio molecular dynamics study. Solid State
Communications 2016, 231, 17-25.

19. Al, S.; Kurkcu, C.; Yamcicier, C., Structural
evolution, mechanical, electronic and vibrational
properties of high capacity hydrogen storage TiHy. Int. J.
Hydrogen Energy 2020, 45 (55), 30783-30791.

20. Bougherara, K.; Litimein, F.; Khenata, R.; Ucgun,
E.; Ocak, H.; Ugur, S.; Ugur, G.; Reshak, A. H,;
Soyalp, F.; Omran, S. B., Structural, elastic, electronic
and optical properties of CusTMSes4 (TM=V, Nb and Ta)
sulvanite compounds via first-principles calculations. J
Science of Advanced Materials 2013, 5 (1), 97-106.

21. Benzoudji, F.; Abid, O. M.; Seddik, T.; Yakoubi,
A.; Khenata, R.; Meradji, H.; Ugur, G.; Ugur, S.; Ocak,
H. Y., Insight into the structural, elastic, electronic,
thermoelectric, thermodynamic and optical properties of
MRhSb (M= Ti, Zr, Hf) half-Heuslers from ab initio
calculations. J Chinese Journal of Physics 2019, 59, 434-
448.

22.Li, P.; Zhang, J.; Ma, S.; Zhang, Y.; Jin, H.; Mao,
S., First-principles investigations on structural stability,
elastic and electronic properties of CosMs (M= W, Mo,
Nb) p phases. MoSim 2019, 45 (9), 752-758.

23. Subhan, F.; Azam, S.; Khan, G.; Irfan, M.;
Muhammad, S.; Al-Sehemi, A. G.; Nagqib, S. H;
Khenata, R.; Khan, S.; Kityk, I. V.; Amin, B., Elastic
and optoelectronic properties of CaTa,Os compounds:



Int. J. Chem. Technol. 2022, 6 (2), 129-134

DOI: http://dx.doi.org/10.32571/ijct.1190931

Yamgicier and Al

E-ISSN: 2602-277X

Cubic and orthorhombic phases. J. Alloys Compd. 2019,
785,232-239.

24. Ali, I. O. A.; Joubert, D. P.; Suleiman, M. S. H., A
theoretical investigation of structural, mechanical,
electronic and thermoelectric properties of orthorhombic
CH3NH3Pbls. The European Physical Journal B 2018, 91
(10), 263.

25. Rahmani, R.; Amrani, B.; Driss Khodja, K;
Boukhachem, A.; Aubert, P., Systematic study of elastic,
electronic, and magnetic properties of lanthanum

cobaltite oxide. Journal of Computational Electronics
2018, 17 (3), 920-925.

26. Liu, Q.-J.; Liu, F.-S.; Liu, Z.-T., Structural,
Mechanical, and Electronic Properties of Monoclinic
N>HsN3; Under Pressure. BrJPh 2015, 45 (4), 399-403.

27. Edrees, S. J.; Shukur, M. M.; Obeid, M. M., First-
principle analysis of the structural, mechanical, optical
and electronic properties of wollastonite monoclinic
polymorph. Computational Condensed Matter 2018, 14,
20-26.

28. Weck, P. F.; Kim, E.; Buck, E. C., On the mechanical
stability of uranyl peroxide hydrates: implications for
nuclear fuel degradation. RSC Advances 2015, 5 (96),
79090-79097.

29. Nan-Xi, M.; Chun-Ying, P.; Chao-Zheng, H.; Fei-
Wu, Z.; Cheng, L; Zhi-Wen, L.; Da-Wei, Z,
Mechanical and thermodynamic properties of the
monoclinic and orthorhombic phases of SiC,N4 under

high pressure from first principles. Chinese Physics B
2014, 23 (12), 127101.

134

30. Arikan, N.; Ornek, O.; Charifi, Z.; Baaziz, H.; Ugur,
S.; Ugur, G., A first-principle study of Os-based
compounds: Electronic structure and vibrational
properties. J Journal of Physics Chemistry of Solids
2016, 96, 121-127.

31. AL S., Investigations of Physical Properties of XTiH3
and Implications for Solid State Hydrogen Storage. In
Zeitschrift fiir Naturforschung A, 2019; Vol. 74, p 1023.

32. Pettifor, D., Theoretical predictions of structure and
related properties of intermetallics. J Materials Science
and Technology 1992, 8 (4), 345-349.

33. Liu, L.; Wu, X.; Wang, R.; Nie, X.; He, Y.; Zou,
X., First-principles investigations on structural and
elastic properties of orthorhombic TiAl under pressure.
Crystals 2017, 7 (4), 111.

34. Ran, Z.; Zou, C.; Wei, Z.; Wang, H., VELAS: An
open-source toolbox for visualization and analysis of
elastic anisotropy. Comput. Phys. Commun. 2022,
108540.

35.IN. Frantsevich, F. F. V., S.A. Bokuta, Elastic
constants and elastic moduli of metals and insulators.
Naukova Dumka: Kiev, 1983.

36. Wang, S.-L.; Pan, Y., Insight into the structures,
melting points, and mechanical properties of NbSi» from
first-principles calculations. 2019, /02 (8), 4822-4834.

37. Chen, H.; Yang, L.; Long, J., First-principles
investigation of the elastic, Vickers hardness and
thermodynamic properties of Al-Cu intermetallic
compounds. Superlattices Microstruct. 2015, 79, 156-
165.



Int. J. Chem. Technol. 2022, 6 (2), 135-141

DOI: http://dx.doi.org/10.32571/ijct.1170911

Kose

E-ISSN: 2602-277X

@m International Journal of Chemistry and Technology

http://dergipark.org.tr/ijct

Research Article

A Schiff base molecule based on phenanthrene: structural characterisation and DNA
binding capabilities

Aysegiil KOSE

Department of Property Protection and Safety, Elbistan Vocational School, Kahramanmaras Istiklal University, Kahramanmaras,

Tiirkiye

Received: 4 September 2022; Revised: 4 October 2022; Accepted: 27 October 2022

*Corresponding author e-mail: aysegul kose@istiklal.edu.tr

[Citation: Kése, A. Int. J. Chem. Technol. 2022, 6 (2), 135-141]

ABSTRACT

A new phenanthren based Schiff base compound (PBS) was
synthesized by the condensation reaction of phenanthrene-9-
carbaldehyde and 4-aminophenol. The structure of the
compound was characterized by FTIR, 'H('3C) NMR and
elementel analysis. Through a single crystal X-ray diffraction
investigation, the compound's crystal structure was identified.
The X-ray crystallographic data revealed that the phenanthrene
and phenol rings are approximately perpendicular with respect
to each other. Molecules in the structure are connected to one
another by phenol-imine hydrogen bonds [O1-H ]
forming supramolecular hydrogen bond chains. Moreover, the
phenanthrene fused ring system are involved in wn-m stacking
interactions with the same sections of the adjacent molecules
(head to tail manner). The double-stranded fish sperm DNA
(dsFS-DNA) binding properties of the compound was
investigated by spectrophotometric, fluorimetric and viscosity
methods. According to the spectral data, the interacts of the
compound with DNA in groove binding mode with a binding
constant (Ko: 4.6 x10* M"). The fact that the viscosity of the
dsFS-DNA did not significantly change when the compound
PBS was present suggesting non-intercalative binding of the
compound with DNA.

Keywords: Phenanthrene, azomethine, XRD structure, DNA
interaction.

Fenantren bazli bir Schiff bazi1 bilesiginin
yapisal karakterizasyonu ve DNA baglama
ozellikleri

(077

Fenantren-9-karbaldehit ve 4-aminofenoliin kondenzasyon
reaksiyonu ile fenantren bazli yeni bir Schiff baz bilesigi (PBS)
sentezlenmigtir. Bilesigin yapisi FTIR, 'H('*C) NMR ve
elementel analizi ile karakterize edildi. Bilesigin kristal yapis,
tek kristal X-ismm1 kirmim deneyi ile belirlendi. X-151m1
kristalografik verileri, fenantren ve fenol halkalarmnimn birbirine
gore yaklagik olarak dik oldugunu ortaya c¢ikardi. Yapida
molekiiller, molekiiller arast fenol-imin hidrojen baglar1 [O1-
N1] ile baglanir ve supramolekiiler hidrojen bag zincirleri
olusturur. Ayrica fenantren halka sistemi, komsu molekiillerin

ayni  boliimleri ile #n-m istifleme etkil (bas-kuruk)
etkilesimlerinde yer alir. Bilesigin ¢ift sarmalli balik sperm
DNA'sina (dsFS-DNA) baglanma ozellikleri

spektrofotometrik, florimetrik ve viskosimetrik yontemlerle
arastirilmustir.  Spektral veriler, bilesigin, dnemli baglanma
sabiti (Kv: 4.6 x 10* M) ile oluk baglanma modunda DNA ile
etkilesime girdigini gostermistir. Bilesik PBS'min varliginda,
dsFS-DNA'nin viskozitesi 6nemli bir degisiklik gozlenmemesi,
bilesigin dsFS-DNA ile interkalatif olmayan baglanma
modunda etkilesime girdigini gostermektedir.

Anahtar Kelimeler: Fenantren, Schiff bazi, kristal yapi, DNA
baglama ozellikleri.

1. INTRODUCTION

We still deal with problems and the inefficiency of
current medications despite the availability of numerous
cancer treatment agents.! It is extremely difficult to find
possible new chemotherapeutics with increased efficacy
and fewer adverse effects.”* One of the most key aspects
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for therapeutic discovery in the battle against cancer is
DNA.*5 DNA intercalating compounds are anticipated
to reversibly bind DNA and interfere with crucial cancer
cell processes like transcription and replication.® DNA
intercalating substances frequently have polar properties
that allow hydrogen bonding interactions with nucleic
acids, as well as planar polycyclic aromatic rings (like
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anthracene and phenanthrene) that aid in the compound's
ability to settle between base pairs of DNA.”#

Schiff bases are a basic category of organic compounds
and can be prepared from the reaction of aldehyde or
ketones with primary amines.” Numerous biological
activities, such as those against cancer, bacteria, malaria,
viruses, and fungi, are present in Schiff base
compounds.'*'? In this study, a Schiff base compound
labelled as PBS (Figure 1) containing phenanthrene
group was synthesized. It was aimed to provide a dual
functionality consisting of hydrophilic hydroxyl groups
and planar phenanthrene group in the synthesized
compound. The synthesized compound was expected to
show a high affinity for the hydrophobic and hydrophilic
regions of the DNA molecule. FTIR, NMR, and
elemental analysis techniques were used to characterize
the generated Schiff base compound's molecular
structure. Additionally, the compound's single crystals
were formed, and a single crystal X-ray diffraction
investigation revealed its structural structure. UV-Vis
absorption, florescence, and viscosity experiments were
used to assess the produced substance's DNA binding
capabilities.

Figure 1. Structure of the phenanthrene-Schiff base compound
2. MATERIALS AND METHODS
2.1. Chemicals

All reagents (4-aminophenol and phenanthrene-9-
carbaldehyde) and solvents used in the synthesis were
purchased from companies and used as received.

2.2. Physical measurements

Using an LECO CHNS 932, elemental analyses (C, H,
and N) were carried out. Using KBr disc (4000-400
cm!), FTIR spectra were acquired using a Perkin Elmer
Spectrum 400 FT-IR spectrophotometer. A Perkin
Elmer Lambda 45 spectrophotometer was used to record
the compounds' absorption spectra in DMSO solution
(105 M). TMS was employed as the internal standard
while 1H/13C NMR spectra in CDCI3 were collected on
a Bruker 400 MHz equipment. On a Bruker APEX 2
CCD diffractometer, single crystal X-ray diffraction
data for the molecular compound phenanthrene Schiff-
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based were obtained using Mo- K radiation (= 0.71073)
at 293(2) K. Data reduction was done using Bruker
SAINT." Using Olex2,'* SHELXT was used to solve
and SHELXL to refine the structure.'>!® The structure
of compound PBS was determined using the direct
technique and all of the reflections on F2. The carbon
and oxygen hydrogen atoms were positioned correctly
using a riding model.

2.3.Synthesis of [(E)-4-((phenanthren-9-
ylmethylene)amino)phenol] (PSB)

Absolute ethanol (20 mL) was used to dissolve
phenanthrene-9-carbaldehyde (2 mmol), which then
underwent a 10-minute reflux process. To the refluxing
solution, 4-aminophenol (2 mmol) in absolute ethanol
(10 mL) was added. The clear, yellow reaction mixture
was then refluxed for an additional four hours and
cooled to room temperature. Yellow-colored
precipitates that formed after cooling were filtered and
air dried.

Chemical Formula: C;Hi;sNO. Molecular weight:
297.36 g/mol. Yield: 82%. Colour: Yellow. FTIR (ATR,
em1) 3005, 2915, 1607, 1503, 1442, 1367, 1273, 1232,
1105, 968, 913, 815, 735, 716, 573, 519. Elemental
analyses found (calculated for C;HisNO) %: C,
84.73(84.82); H, 4.86(5.08); N, 4.66(4.71). 'H NMR
(CDCl3, ppm): 9.65 (b, OH, 1H), 8.80 and 8.76 (d,
CHphenanthrene,  2H), 8.51 (s, CH=N, 1H), 8.38 (s,
Cthenanthrene, 1H), 817'760 (m, Cthenanthrene, 6H),
7.30(d, CHphenol, 2H), 6.98(d, CHphenol, 2H). 3C NMR:
162.3(CH=N), 157.3, 144.2, 134.2, 133.8, 132.8, 132.5,
131.0, 130.2, 128.7, 127.3, 126.8, 126.2, 124.2, 123.5,
122.6, 118.3,116.4.

2.4. DNA binding studies

2.4.1. Absorption spectral measurements

The interactions between double-stranded fish sperm
DNA (dsFS-DNA) and synthesized Schiff base
compound (PBS) were investigated by UV-Vis
spectroscopic titrations according to our previous
studies.!”!® For this, the The substance (PBS) had a UV-
Vis absorption spectrum alteration in DMSO (2.0 10-5
M), containing Tris-HCl buffer, pH = 7.0) with
increasing amount of double-stranded fish sperm DNA
(dsFS-DNA) were recorded in the range of 240-600 nm
range. The absorption spectral change of the compound
was examined to be able to examine the binding
properties of the compound with DNA. Using the
Benesi-Hildebrand equation (1), [dsDNAJ]/(ea—¢f)
versus [dsDNA] a linear association was seen when the
data was plotted.

[dsDNA]/(ea—ef)=[dsDNA]/(eb—ef)+1/Kp(eb—f) (1)
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where fis a compound's extinction coefficient in its free
form, b is a compound's extinction coefficient in its fully
bound form, [dsDNA] is a compound's concentration in
base pairs, and a represents the apparent extinction
coefficient calculated from Aobds/[Ligands or
complexes]: K, is the binding constant which was
calculated from the slope of the line drawn between
[dsDNA]/(ea — €f) and [dsDNA].

2.4.2. Competitive binding studies

Ethidium bromide (EB) is a flat molecule and DNA
intercalating agent. EB shows weak emissive in its free
form, yet its emission intensity dramatically increases
when it is attached to DNA.'”?" When there are
competitive intercalating agent, EB complex's DNA
emission intensity decreases (emission quenching) due
to the displacement of EB from DNA-EB complex.
Most of the time, competitive binding via intercalation
is blamed for the DNA-EB complex's emission intensity
quenching. In our study, dsFS-DNA (75 uM) solution
was treated with EB (5 pM) in Tris-HCI buffer and then
increasing amount of the Schiff base compound (0-30
uM in DMSO) were added. The solutions' emission
spectra were then measured between 560-760 nm (lexc:
526 nm). The decrease of the emission intensity was
examined and the putting out constants (Ks) was
obtained from the Stern-Volmer equation (2).
Fo/F =1+ Ksv[Q] )
When there is no Schiff base complex present, FO:
DNA-EB emission intensity, F: emission intensity of
DNA-EB in the presence of the Schiff base compound
and [Q]: the total concentration of the Schiff base
compound.

2.4.3. Viscosity measurements

Binds to DNA interaction of the compound (PBS) was
also studied by measurement of viscosity. Rising
amounts of the Schiff-based molecule and the dsFS-
DNA solution's viscosity was recorded on an Ostwald
viscometer at 25 £ 0.1 °C. The relative viscosity for
dsFS-DNA in absence (ho) and presence (h) of the
synthesized compounds was obtained.” The relative
viscosity (h/ ho)"® versus 1/R were then plotted. where
R: concentration of dsFS-DNA/concentration of the
Schiff base compound (PBS).

3. RESULTS AND DISCUSSION

The condensation reaction was used in this study to
create a new Schiff base compound with a high yield and
purity from phenanthrene-9-carbaldehyde and 4-
aminophenol. FTIR, NMR and micro analyses (C, H and
N) were used to elucidate the compound's structure. The
experimental elemental analysis results are in good
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agreement with the theoretical estimates of the
suggested compound's structure, supporting the sample's
purity. The FTIR spectrum of the compound was
obtained and the spectroscopic data are provided in the
experimental part. In the spectrum of the compound, a
broad band 3000-3100 cm™ can be assigned to the
phenolic group n(O-H) stretching’s. The relatively weak
peaks at around 2900 cm™! are due to the n(C-H)
stretching’s. The imine bond n(C=N) stretching’s was
observed at 1607 cm™! as relatively sharp peak.”>** The
emergence of imine bond stretching’s in the FTIR
spectrum provides evidence that the Schiff base
complex has formed. In Figure 1, the compound's FTIR
spectrum is presented.

In order to further investigate the structure of the
compound, The compound's '"H(*3*C) NMR spectra were
collected in CDCl; and the NMR data with peak
assignments are displayed in the experimental part. In
the '"H NMR spectrum of the compound, a broad peak at
9.65 ppm is due to the phenolic proton.”* Two doublet
peaks at 8.80 and 8.76 ppm are assigned to the
phenanthrene protons. The imine bond proton of the
compound is shown as a singlet peak at 8.51 ppm.*
Multiplet and overlapped peaks at 8.17-7.60 ppm are
due to the phenanthrene protons. In the spectrum of the
compound, two doublet peaks at 7.30 and 6.98 ppm are
due to the phenolic C-H protons. The integration values
of proton signals support the compound's suggested
structure. The *C NMR spectrum of the compound
shows a peak at 162.3 ppm which is attributed to the
imine bond carbon atom. The remaining carbon atom
signals are displayed between 157.3 and 116.4 ppm. The
compound's NMR spectra showed that the sample
contains no major organic impurities.
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Figure 2. FTIR spectrum of the phenanthrene-Schiff base
compound (PBS)

3.1.Crystal structure of the phenanthrene-Schiff
base compound (PBS)

Re-crystallization of ethanol solution of the compound
produced single crystals of the compound. By using a
single crystal XRD investigation, the compound's
crystal structure was identified. The compound's X-ray
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crystallographic information is provided in Table 1. The
monoclinic unit cell and P21/n space group were used to
solve the structure of the phenanthrene-Schiff base
complex with the final refinement value of 0.0421(R;).
The thermal ellipsoid plot of the structure is displayed in
Figure 3a In the structure of the compound,
phenanthrene and phenol rings are linked by an imine
bond (C=N) linkage. The C7-N1 imine bond distance is
1.2715(19) A showing a characteristic imine bond
distance. In the structure, the phenanthrene and phenol
rings are almost perpendicular with respect to each other
with the dihedral angle of 79.49°. In the structure of the
compound, the phenolic group of a molecule makes an
intermolecular hydrogen bond [O1-H:-----N1] with the
imine nitrogen atom of a neighbouring molecule under
symmetry operation of -1/2+x,3/2-y,1/2+z. The phenol-
imine intermolecular hydrogen bond contacts form a
hydrogen bond chain as shown in Figure 3b. The
compound's crystal structure was also further stabilized
by anticipated stacking interactions m stacking contacts.
The flat surface of the phenanthrene fused ring system
allows the m-stacking interactions with the neighbouring
molecules. Molecules are linked by phenanthroline-
phenanthroline head to tail m-m stacking interactions
along the a axis as shown in Figure 3c.

Table 1. X-ray crystallographic data for the compound (PBS)

Figure 3 a) Thermal ellipsoid plot (50% probability) of the
compound (PBS) with atom numbering. b) hydrogen bond
contacts. ¢) Packing plot showing n-n stacking interactions.

Empirical formula C21HisNO p/e
Formula weight 297.34 v/°
Temperature/K 293(2) Volume/A3
Crystal system Monoclinic Z

Space group P2i/n

a/A 7.1024(2)

b/A 20.9464(6)

c/A 10.0945(3)

a/° 90

Reflections collected
Independent reflections
Final R indexes [[>=2c (I)]

Final R indexes [all data]

98.455(3)

90

1485.43(8)

4

4714

2925 [Rint = 0.0155, Reigma = 0.0317]
Ri =0.0421, wR2 = 0.0970

Ri = 0.0550, wR2 = 0.1087

3.2. Electronic absorption properties

In DMSO solution (10 M), UV-Vis absorption
characteristics of the compound were examined. The
absorption spectrum of the compound was taken in the
range of 240-640 nm. In the spectrum shown in Figure
4, two absorption bands were observed at 240-440 nm
range. The first and more intense peak was observed at
250-290 nm range (Imax: 260 nm). The relatively broader
absorption band was seen at 300-430 nm range (Imax: 364
nm). The absorption bands in the UV-Vis spectrum can
be assigned to the n-n* electronic transition due to the
n-electrons in the structure of the compound.
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Figure 4. Absorption spectrum of the compound in DMSO

(10 M).
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3.3. DNA binding studies

DNA is the main target for the most chemotherapy
agents of cancer. A huge number of compounds have
prepared for the targeting of DNA.?® To ascertain the
impact of the DNA targeting of new drug candidates, the
interactions/binding between the drug candidate
molecule and DNA should be investigated.”” The DNA
binding agents bind to DNA covalent and non-covalent
interactions and the latter one is focus of the many DNA
targeting studies.”® Intercalation between base pairs,
groove bonding, and electrostatic interactions are
examples of non-covalent interactions between DNA
and binding substances.’®?’ The dsFS-DNA (fish sperm
double-stranded DNA) binding properties of the
phenanthrene based Schiff base compound (PBS) was
investigated by UV-Vis absorption measurements. UV-
Vis absorption spectra of the compound (PBS) in
DMSO: TRIS-HCI buffer solution (2.0 x10-5 M) were
recorded in presence of incremental addition of dsFS-
DNA (100-1000 pl, 1.78 x 10—4 M). UV-Vis absorption
spectral change of the compound in the presence of PBS
is shown in Figure 5.

240 290 340 %0 140 490 40 290
Waveleagth (nm)

[DNAP(Ea-TEHM2Icm)

X000 1 0.00001%
[DNAJOD

Figure 5. a) Absorption spectra of PSB, in 2 mM Tris—HCI/2
mM NaCl buffer at pH 7.0 in the presence of incremental the
addition of dsFS-DNA. b) Plot of [DNA]/€a—¢f) vs. [DNA] for
the titration of PBS with dsFS-DNA (0-1000 uM).

The compound PBS showed two absorption bands in the
range of 240-440 nm. In the presence of DNA, the first
absorption band at 240-290 nm range did not show
considerable red or blue shift yet the absorption values
increased with the gradual addition of DNA
(hyperchromic effect). Addition of DNA causes
noticeable change in the absorption band at 290-400 nm
range. The presence of DNA resulted in a sight red shift
accompanied by  higher  absorption  values
(hyperchromic effect). The spectral change of the
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compound PBS in the presence of DNA is indicative of
the interactions between the compound and DNA. Using
the absorption band at 290-400 nm range, binding
constant (Kb) was found to be 4.6 x104 M-1 from the
linear plot [dsDNA]/( ea—¢ef) versus [dsDNA] (Figure.
5). DNA binding constant of the compound Kb falls
within the range of groove binding agents.*

Ethidium bromide (EB) are used as a probe of DNA
secondary structure and it intercalates into the double-
stranded DNA.’! Although free EB shows weak
fluorescence properties in the range of 560-760 nm
(lexc: 526 nm), the insertion of EB into DNA base pair
causes dramatic increase in the emission intensity.** In
the presence of a competitive compound, DNA binding
competition is expected. The DNA binding competition
can visualize by measuring the emission spectra of
DNA-EB complex. The emission of the DNA-EB
complex is usually quenched in the presence of a
competitor molecule. The DNA-EB complex's emission
band is being quenched and this is often assigned to the
replacement EB form DNA-EB with the competitor
molecule, the excited state energy transfer, or the
conformational change of DNA. The emission spectra of
the DNA-EB complex [dsFS-DNA: 75 uM), EB: 5 uM
in Tris-HCl buffer] recorded in the presence of
increasing amount of the Schiff base compound (PBS)
(0-30 uM in DMSO). It was observed that the emission
band of DNA-EB complex at 560-760 nm (lexc: 526
nm) was gradually quenched by the addition of the
Schiff base compound. By using the Stern-Volmer
equation, Io/I versus [PBS] plot was drawn (Figure 6)
and linearity was observed. From slope of this plot,
quenching constant (Ksv) was found to be 2.42 x 104
M-1. The obtained Ksv suggests non-intercalative
binding interactions between the synthesized compound
and DNA.

b
-

[PBS] (M)
Figure 5. Stern-Volmer plot (Io/I versus [PBS]) of
fluorescence titrations of DNA-EB complex HDSB with PBS.
(Rexc: 526 nm).

The interaction between the synthesized phenanthrene
based Schiff base compound (PBS) and DNA was
further examined by viscosity measurements. When an
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intercalation agent is applied, viscosity of the DNA
solution rises. The DNA length and viscosity are
increased when an intercalating molecule binds to the
spaces between DNA base pairs. Viscosity of dsFS-
DNA solution (50 mM) in the presence of incremental
addition of PBS (keeping DNA concentration constant)
was recorded and the relative viscosity of dsFS-DNA is
shown in Figure 7.

The presence of various concentration of PBS did not
cause dramatic change in the viscosity of dsFS-DNA
which suggests the non-intercalative binding mode
between PBS and dsFS-DNA !

=]

L
p
.
-»

0 0.25 035 0.75 1 1.25 1.5
1/R

Figure 6. The relative viscosity change of dsFS-DNA (50 pM)
with various concentration of the Schiff base compound.

4. CONCLUSIONS

A new phenanthrene based Schiff base compound (PSB)
was prepared and its structure was characterized. The
compound's crystal structure was clarified by a single
crystal XRD investigation. Crystal structure of the
compound was stabilised by intermolecular hydrogen
bond contacts and m-n stackings. The DNA binding
properties of the compound was investigated by
spectrophotometric, fluorimetric and viscosity methods.
The UV-Vis spectrometric data revealed that the
compound has considerable binding affinity to DNA
with binding constant (Ky) of 4.6 x10* M. The spectral
and viscosity data showed that the compound interacts
with double strand DNA via non-intercalative groove
binding mode.
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Appendix A. Supplementary data

The cif file for single crystal XRD data was deposited to
Cambridge Crystallographic Data Centre with CCDC
number of 2194269.
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ABSTRACT

Nanotechnology has gained great interest due to its widespread
application. Anticancer activity of Origanum majorana extract
and silver nanoparticles was investigated by MTT assay using
human pancreatic adenocarcinoma cell lines (Capan-1), mouse
normal fibroblast cell lines (L929), and human colon
adenocarcinoma cell line (Caco-2). AgNPs@Om exhibited the
excellent cytotoxic effect on Capan-1 cell lines with the cell
viability of 29.17% and 25.70%, 22.49%, 21.16% at 1.0, 0.5,
0.25, 0.125 pg/mL respectively. However, the extract was
determined to show moderate activity. A considerable fall in the
viable cell number in Caco-2 cell lines was observed after the
treatment of AgNPs@Om. The viable cells of Caco-2 cell lines
were detected as 32.0% at 1.0 pg/mL with the treatment of
nanoparticles. Yet, the viable Caco-2 cells were determined as
48.2% with the treatment of O. majorana extract. Both extract
and nanoparticles had no impact on the viability of non-tumor
cells (L929). Moreover, nanoparticles induced apoptosis.
Consequently, AgNPs@Om may be a promising anticancer
drug candidate.

Keywords: Silver nanoparticles, natural products, Origanum
majorana, anticancer activity.

Origanum majorana 0ziitii kullanarak glimiis
nanopargaciklarin sitotoksik, apoptotik ve
nekrotik etkileri

0z

Nanoteknoloji, yaygin uygulamasi nedeniyle son zamanlarda
biiyiik ilgi géormektedir. Origanum majorana 6zitii ve giimiis
nanopartikiillerin ~ antikanser aktivitesi, insan pankreas
adenokarsinoma hiicre hatlari (Capan-1), fare normal fibroblast
hiicre hatlar1 (L929) ve insan kolon adenokarsinom hiicre
hatlar1 (Caco-2) kullanilarak MTT metodu ile arastirildi.
AgNPs@Om, sirastyla 1.0, 0.5, 0.25, 0.125 pg/mL'de %29.17
ve %25.70, %22.49, %21.16 hiicre canliligi ile Capan-1 hiicre
hatlar1 iizerinde milkemmel sitotoksik etki sergiledi. Ancak
ckstraktin orta diizeyde aktivite gosterdigi belirlendi.
AgNPs@Om etkilestirilmesinden sonra Caco-2 hiicre
hatlarindaki canli hiicrelerin sayisinda Onemli bir azalma
gozlendi. Caco-2 hiicre hatlarinin  canli  hiicreleri,
nanopartikiillerin etkisi ile 1.0 pg/mL'de %32.0 olarak tespit
edildi. Ancak O. majorana 6ziitli ile muamele edildiginde canli
Caco-2 hiicreleri %48.2 olarak belirlendi. Hem ekstrakt hem de
nanopartikiiller, timor olmayan hiicrelerin (L929) canlilig
iizerinde Onemli bir etkiye sahip degildir. Ayrica,
nanopartikiiller ~ apoptozu  indiikledi.  Sonu¢  olarak,
AgNPs@Om umut verici bir antikanser ila¢ aday1 olabilir.

Anahtar Kelimeler: Giimiis nanopartikiil, dogal {iriinler,
Origanum majorana, antikanser aktivite.

1. INTRODUCTION

Medicinal plants have been employed for therapeutic
purposes since ancient times.!> These plants reveal a
large spectrum of biological activities owing to their
bioactive compound contents.®® The discovery of
spectroscopy in the 19™ century led to natural products
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becoming the focus of science.”!? Secondary metabolites
are substances synthesized by plants that have many
functions such as protecting them against enemies. These
compounds show a wide variety of interactions on the
plant itself and other living organisms.'*!* Because of


http://dergipark.org.tr/ijct
https://orcid.org/0000-0002-0505-3190
https://orcid.org/0000-0002-0095-079X
https://orcid.org/0000-0002-7280-4417

Int. J. Chem. Technol. 2022, 6 (2), 142-146

DOI: http://dx.doi.org/10.32571/ijct.1187754

Erenler and co-workers

E-ISSN: 2602-277X

acting as reducing and stabilizing agents, plant secondary
metabolites have been used in the green approach for the
synthesis of nanoparticles.'®

Nanoparticles can be synthesized from nano to micron
sizes and have many applications, including
bioseparation and biocatalysts with optical, magnetic,
electrical, and magnetic field strengths, thanks to their
superior properties.'® The most important advantages of
metal nanoparticles are their relatively large surface area
compared to their size and their unique properties.'’
Moreover, low cost, ease of use, and high stability are
other advantages of metal nanoparticles.'® In addition, the
fact that metal nanoparticles do not have any toxic effects
on the environment creates the ideal environment for the
use of these nanoparticles.”” It is accepted by the
scientific world that metal oxide nanoparticles have
antimicrobial effects, and it is reported that the greatest
effect on agents causing the infection is obtained by
silver nanoparticles.?

While nanoparticles are smaller in size than human cells,
they are the same size as biological macromolecules such
as receptors and enzymes. Therefore, nanoparticles can
be used as probes by conjugating them with peptides,
antibodies, or nucleic acids of the same size.?' Thus,
molecular changes and cellular movements related to
pathological regions can be observed. These probes
provide high sensitivity, stability, and absorption
coefficient over a wide spectral range.??

Cancer is an illness described by the unrestrained
increase and proliferation of abnormal cells in the body
and the killing of normal cells and frequently causing
death and it is one of the most serious and terrible
diseases in the world.?> Chemotherapy, radiation, and
surgical treatments are among the traditional therapeutic
strategies used in cancer treatment. These therapies have
several limitations, such as high dose requirements, non-
specific toxicity, and multidrug resistance. Besides,
drugs used in chemotherapy have poor water solubility
and have a high incidence of side effects. In addition,
chemotherapy drugs cause significant damage to healthy
tissues, causing adverse reactions. Therefore, current
studies are now focused on safer and more effective
treatment of cancer. In this sense, nanotechnology may
be the solution to overcome these limitations of
conventional chemotherapy. For this reason, the
development of anticancer drugs produced from
nanoparticles obtained from plants is of great
importance.?*

Origanum genus includes aromatic and medicinal plant
species that are used effectively in food, traditional
medicine, and the pharmaceutical industry.>>?¢ This
genus is also well known for its essential oils that are used
in the food, cosmetic and pharmaceutical sectors.?’?8
Origanum majorana L., a species belonging to the
Origanum genus of the Lamiaceae family, is a perennial
medicinal plant called sweet marjoram.?’
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In this study, silver nanoparticles were synthesized from
Origanum majorana L. and cytotoxic, apoptotic, and
necrotic effects were investigated using Capan-1, Caco-
2, and 1929 cell lines.

2. MATERIALS AND METHODS
2.1 Chemicals

L-glutamine, trypsin-EDTA, and FBS were purchased
from Merck (Darmstadt, Germany). Human pancreatic
adenocarcinoma cell lines (Capan-1), mouse normal
fibroblast cell lines (L929), and human colon
adenocarcinoma cell line (Caco-2) were supplied from
Kirikkale University.

2.2 Synthesis of nanoparticles

Origanum majorana was utilized for silver nanoparticle
synthesis. The spectroscopic studies such as X-ray
diffraction, Ultraviolet-visible, Fourier-transform
infrared as well as Scanning electron microscope
revealed the formation of silver nanoparticles. The
experimental procedure and spectral data as well as the
antioxidant activity of green synthesized AgNPs@Om
were reported previously.*

2.3 Cell culture

Human pancreatic adenocarcinoma cell lines (Capan-1),
mouse normal fibroblast cell lines (L929), and human
colon adenocarcinoma cell lines (Caco-2) were used for
anticancer activity. Cells were incubated in DMEM-F12
or RPMI culture medium containing 1% antibiotic and
10% FCS in flasks in a carbon dioxide oven at 37 °C.

The medium was changed at 2-day intervals until the
cells reach enough. After the cultures reach a certain
number, they were removed with trypsin and inoculated
into well plates (5.000-10.000 cells/well). When cells
reach a certain number, media containing serum and
antibiotics were replaced with media containing serum
and antibiotics. It was then used to determine necrotic,
apoptotic, and cytotoxic activities.>!

2.4 Cytotoxicity assay

Capan-1, Caco-2, and 1929 were inoculated into 96 well
plates, with 10.000 cells per well. Substances of varying
amounts were added to the cells and incubated for 24
hours. Afterward, Origanum majorana and AgNPs@Om
(1.0, 0.5, 0.25, 0.125 and 0.0625 mg/mL) were added to
the well and incubated for 24 h. Latex and media rubber
was used for respectively positive and negative control.
The media was incubated at 37°C for 2.5 hours after
being replaced with 50 pL MTT solution (1.0 mg/mL). A
new solution of MTT in isopropanol (100 pL) was then
added in place of the MTT solution.
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The control cell viability was accepted as 100%. Cell
viability was assessed by ELISA at 570 nm and
calculated with the formula (1)

Cell viability % = [Ax/Ay] x 100 (1)

Ax is the sample of optical density, Ay is the control 3>

2.5 Apoptotic and necrotic analysis

Fluorescent staining was performed after the cells
prepared as mentioned above interact with Capan-1 cells,
Caco-2 cells, and 1929 cells at different rates. In this
way, apoptosis and necrosis were determined. During
staining, cytoplasmic RNA is destroyed by treating cells
with ribonuclease A (Sigma R-500) for staining only
DNA. Hoechst (33342) staining stains the nuclei of cells
blue. Despite staining whole cells, apoptotic cells appear
brighter and nuclear homogeneity is lost. In this way, true
apoptotic cells are differentiated from normal cells. The
other dye used in dual staining is Propidium lodide (PI).
It shows necrosis by staining the DNA red. PI does not
pass through the membranes of normal cells but only
passes through the membranes of cells with damaged or
dead cells, indicating necrotic cells. Cells that were only
treated with the drug and affected with drug and inhibitor
co-administered complexes will be removed after 24
hours and staining will be performed.

The painting process was carried as briefly, Capan-1
cells, Caco-2 cells, and L1929 cells (15 x 10* per well)
were cultivated in DMEM with L-glutamine
supplemented with 10% fetal bovine serum, 1%
penicillin-streptomycin for 24 h, 5% CO, atmosphere,
and at 37 °C, in a 48-well plate.® Different
concentrations of AgNPs@Om (50-500 pg/mL) were
treated for 24 hours. Then, detached and attached cells
were collected and stained with Hoechst dye (33342), PI,
and DNAse free-RNAse for 20 minutes at room
temperature after washing with phosphate-buffered
saline (PBS). The control group included Capan-1 cells,
Caco-2 cells, and 1929 cells treated with cell medium
alone.

2.6 Statistical analysis

GraphPad Prism (8.0.1), Tukey's multiple comparison
test, and the one-way ANOVA test were used for
statistical analysis, and results were expressed as mean
values + SDs of three independent trials (P < 0.05).

3. RESULTS AND DISCUSSION
3.1 Cytotoxic effect

In this study, the cytotoxic effect of the extract and silver
nanoparticles using Capan-1, Caco-2, and L929 were
investigated by the MTT test. Table 1 shows the
cytotoxic effect of Origanum majorana-mediated
synthesized silver nanoparticles on Capan-1, Caco-2, and
L929 cell lines. Cell viability of the Capan-1 cell lines
treated with the nanoparticles and extract was determined
as 29.17% and 69.35% at 1.0 pg/mL respectively.
However, the cell viability decreased after the treatment
of nanoparticles at 0.5 pg/mL, treatment of extract caused
the increase of the cell viability at the same concentration
(0.5 pg/mL). The Capan-1 cell lines' viability decreased
with the decrease in concentration. Nevertheless,
treatment of extract with Capan-1 cell lines increased the
cell viability. In Caco-2 cell lines, nanoparticles were
observed to have a significant effect on these cell lines.
The cell viability was observed at 0.5 mg/mL as 27.91%
after the treatment of AgNPs@Om. At the same
concentration, the treatment with extract resulted in cell
viability of 53.19%.

The concentration decrease caused an increase in cell
viability. Concerning the L929 cell lines, cell viability
was determined as 93.7% after the treatment with
AgNPs@Om at 1.0 mg/mL, extract treatment resulted in
the cell viability of 78.2%. Both extract and nanoparticles
caused the increase in cell viability. According to this
result, it was concluded that nanoparticles were more
effective than the extract at a concentration of 1.0 pg/mL.

Table 1. Cytotoxic effect of AgNPs@Om and extract on cell lines. Data are shown as % viable cells, different letters indicate the

significant difference in the same column (P < 0.05).

Concentration (mg/mL) AgNPs@Om Extract
Capan-1 Caco-2 1929 Capan-1 Caco-2 L929
1 29.1743.6° 31.954£2.7° 93.70+4.4* 69.35+3.42 48.16+2.17 78.15+5.32
0.5 25.70+5.9° 27.9242.6° 101.7543.1¢ 76.11£5.4b 53.19+24.1° 120.69+7.2°
0.25 22.4941.92 28.6942.9° 96.9142.0 89.39+4.5¢ 69.85+2.8° 122.72+7.8%
0.125 21.16+1.42 34.07+3.94 101.27+1.8¢ 131.31+1.1¢ 73.60+2.0¢ 121.97+8.4°
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3.2 Apoptotic and necrotic cells analysis

In many physiological situations, apoptosis, or
programmed cell death, plays an important role in
controlling cell number. Many human tumours have
impaired apoptosis, implying that apoptotic function
disruption contributes significantly to the transformation
of a normal cell into a tumour cell. Apoptosis is also a
major contributor to chemotherapy-induced tumour cell

death.’® The apoptotic and necrotic index of silver
nanoparticles on Capan-1, Caco-2, and L929 cell lines is
shown in Table 2. The cell death pathway was confirmed
using the double staining method. The apoptotic index
was found to be higher than the necrotic index in all cell
lines, indicating that cell death occurred via apoptosis.
The fluorescent dye Hoechst (33342) in the double
staining solution binds to DNA, giving the cell nucleus
its blue colour.

Table 2. Apoptotic index and necrotic index of AgNPs@Om on Capan-1, Caco-2, and L929 cell lines at different concentrations

(mg/mL).
Concentration AgNPs@Om Extract
(1 mg/mL)
Capan-1 Caco-2 L929 Capan-1 Caco-2 L929
% Apoptosis 15,30+1,40° 21,50+2,30° 8,40+0,70° 35,20+2,40 35,20+ 1,80° 0
% Necrosis 4,40+0,50° 4,20+1,30° 0,50+0,01* 8,20+0,40* 12,60+ 2,30* 0

Apoptotic cell nuclei were distinguished from other
nuclei by their blue color, which was caused by the
deformation, brightening, and distortion of their borders.
PI dyed the necrotic cell nuclei, which appeared red
under fluorescent light (Figure 1). The morphological
change was not observed in the control groups' cell
nuclei. Nonetheless, apoptotic cell nuclei were stained
with a blue fluorescence when compared to non-
apoptotic cells.

Figure 1. Fluorescence inverted microscopy image of Caco-2,

Capan-1, L1929 cells treated with extract and silver
nanoparticles, a: control, Caco-2, b: Caco-2, extract, DAPI, c:
Caco-2, AgNPs, DAPI, d: Capan-1, control, e: Capan-1, extract,
DAPI, f: Capan-1, AgNPs, DAPI, g: L929, extract, FITCH, h:
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1929, AgNPs, FITCH, h: L929, AgNPs, FITCH, i: L929
control.

4. CONCLUSION

The synthesized silver nanoparticles from Origanum
majorana revealed an excellent antiproliferative effect on
the corresponding cell lines (Capan-1, Caco-2).

Furthermore, AgNPs@Om induced the cells to
apoptosis. Cytotoxic effects of extract and AgNPs@Om
were investigated. The percent viability of cell lines was
calculated by comparison of absorbance values of control
cells. AgNPs@Om did not reveal significant inhibition
on 1929 cell lines (normal cells). Moreover, observation
of the apoptosis pathway in both cell lines after treatment
of nanoparticles revealed that the nanoparticles could be
a drug candidate. A key mechanism by which cytotoxic
drugs kill tumor cells is the activation of apoptosis
pathways.
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ABSTRACT

The Geometridae is one of the most populous families in terms
of the number of species in the order Lepidoptera. It is known
to have more than 23.000 species worldwide. Geometridae
species cause damage to forest trees, but it has been reported
that they also cause damage to cultivated plants in studies. This
research was carried out in Tiirkiye's Central Black Sea Region
(Amasya, Corum, Ordu, Samsun, Sinop, Tokat, and Yozgat) in
2017 and 2018 years. Adult specimens of Geometridae were
collected using an insect net and a light trap in the study region.
Obtained specimens were prepared according to standard
museum methods for butterflies and prepared genitalia
structures. As a result of the study, five subfamilies
(Ennominae, Geometrinae, Larentiinae, Orthostixinae,
Sterrhinae), 36 genera, and 48 species were determined. Also in
this paper, the examined materials and adult photographs of the
species are given. This study provides new information about
the zoogeographic distribution of Geometridae species
identified in the research area.

Keywords: Geometridae, fauna, lepidoptera, Tiirkiye.

Tirkiye Geometridae faunasina katkilar
0z

Geometridae, Lepidoptera takiminin tiir sayisi bakimindan
kalabalik familyalarindan biridir. Diinyada 23.000" den fazla
tiri  oldugu Dbilinmektedir. Geometridae tiirleri orman
agaclarinda zarar yapmaktadir ancak yapilan calismalarda
kiiltiir bitkilerinde de zarar yaptigi bildirilmistir. Bu galigma
2017 ve 2018 yillarinda Tiirkiye’nin orta Karadeniz bélgesinde
(Amasya, Corum, Ordu, Samsun, Sinop, Tokat, Yozgat)
yapilmistir. Caligmada ergin Geometridae Ornekleri atrap ve
15tk tuzagr kullanilarak toplanmustir. Elde edilen o6rnekler
kelebekler i¢in standart miize yontemlerine gore hazirlanmis ve
genital yapilar hazirlanmistir. Caligmanin sonucunda bes alt
familya (Ennominae, Geometrinae, Larentiinae, Orthostixinae,
Sterrhinae), 36 cins ve 48 tiir tespit edilmistir. Ayrica bu
makalede, tiirlere ait incelenen materyaller ve ergin fotograflari
verilmistir. Bu ¢alisma, aragtirma bolgesinde tespit edilen
Geometridae tiirlerinin zoocografik yayilist hakkinda yeni
bilgileri sunmaktadir.

Anahtar kelimeler: Geometridae, fauna, lepidoptera, Tiirkiye

1. INTRODUCTION

Geometridae is one of the crowded moth families of the
order Lepidoptera. Eggs are generally laid under the
leaves of the host plant by adult female species.
Geometridae larvae are generally polyphagous and cause
damage to forest trees. However, in recent studies, it has
been reported that it also damages cultivated plants
(almond, olive, citrus, corn, sorghum).' Species spend
the pupal stage in the soil and then emerges as an adult.
Adults feed on water and pollen, which benefit
pollination due to feeding behavior.
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Geometridae adults and larvae adapt well to their natural
environments like soil, sand, tree trunks, and branches.
Species have some different coloration called cryptic
coloration and their situation benefits hiding from natural
enemies in their habitats. The larvae remain motionless
until the danger has passed.

Geometridae species are distributed in different habitats.
It has been observed that some species distribute at above
2000 m in the Black Sea region of Tiirkiye.” Geometridae
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species are generally active at night (nocturnal), and
some species are active during the day (diurnal).

In recent years, studies have been conducted in different
regions of Tirkiye related to the family Geometridae.
Some previous studies on moths in the Black Sea region
are as follows.”'? According to'® 687 species of
Geometridae are distributed in Tirkiye. Eupithecia
nemrutica (Seven, Mironov & Akin, 2019) as a new
species reported from the Adiyaman province of
Tiirkiye."* Protorhoe centralisata (Staudinger, 1892) as
a new record reported from Batman province of
Tiirkiye.'> Perigune jordanaria (Staudinger, 1901) as a
new record reported from Batman province of Tiirkiye.'®
Kresnaia beschkovi (Ganev, 1987) as a new record
reported from Batman province of Tiirkiye.!” Also
Gnophos chorista Wehrli, 1939 as a new record reported
from Batman province of Tirkiye'® Thus, 692
Geometridae species reported up to date from Tiirkiye.

2. MATERIALS AND METHODS

In this study, Geometridae adults were collected from
Amasya, Corum, Ordu, Samsun, Sinop, Tokat and
Yozgat provinces (Figure 1) in 2017-2018. Geometridae
specimens were collected by using insect trap and light
trap. Obtained specimens were killed in ethyl acetate
killing jars and stored in falcon tubes with label
information for each sample. For diagnosis preparation
of Geometridae specimens, dry samples need to be
relaxed first. Relaxing method was used to relax dry
samples.'” Each sample was prepared according to
standard museum methods and labelled for diagnosis.
Than specimens were diagnosed to literatures.”’®
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Figure 1. Research area of collected specimens.

3. RESULTS AND DISCUSSION

3.1 Results

This study provide some new faunistic information about
Geometridae fauna of Tiirkiye. As a result of the study,
five subfamilies (Ennominae, Geometrinae, Larentiinae,
Orthostixinae, Sterrhinae), 36 genera, and 48 species

were determined. The identified species are presented
below in alphabetical order.

Alcis repandata (Linnaeus, 1758); Figure B-1

Material examined: 4 3J, Ordu, Golkdy, Center, 40°
38" N,37°36" E, 1130 m, 29.06.2017.

Aplasta ononaria (Fuessly, 1783); Figure B-2

Material examined: 2 3¢, Samsun, Havza, Celikalan,
41°12' N, 35°51" E, 639 m, 29.07.2017. 2 3, Tokat,
Zile, Emiréren, 40° 18" N, 35° 58" E, 810 m, 29.06.2017.

Aplocera efformata (Guenée, 1858); Figure B-3

Material examined: 2 3'J, Sinop, Boyabat, Kogak, 41°
36' N, 34° 38" E, 350 m, 16.06.2017.

Asthena albulata (Hufnagel, 1767); Figure B-4

Material examined: 1 &, Ordu, Center, Karaca, 41° 00'
N, 37° 37" E, 48 m, 30.06.2017. 1 &, Samsun, Bafra,
Esengay, 41° 18" N, 35° 50" E, 223 m, 29.07.2017; 1 &,
Havza, Celikalan, 41° 12" N, 35° 51" E, 639 m,
29.07.2017.

Camptogramma bilineata (Linnacus, 1758); Figure B-5

Material examined: 1 @, Amasya, Giimiishacikdy, Sekii,
40° 57" N, 36° 06’ E, 809 m, 22.06.2018. 8 33,2 29,
Corum, Bogazkale, Hattusa, 40° 10" N, 34° 37" E, 1070
m, 25.07.2017; 1 &, Oguzlar, Agaggami, 40° 48" N, 34°
40' E,991m, 22.06.2018;3 34,2 22, Bayat, Kunduzlu,
40°45' N, 34° 14' E, 1321 m, 22.06.2018. 4 43, Sinop,
Boyabat, Kogak, 41° 36" N, 34° 38" E, 350 m,
16.06.2017; Ayancik, Gokgesakizi, 41°39' N, 34° 38" E,
640m,21.06.2018. 8 83, Yozgat, Center, Kalinbiik, 39°
56' N, 34°42" E, 1215 m, 19.06.2018.

Coenotephria ablutaria (Boisduval, 1840); Figure B-6

Material examined: 3 33, Sinop, Duragan, Cayagzi, 41°
26" N, 35°08 E, 612 m, 28.07.2017.

Costaconvexa
Figure B-7

polygrammata (Borkhausen, 1794);

Material examined: 1 &, Sinop, Boyabat, Kogak, 41° 36
N, 34° 38" E, 350 m, 16.06.2017.

Cyclophora linearia (Hiibner, 1799); Figure B-8

Material examined: 3 4dJ, 1 @, Samsun, Havza,
Celikalan, 41° 12' N, 35° 51" E, 639 m, 29.07.2017.

Cabera exanthemata (Scopoli, 1763); Figure B-9

Material examined: 4 33, Corum, Iskilip, Basmakez,
40° 43" N, 34° 35" E, 857 m, 27.07.2017.

Cabera pusaria (Linnaeus, 1758); Figure B-10

Material examined: 1 &, Amasya, Giimiishacikdy, Sekii,
40° 57' N, 36° 06" E, 809 m, 27.07.2017. 4 33,3 92,
Corum, Bayat, Kunduzlu, 40° 45" N, 34° 14" E, 1321 m,
31.07.2017; 2 83, Bogazkale, Hattusa, 40° 01" N, 34°
37" E, 1019 m, 16.08.2017. 2 43, Ordu, Mesudiye,
Golkoy, 40°36' N, 37° 37" E, 1580 m, 29.06.2017; 1 &,
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Golkoy, Center, 40° 38" N, 37° 36" E, 1130 m,
29.06.2017; Golkdy, Dosek, 40° 45" N, 37° 37" E, 1129
m, 30.06.2017.

Chiasmia clathrata (Linnaeus, 1758); Figure B-11

Material examined: 2 &, Ordu, Mesudiye, G6lkdy, 40°
36" N,37°37 E, 1580 m, 29.06.2017.

Dicrognophos sartata (Treitschke, 1827); Figure B-12

Material examined: 4 3J, Sinop, Boyabat, Kogak, 41°
36' N, 34° 38' E, 350 m, 16.06.2017; 2 3, Duragan,
Cayagzi, 41°26' N, 35° 08" E, 612 m, 28.07.2017.

Eilicrinia cordiaria (Hiibner, 1790); Figure B-13

Material examined: 1 &, Yozgat, Center, Evci, 39° 51
N, 34°42" E, 1192 m, 19.06.2018.

Ematurga atomaria (Linnaeus, 1758); Figure B-14

Material examined: 1 &', Amasya, Tasova, Karabiik, 40°
43'N,36°09'E,267m,19.08.2017.1 &, Corum, Bayat,
Kunduzlu, 40° 45" N, 34° 14" "E, 1321 m, 16.08.2017. 2
33, Yozgat, Sarikaya, Baglica, 39° 35" N, 35° 15" E,
1118 m, 28.06.2017.

Heliomata glarearia (Denis & Schiffermiiller, 1775);
Figure B-15

Material examined: 1 &, Ordu, Mesudiye, Asagisuma,
40°28' N, 37°42' E, 1430 m, 29.06.2017.2 83,2 22,
Sinop, Boyabat, Kogak, 41° 36" N, 34° 38" E, 350 m,
16.06.2017. 1 &, Yozgat, Center, Tayip, 39° 50" N, 34°
42" E, 1209 m, 19.06.2018.

Eupithecia breviculata (Donzel, 1837); Figure B-16

Material examined: 1 &, Samsun, Bafra, Kabagukur, 41°
19' N, 35° 50" E, 123 m, 18.08.2017. 2 4, Sinop,
Boyabat, Kogak, 41° 36" N, 34° 38" E, 350 m,
16.06.2017.

Eupithecia ericeata (Rambur, 1833); Figure B-17

Material examined: 1 &, Corum, Bayat, Karatepe, 40°
44' N, 34° 12" E, 1681 m, 22.06.2018.

Eupithecia subfuscata (Haworth, 1809); Figure B-18

Material examined: 1 &, 1 @, Ordu, Mesudiye, Golkdy,
40°36' N, 37° 37" E, 1580 m, 29.06.2017.

Horisme tersata (Denis & Schiffermiiller, 1775); Figure
B-19

Material examined: 2 99, Tokat, Niksar, Mutluca, 40°
25'N,37° 07" E, 436 m, 18.05.2017.

Hydriomena impluviata (Denis &  Schiffermiiller,

1775); Figure B-20

Material examined: 1 &, Ordu, Golkdy, Center, 40° 38°
N, 37° 36" E, 1130 m, 29.06.2017.

Hylaea fasciaria (Linnacus, 1758); Figure B-21

Material examined: 3 3, Corum, Bayat, Kunduzlu, 40°
45' N, 34° 15" E, 1605 m, 26.07.2017.
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Hypomecis punctinalis (Scopoli, 1763); Figure B-22

Material examined: 7 &, Tokat, Niksar, Mutluca, 40°
25'N,37° 07 E, 436 m, 18.05.2017.

Idaea aversata (Linnaeus, 1758); Figure B-23

Material examined: 3 §&, Corum, Bayat, Kunduzlu, 40°
45' N, 34° 15" E, 1605 m, 26.07.2017; 1 @, Bayat,
Kunduzlu, 40° 45" N, 34° 14" E, 1321 m, 31.07.2017.

Idaea filicata (Hiibner, 1799); Figure B-24

Material examined: 1 &, Samsun, Havza, Celikalan, 41°
12' N, 35° 51" E, 639 m, 29.07.2017. 2 &J, Sinop,
Duragan, Center, 41° 23" N, 35° 16" E, 1140 m,
28.07.2017.

Idaea ochrata (Scopoli, 1763); Figure B-25

Material examined: 4 &, 2 29, Corum, Mecitdzii,
Ibek, 40° 22" N, 35° 03" E, 870 m, 1.07.2017. 8 34,
Yozgat, Center, Biiytikincirli, 39° 37" N, 34° 55" E, 1028
m, 19.06.2018.

Idaea politaria (Hibner, 1799); Figure B-26

Material examined: 1 &, Corum, Ugurludag,
Kumgeltigi, 40° 34' N, 34° 30" E, 784 m, 1.07.2017; 1 Q,
Iskilip, Basmakec1, 40° 43" N, 34° 35 E, 857 m,
27.07.2017; 1 &, Center, Konak, 40° 38' N, 35° 11" E,
980 m, 28.07.2017. 1 &, Ordu, Center, Karaca, 41° 00'
N, 37° 37" E, 48 m, 30.06.2017. Samsun, Bafra,
Kabagukur, 41° 19' N, 35° 50" E, 123 m, 18.08.2017; 1
&, Kavak, Akbelen, 41° 09' N, 35° 53' E, 910 m,
18.08.2017; 6 33, Samsun, Havza, Ortaklar, 41° 00' N,
35° 34" E, 830 m, 21.06.2018. 3 4&, Sinop, Boyabat,
Kogak, 41° 36" N, 34° 38" E, 350 m, 16.06.2017.

Idaea rufaria (Hiibner, 1799); Figure B-27

Material examined: 1 &, Samsun, Havza, Celikalan, 41°
12' N, 35° 51" E, 639 m, 29.07.2017.1 &, Sinop,
Duragan, Center, 41° 23" N, 35° 16" E, 1140 m,
28.07.2017.

Isturgia arenacearia (Denis & Schiffermiiller, 1775);
Figure B-28

Material examined: 3 JJ, Samsun, Vezirkdprii,
Giildere, 41° 17" N, 35° 55" E, 630 m, 29.07.2017.

Ligdia adustata (Denis & Schiffermiiller, 1775); Figure
B-29

Material examined: 1 &, Yozgat, Center, Kalmbiik, 39°
56N, 34° 42" E, 1215 m, 19.06.2018.

Lomaspilis bithynica Wehrli, 1939; Figure B-30

Material examined: 2 &, Corum, Bayat, Kunduzlu, 40°
45'N, 34° 14" E, 1321 m, 22.06.2018.

Lythria cruentaria (Hufnagel, 1767); Figure B-31

Material examined: 1 &, Amasya, Giimiishacikdy, Sekii,
40°57' N, 36° 06" E, 809 m, 30.07.2017; 3 3&, Tasova,
Karabiik, 40° 43' N, 36° 09' E, 267 m, 19.08.2017. 1 &,
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m,2.07.2017; 4 33, Sungurlu, Tugcu, 40° 11' N, 34° 19' ibi, 40° 58' N, 35° 54" E, 779 m, 30.07.2017. 1 2,

E, 796 m, 19.06.2018. 4 43, Samsun, Havza, Boyal,

Figure 2. Adult of Geometridae species: 1. Alcis repandata, 2. Aplasta ononaria, 3. Aplocera efformata, 4. Asthena albulata, 5. Cabera
exanthemata, 6. C. pusaria, 7. Camptogramma bilineata, 8. Chiasmia clathrata, 9. Coenotephria ablutaria, 10. Costaconvexa
polygrammata, 11. Cyclophora linearia, 12. Dicrognophos sartata, 13. Eilicrinia cordiaria, 14. Ematurga atomaria, 15. Eupithecia
breviculata, 16. E. ericeata, 17. E. subfuscata, 18. Heliomata glarearia, 19. Horisme tersata, 20. Hydriomena impluviata, 21. Hylaea
fasciaria, 22. Hypomecis punctinalis, 23. Idaea aversata, 24. I. filicata, 25. I. ochrata, 26. I. politaria, 27. I. rufaria, 28. Isturgia
arenacearia, 29. Ligdia adustata, 30. Lomaspilis bithynica, 31. Lythria cruentaria, 32. L. purpuraria, 33. Macaria alternata, 34. Minoa
murinata, 35. Odezia atrata, 36. Orthostixis cribraria, 3. Peribatodes rhomboidaria, 38. Petrophora chlorosata, 39. Rhodostrophia
discopunctata, 40. R. vibicaria, 41. Scopula flaccidaria, 42. S. marginepunctata, 43. S. ornata, 44. S. turbulentaria, 45.
Scotopteryx chenopodiata, 46. Stegania dilectaria, 47. Therapis flavicaria, 48. Timandra comae. (Scale: 1cm).
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Yozgat, Sarikaya, Yesilkisla, 39° 24" N, 35° 21" E, 1220
m, 28.06.2017; 1 9, Sarikaya, Baglica, 39° 35" N, 35°
15" E, 1118 m, 28.06.2017.

Lythria purpuraria (Linnaeus, 1758); Figure B-32

Material examined: 2 &&, Amasya, Tasova, Karabiik,
40° 43' N, 36° 09' E, 267 m, 19.08.2017. 1 &, Sinop,
Duragan, Cayagzi, 41° 26" N, 35° 08" E, 612 m,
28.07.2017. 2 38, Tokat, Pazar, Center, 40° 17" N, 36°
19" E, 552 m, 18.05.2017.

Macaria alternata (Denis & Schiffermiiller,
Figure B-33

1775)

Material examined: 1 &, Corum, Bayat, Kunduzlu, 40°
45'N, 34° 15" E, 1605 m, 26.07.2017.

Minoa murinata (Scopoli, 1763); Figure B-34

Material examined: 2 4'J, Sinop, Ayancik, Gokcukur,
41°39'N, 34°40" E, 866 m, 17.08.2017.

Odezia atrata (Linnaeus, 1758); Figure B-35

Material examined: 7 33, Tokat, Almus, Bakimli, 40°
37'N,36°80" E, 826 m, 17.05.2017.

Orthostixis cribraria (Hiibner, 1799); Figure B-36

Material examined: 5 33, Corum, Bayat, Kunduzlu, 40°
45" N, 34° 14" E, 1360 m, 26.07.2017; 1 &, Center,
Konak, 40° 38" N, 35° 11" E, 980 m, 28.07.2017; 7 34,
2 43, Bayat, Kunduzlu, 40° 45' N, 34° 14" E, 1321 m,
31.07.2017.

Peribatodes rhomboidaria (Denis & Schiffermiiller,
1775); Figure B-37

Material examined: 1 &, Samsun, Vezirkoprii, Giildere,
41°17' N, 35° 55" E, 630 m, 29.07.2017. 3 &&, Sinop,
Boyabat, Kogak, 41° 36" N, 34° 38" E, 350 m,
16.06.2017.

Petrophora chlorosata (Scopoli, 1763); Figure B-38

Material examined: 1 &, Ordu, Akkus, Center, 40° 48’
N, 37° 00" E, 1310 m, 30.06.2017. 1 &, Yozgat,
Sarikaya, Yesilkigla, 39° 24" N, 35° 21" E, 1220 m,
28.06.2017.

Rhodostrophia discopunctata Amsel, 1935; Figure B-39

Material examined: 1 &, Corum, Dodurga, Yenikdy, 40°
51' N, 34° 42' E, 977 m, 22.06.2018. 5 3&, Sinop,
Boyabat, Kogak, 41° 36" N, 34° 38 E, 350 m,
16.06.2017. 1 &, Yozgat, Sarikaya, Yesilkisla, 39° 24
N, 35° 21' E, 1220 m, 28.06.2017; 1 Q, Center,
Biiyiikincirli, 39° 37' N, 34° 55' E, 1028 m, 19.06.2018;
1 @, Center, Tayip, 39° 50' N, 34° 42" E, 1209 m,
19.06.2018; 1 &, Center, Evci, 39° 51' N, 34° 42" E, 1192
m, 19.06.2018.

Rhodostrophia vibicaria (Clerck, 1759); Figure B-40

Material examined: 1 @, Corum, Bayat, Kunduzlu, 40°
45' N, 34° 14' E, 1360 m, 26.07.2017; 2 &&, Dodurga,
Yenikdy, 40° 51' N, 34° 42" E, 977 m, 22.06.2018; 1 &,
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Iskilip, Asarcik, 40° 44" N, 34° 34’ E, 1071 m,
22.06.2018; 1 &, Bayat, Kunduzlu, 40°45' N, 34° 14" E,
1321 m, 22.06.2018.

Scopula flaccidaria (Zeller, 1852); Figure B-41

Material examined: 3 &&, Samsun, Tekkekdy, Ovabasi,
41°12"'N,36°30" E, 3 m, 18.08.2017.

Scopula marginepunctata (Goeze, 1781); Figure B-42

Material examined: 1 &, Sinop, Boyabat, Kogak, 41° 36
N, 34° 38" E, 350 m, 16.06.2017.

Scopula ornata (Scopoli, 1763); Figure B-43

Material examined: 1 &, Sinop, Boyabat, Kogak, 41° 36
N, 34° 38" E, 350 m, 16.06.2017; 1 &, Erfelek,
Hasandere, 41° 52" 55"N, 34° 56' 42"E, 346 m,
17.08.2017.

Scopula turbulentaria (Staudinger, 1870); Figure B-44

Material examined: 2 43, 1 @, Sinop, Boyabat,
Gokegeagagsakizi, 41° 38" N, 34° 36" E, 459 m,
21.06.2018.

Scotopteryx chenopodiata (Linnacus, 1758); Figure B-
45

Material examined: 2 33, Corum, Bayat, Kunduzlu, 40°
45' N, 34° 14" E, 1360 m, 26.07.2017; 4 4&, Bayat,
Kunduzlu, 40° 45" N, 34° 15" E, 1605 m, 26.07.2017.

Stegania dilectaria (Hiibner, 1790); Figure B-46

Material examined: 2 &, 1 @, Corum, Bogazkale,
Hattusa, 40° 01' N, 34° 37" E, 1019 m, 16.08.2017.

Therapis flavicaria (Denis & Schiffermiiller, 1775);
Figure B-47

Material examined: 1 &, Ordu, G6lkdy, Center, 40° 38"
N, 37°36" E, 1130 m, 29.06.2017.

Timandra comae A. Schmidt, 1931; Figure B-48

Material examined: 2 &3, Corum, Bogazkale, Hattusa,
40° 01' N, 34° 37" E, 1019 m, 16.08.2017. 2 &3,
Samsun, Havza, Derekdy, 41° 06" N, 35° 42" E, 564 m,
29.07.2017; 1 &, Tekkekdy, Ovabast, 41° 12° N, 36° 30
E, 3 m, 18.08.2017.

3.2 Discussion

692 species of Geometridae were identified in Tirkiye.
According to,'* 199 from Amasya, 2 from Corum, 87
from Ordu, 13 from Samsun, 23 from Sinop, 41 from
Tokat, and 3 from Yozgat Geometridae species were
reported. In this paper, 5 species of Geometridae were
determined and 3 of them were recorded for the first time
in Amasya province; 18 species of Geometridae were
determined and 18 of them were recorded for the first
time in Corum province; 10 species of Geometridae were
determined and 7 of them were recorded for the first time
in Ordu province; 12 species of Geometridae were
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Geometridae Species count Determined species  New record for Species count after
species before this study in this study provinces this study

Provinces

Amasya 199 5 3 202
Corum 2 18 18 20
Ordu 87 10 7 94
Samsun 13 12 11 24
Sinop 23 16 14 37
Tokat 41 5 3 44
Yozgat 3 9 9 12

Table 1. Distribution of Geometridae species in provinces.

determined and 11 of them were recorded for the first
time in Samsun province; 16 species of Geometridae
were determined and 14 of them were recorded for the
first time in Sinop province; 5 species of Geometridae
were determined and 3 of them were recorded for the first
time in Tokat province; 9 species of Geometridae were
determined and 9 of them were recorded for the first time
in Yozgat province (Table 1).

Conflict of interests

Authors declare that there is no a conflict of interest with
any person, institute, company, etc.

REFERENCES

1. Kagar, G.; Ozdemir, M. Plant Prot Bull. 2015, 55(4),
255-264.

2. Can Cengiz, F. MKU. J. Agric. Sci. 2011, 16 (1): 11-
18.

3. Hakyemez, A.J. Fac. For. Istanbul U., Seri A, 1994a,
44: 111-133.

4. Hakyemez, A.J. Fac. For. Istanbul U., Seri B, 1994b,
44:123-130.

5. Akbulut, S.; Yiiksel, B.; Keten, A. Turk. J. Zool.,
2003, 27: 257-268.

6. Ozdemir, M. Cent. ent. Stud., Priamus, 2007, vol. 7-
94s.

7. Cakan, G.; Okyar, Z. Turk. Entomo.l Derg-Tu., 2007,
31: 47-62.

8. Can, F. Turk. J. Zool., 2008, 32 351-358.

9. Okyar, Z.; Yurtseven, S.; Aktac, N.; Cakan, G. North-
West J. Zool., 2009, 1. 5, No. 1, 104-120

152

10. Okyar, Z. J. Kansas Entomol. Soc., 2010, 83(3), 193-
200.

11. Ozdemir, M. Plant Prot Bull., 2016, 56(2): 209 -225.
12. Ozdemir, M. Entomofauna, 2019, 40 (2): 391-417.

13.Kogak, A. O.; Kemal, M. Cent. ent.Stud., Priamus,
2018, 8,1-487.

14.Seven, E.; Mironov, V.; Akin, K. Zootaxa, 2019a,
4668 (3), 443-447.

15.Seven, E. Acta Biologica Turcica, 2019b, 32 (3): 123-
127.

16.Seven, E.; Hausmann, A.; Aykal, A. Zool. Middle.
Eas., 2021a, 65-72.

17.Seven, E. J. Entomol. Res. Soc., 2021b, 23(2), 153-
156.

18. Aykal, A.; Seven E. Trakya Univ. J. Nat. Sci., 2022,
23(1): 81-94.

19. Koyuncu, M.O.; Kiitiik, M. KSU J. Agric Nat., 2022,
25 (1): 127-132.

20. Hausmann, A. The Geometrid Moths of Europe,
Volume 1. Apollo Books, Stenstrup, Denmark, 2001.

21.Mironov, V. The Geometrid Moths of Europe,
Volume. 4. Apollo Books, Stenstrup, Denmark, 2003.

22.Hausmann, A. The Geometrid Moths of Europe.
Volume 2. Apollo Books, Stenstrup, Denmark , 2004.

23. Hausmann, A.; Viidalepp, J. The Geometrid Moths of
Europe. Volume 3. Apollo Books, Stenstrup, Denmark,
2012.



Int. J. Chem. Technol. 2022, 6 (2), 147-153

DOI: http://dx.doi.org/10.32571/ijct.1170566

Koyuncu and co-workers

E-ISSN: 2602-277X

24.Skou, P.; Sihvonen, P. The Geometrid Moths of
Europe. Volume 5. Apollo Books, Stenstrup, Denmark,
2015.

25. Leraut, P. Moths of Europa Geometridae Volume I,
20009.

26.Redondo, V.; Gaston, F.J.; Gimeno, R. Geometridae
Ibericae. Apollo Books, Stenstrup, Denmark, 2009.

153

27.Miiller, B., Erlacher, S.; Hausmann, A.; Rajaei, H.;
Sihvonen, P.; Skou, P.. The Geometrid Moths of
Europe.Volume 6. Apollo Books, Stenstrup, Denmark,
2019.

28. Koyuncu, M.O.; Kiitiik, M. Fresenius Environ. Bull.,
2021.30(6), 7309-7320.



Int. J. Chem. Technol. 2022, 6 (2), 154-163

DOI: http://dx.doi.org/10.32571/ijct.1194667

Ulusal and co-workers

E-ISSN: 2602-277X

7456

http://dergipark.org.tr/ijct

International Journal of Chemistry and Technology

Research Article

Attachment of idarubicin to glutaraldehyde-coated magnetic nanoparticle and
investigation of its effect in HL-60 cell line

Hasan ULUSAL", (") Fatma ULUSAL?,

Seyithan TAYSI!,

Mehmet Akif BOZDAYT',

Bilgehan GUZEL?,

Mehmet TARAKCIOGLU!

! Department of Medical Biochemistry, Faculty of Medicine, Gaziantep University, 27310, Gaziantep, Tiirkiye
2 Department of Chemistry and Chemical Processing Technologies, Tarsus University, 33100, Mersin, Tiirkiye
3 Department of Chemistry, Faculty of Arts and Sciences, Cukurova University, 01330, Adana, Tiirkiye

Received: 26 October 2022; Revised: 1 November 2022; Accepted: 30 November 2022

* Corresponding author e-mail: hasan_ulusal@hotmail.com

Citation: Ulusal, H.; Ulusal, F.; Bozday1, M. A.; Giizel, B.; Tayst, S.; Tarakg¢ioglu, M. Int. J. Chem. Technol. 2022,6 (2), 154-163. |

ABSTRACT

Idarubicin is a chemotherapeutic drug frequently used to treat
breast cancer and acute leukemia. This study aimed to
immobilize idarubicin on glutaraldehyde (GA)-coated
magnetic nanoparticles (MNP-GA) to prepare a drug with high
stability and low toxicity. We prefreed MNPS because of their
easy synthesis, low cost, and non-toxicity. In the study,
magnetite (Fe304) nanoparticles were prepared, coated with
glutaraldehyde, characterization processes were performed
with Fourier transform infrared spectroscopy (FT-IR), X-ray
diffraction pattern (XRD), and Conventional transmission
electron microscopy (C-TEM) methods, and idarubicin (IDA)
was bound. The cytotoxic effects of idarubicin-bound MNP-
GA and free idarubicin on HL-60 cell lines were determined by
MTT and ATP tests, and IC50 values were calculated. Flow
cytometry was used to evaluate apoptosis status, and the
expression of MDR1, Puma, NOXA, BAX, Survivin, and BCL-
2 genes were measured by the polymerase chain reaction
(PCR). It was found that the IC50 decreased between 5 and 7
times with the use of MNP. In PCR tests, the expressions of
apoptotic genes increased, while the expressions of MDR1 and
anti-apoptotic genes were decreased in the use of MNP.
Apoptosis was found to be increased in flow cytometry
measurements. The use of MNP systems has reduced drug
resistance since it provides controlled release of the drug and
prevents its exit from the cell due to its structure.

Keywords: Acute promyelocytic leukemia, glutaraldehyde,
HL-60 cell line, 1darubicin, magnetic nanoparticles.

Glutaraldehit kapli manyetik nanopartikiile
idarubisin tutturulmasi: ve HL-60 hiicre
hattinda etkisinin incelenmesi

0z

Idarubisin, meme kanseri ve akut 16semi tedavisinde siklikla
kullanilan kemoterap6tik bir ilagtir. Bu ¢alismada, yiiksek
stabilite ve diislik toksisiteye sahip bir ila¢ hazirlamak icin
idarubisini glutaraldehit (GA) kapli manyetik nanopartikiillere
(MNP-GA) immobilize edilmesi amaglanmigtir. Manyetik
nanopartikiiller kolay sentez edilmesi, diisiik maliyetli olmast
ve toksik olmamasindan dolay1 tercih edilmistir. Caligmada
magnetit (Fe304) nanoparcaciklart hazirlanmis, glutaraldehit
ile kaplanmis, Fourier transform kizilétesi spektroskopisi, X-
1511 kirinim deseni ve Konvansiyonel transmisyon elektron
mikroskobu yontemleri ile karakterizasyon islemleri yapilmisg
ve idarubisin baglanmistir. Idarubisine bagli MNP-GA ve
serbest idarubisinin HL-60 hiicre hatlar1 iizerindeki sitotoksik
etkileri MTT ve ATP testleri ile belirlendi ve IC50 degerleri
hesaplandi. Apoptoz durumu flow sitometrisi ile degerlendirildi
ve MDR1, Puma, NOXA, BAX, Survivin ve BCL-2 genlerinin
ekspresyonu polimeraz zincir reaksiyonu (PCR) yontemi ile
Olgiildii. MNP kullanimi ile IC50min 5 ile 7 kat arasinda
azaldig1 tespit edilmigtir. PCR testlerinde apoptotik genlerin
ekspresyonlar1 artarken, MNP kullaniminda MDRI1 ve anti-
apoptotik genlerin ekspresyonlar1 azaldi. Akim sitometri
Ol¢timlerinde apoptoz artisi saptandi. MNP sistemlerinin
kullanimy, ilacin kontrollii salinimin1 sagladig: ve yapisi geregi
hiicreden ¢ikigini engelledigi i¢in ilag direncini azaltmusgtir.

Anahtar Kelimeler: Akut promyelositik 16semi, glutaraldehit,
HL-60 hiicre hatti, idarubisin, manyetik nanopartikiiller.
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1. INTRODUCTION

In recent years, magnetic nanoparticles have significant
great attention due to their critical applications in
catalysis, biocatalysis, biomedicine, biosensor, bio-
separation, and magnetic resonance imaging contrast
enhancement.'” Magnetic nanoparticles (MNPs) are
attractive supports for these areas because of their high
surface area/volume ratio and ease of preparation.
Magnetic nanoparticles have enormous advantages
because they can be easily separated from the reaction
medium due to their magnetic properties and are
homogeneously dispersed in the solution. In addition,
changing the surfaces and polarities of MNPs with
chemicals increases their resistance to solutions. Surface
modification can be carried out by numerous methods,
such as hydrolysis techniques, surfactant-free
sonochemical reactions, and sol-gel methods.*® During
or following their syntheses, coating agents such as oleic
acid, epoxy-thiol group, chitosan, and polymers are used
for surface modification.”' In particular, aldehyde
groups are used as a binding agent to bind the
biomolecule to the support in immobilization
applications. Aldehydes are biocompatible molecules
and form Schiff bases by binding to amine groups over a
wide pH range.

Cancer is defined as reducing or damaging cellular
control and normal maturation mechanisms. Its
characteristics include heavy cell growth and the ability
to spread and metastasize to undifferentiated cells and
tissues and adjacent tissues.!' Cancer-related deaths are
the second most common disease after cardiovascular
diseases globally and in our country in the last 20 years.'”
It is a social problem due to its high prevalence and high
risk of death. Many methods, such as surgery,
chemotherapy, immunotherapy, hormone therapy, cell
transport therapy, and radiation therapy, are used in
cancer treatment, and chemotherapy is one of them.'?

Anthracyclines are among the most effective anticancer
drugs ever developed. Anthracycline’s cytotoxicity is
generally due to its ability to diffuse across the cell
membrane, intercalate between DNA base pairs, and
target topoisomerase 1> Doxorubicin is one of the
earliest anthracyclines and is widely used to treat
leukemia, bladder, Hodgkin's lymphoma, and breast
cancers. Idarubicin (IDA) is a synthetic analog of
daunorubicin and is often used to treat acute
promyelocytic leukemia, acute myeloid leukemia, and
chronic lymphocytic leukemia. The absence of the
methoxy group in the structure of IDA significantly
increases lipophilicity, which accelerates cellular uptake
and provides higher DNA binding capacity.'*

Traditional chemotherapy is still questioned due to the
lack of therapeutic agents at the tumor site, the
inadequacy of chemotherapeutic drugs in aqueous media,
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rapid clearance, and the lack of cancerous site-selective
drugs.'® The nanoparticle-supported drug is one of the
methods that can use as an alternative to chemotherapy.
The primary purpose of this method is to increase the
effectiveness of chemotherapeutic drugs and minimize
the interaction with healthy cells and the side effects of
these drugs.

The basic properties of nanoparticles in biotechnology
are their nanoscale structure, magnetic properties, and
ability to transport active biomolecules in specific tasks.
A magnetic nanoparticle consists of a magnetic core, a
protective layer, and an organic crosslinking.'®
Glutaraldehyde is the most practical and widely used
cross-linker in nanoparticle studies.” Sahin et al.
attached glutaraldehyde to polyvinyl alcohol-coated
MNPs.'® Zhao et al. bound albumin to amino acid-coated
MNPs with the help of glutaraldehyde.'® In cases where
the magnetic nanoparticle is covered with a protective
coating material, and an intermediate arm is attached, the
particle size becomes larger than desired. So, it makes
MNP challenging to enter the cell. In this study, we used
glutaraldehyde directly, as a protective coating and cross-
linker, without using a protective layer. In this way, the
design of nanoparticles has been reduced one step, and
the cost has also decreased. The use of glutaraldehyde as
a cross-linker and a coating material was applied for the
first time in our study. In this respect, our work has been
innovative and original, and it is different from other
publications using glutaraldehyde-coated nanoparticles.

For this purpose, in this research, magnetite (Fe3Oa4)
magnetic nanoparticles were synthesized and coated with
glutaraldehyde and finally, IDA was bound. The
cytotoxic effect of this complex was investigated on
acute promyelocytic leukemia (HL-60) cell line by cell
viability analysis. At ICso concentrations, apoptosis
status was evaluated by flow cytometry, and expression
of MDRI1, Puma, NOXA, BAX, Survivin, and BCL-2
genes was measured by polymerase chain reaction (PCR)
method.

2. MATERIALS AND METHODS
2.1. Reagents and chemicals

Ferrous sulfate (FeSO4.7H,0, >99%), ferric chloride
(FeCl3-6H,O, 97%), glutaraldehyde, dimethyl
sulfoxide (DMSO), sodium hydroxide, and phosphate
buffer saline (PBS) were purchased from Sigma-
Aldrich. All materials were used without further
purification.  Gaziantep  University = Medical
Biochemistry Department provided an HL-60 cell
line. RPMI 1640 medium and fetal bovine serum were
purchased from Capricorn. The spectroscopic
techniques listed below characterized the magnetic
nanoparticles and compared them with the reported
characterizations of similar compounds. Fourier
transform infrared spectra of materials were recorded
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on a Thermo Fourier transform infrared spectroscopy
(FT-IR) spectrophotometer; Smart ITR diamond
attenuated total reflection (ATR). Elemental analyses
(C, N, H) were recorded on a Thermo Scientific Flash
2000, CHNS elemental analyses apparatus. Electronic
spectra were obtained on a Perkin Elmer Lambda 25
UV spectrometer. Conventional transmission electron
microscopy (C-TEM) spectra were recorded on FEI
Tecnai G? Spirit BioTwin CTEM, 20-120 kv (contrast
transmission electron microscopy). X-ray diffraction
(XRD) patterns were recorded on Rigaku Miniflex
CuKoa, A=0.154nm.

2.2. Synthesis of magnetic nanoparticles

Glutaraldehyde-coated magnetic nanoparticles were
prepared according to co-precipitation method
prepared.’ Briefly, a solution of FeSO4.H,O (1.25 g,
7.33 mmol) and FeCl;.6H,O (2.34 g, 8.6 mmol) in
100 mL of water at 90 °C was stirred with a mechanic
stirrer for 30 minutes. Next, 12 mL of 0.1 M NaOH
solution was added to this solution dropwise at a
vigorous stirrer under N, atmosphere, and black
magnetic nanoparticles were precipitated. Finally, 12
mL of 0.3 M NaOH solution was added to the
mixture, and precipitation was finished. It remained
under this condition for 30 minutes and turned
reddish-brown. It was allowed to cool to room
temperature, and the MNPs were washed several
times with deionized water until pH reached 7. FT-IR,
XRD, and C-TEM characterization analyzes were
performed.

2.3. The coating of magnetic nanoparticles by
glutaraldehyde

For surface coating and modification with
glutaraldehyde, 1.0 g of MNPs was suspended in 100
mL of distilled water by ultrasonication for 30
minutes.”’ Next, 5 g of glutaraldehyde solution (25%,
12.5 mmol the glutaraldehyde/MNP ratio used was
determined from the amount of MNP remaining in the
water. Glutaraldehyde was added so that as little MNP
as possible remained in the water phase.) was added
to this mixture under vigorous mechanical stirring.
The mixture was stirred and ultrasonicated for 2 hours
at room temperature. Over time, a brown foam phase
appeared on the mixture. The obtained
glutaraldehyde-coated magnetic nanoparticles (MNP-
GA) were washed with distilled water and acetone
and then dried in an oven at 50 °C. FT-IR, XRD and
C-TEM characterization analyzes of these materials
were performed.

2.4. Idarubicin immobilization
Prepared MNP-GA material was weighed per well

with the final concentration of 2 mg/mL and added to
a 24-well plate. IDA solutions have dissolved in
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DMSO at different concentrations (10.0; 5.0; 1.0; 0.5;
0.1 and 0.01 uM). Samples for each concentration
were prepared in triplicate, and the results were
averaged. Besides, only MNP-GA and PBS were
placed in three wells to observe the toxic effect of
synthesized supports. Initially, the absorbance of each
IDA solution was measured at a wavelength of 412
nm in a UV-Vis Spectrophotometer (BioTek, Synergy
H1 microplate reader) to calculate the percent IDA
retention. The prepared plates were mixed
horizontally at 600 rpm for 24 hours. After 24 hours,
unbound IDA was separated by magnetic decantation,
absorbance was measured at 412 nm wavelength, and
the percent retention of IDA was calculated. Finally,
it was washed two times with PBS solution to remove
impurities of usable purity in the cell culture.

2.5. Investigation of cytotoxic effect of MNP-GA-
IDA complex on HL60 cell Line

Firstly, the cell number was optimized according to
the cells' incubation time and proliferation potential.
1000 pL of HL60 cell suspension was added to the
MNP-GA-IDA complex prepared with 1.0-1.5%10°
cells per well.

To compare the prepared drug with free IDA, 900 pL
HL60 cell suspensions were added to 24-well
microplates with 1.0-1.5%10° cells per well. 100 pL of
IDA was added to the cell suspensions at a final
concentration of 10.0; 5.0; 1.0; 0.5; 0.1 and 0.01 uM.
Each prepared sample was applied in 3 replicates. In
addition, the only cell suspension was added to three
wells as the negative control, and MNP-GA without
IDA was added to investigate the toxic effect of
MNP-GA. Three plates were prepared for the
incubation period of 24, 48, and 72 hours. The same
procedure was performed twice, one for MTT
cytotoxicity analysis and the other for ATP cell
viability assay analysis.

2.6. MTT cytotoxicity analysis

MTT viability assay was used to determine cell
viability in HL-60 cells. Prepared plates were
incubated at 37 °C for 24, 48, and 72 hours in a carbon
dioxide incubator. After incubation, 5 mg/mL MTT
solution was added to all wells and incubated for 4
hours. Then, the cell culture medium in the wells was
carefully removed and 1000 pL of DMSO was added
to each well and mixed for 10 minutes to dissolve the
violet crystals.

The intensity of the purple color formed during MTT
analysis is directly related to cell viability. The
absorbance of the plates was measured using a plate
reader set to 570 nm. The viability of the cells used as
a negative control was considered 100 % and the
percentage of viability of the drug-treated cells was
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calculated. Consequently, the ICso concentration was
calculated from the concentration-dependent curve of
cell proliferation.

2.7. ATP cell viability analysis

The CellTiter-Glo Luminescent Cell Viability Assay
was utilized to determine cell viability in HL-60 cells.
Cells were treated with different concentrations of
MNP-GA-IDA complex and free IDA. After 24 h, 48
h, and 72 h incubation at 37 °C, 100 puL of assay
reagent was added to each well. It was incubated on
an orbital shaker for 2 minutes to induce cell lysis.
The luminescent signals were determined by a
luminometer (Synergy H1 Multi-Mode Reader,
BioTek Instruments; Winooski, VT, USA). ICso
values of incubation times (24, 48, and 72 h) were
calculated separately for complex and free IDA. All
experiments were repeated three times.

2.8. Determination of apoptotic cells by flow
cytometry method

Annexin V is a member of the annexin family of
intracellular proteins that bind to phosphatidylserine
(PS) in a calcium-dependent manner. PS is typically
found in the portions of the plasma membrane facing
the cytoplasm- in healthy cells. However, during early
apoptosis, the membrane asymmetry is lost, and PS
migrates to the outer portions. The fluorochrome-
labeled Annexin V can then target and identify
apoptotic cells specifically. ICso values obtained from
MTT and ATP cytotoxicity tests were used to
measure the level of apoptosis. Commercial Annexin
V  Apoptosis  Kit (Biolegend 640932, USA)
containing Annexin V and Propidium Iodide (PI) dyes
was used to detect apoptosis for MNP-GA-IDA and
free IDA.

2.9. Measuring gene expressions

In this study, to examine the effect of magnetic
nanoparticles, the expressions of multidrug resistance
1 gene (MDR1), the expressions of apoptotic (Puma,
NOXA, and BAX) and anti-apoptotic (Survivin and
BCL-2) genes, and B-actin gene as control were
measured by PCR method.

Solutions corresponding to the I1Cso values found in
MTT and ATP cytotoxicity tests for MNP-GA-IDA
and free IDA were prepared and added to the wells to
measure gene expressions. 1x10° cells of HL-60 were
added to each well and subjected to incubation times
of 24, 48, and 72 hours. At the end of the incubation
period, the liquid portion of each well was removed
and centrifuged at 10000 g for 15 minutes. Then,
RNA isolation (Macharey-Nagel NucleoSpin®RNA,
740955.50, Germany), cDNA synthesis from mRNA
(Thermo Fischer Scientific, High-Capacity ¢cDNA
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Reverse Transcription Kit, Cat No: 4374966, USA),
and measurement of gene expressions (Go Taq qPCR
® Master Mix, ProMega, USA) by Real-Time PCR
(QIAGEN, Germany) was performed according to
commercial kit protocols.

3. RESULTS AND DISCUSSION

3.1. Characterization of modified magnetic
nanoparticles

Various solvents such as water, ethanol, methanol,
and acetone were tried as solvents during the coating
of MNPs with glutaraldehyde. However, when
organic solvents were used, it was observed that the
glutaraldehyde coating was less than water and could
not be identified in the characterization. On the other
hand, in the experiments where water was used as a
solvent, it was observed that the coating was achieved
when the foam formed on the surface of the mixture
was separated and analyzed after a while.
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Figure 1. FT-IR spectra of (a): MNPs, (b): MNP-GA, and (c):
MNP-GA-IDA.

The characterization of magnetic nanomaterials was
verified by FT-IR, C-TEM), XRD, ICP-OES, and
UV-Vis. Figure 1 shows the FT-IR spectra of MNPs
(a), MNP-GA (b), and MNP-GA-IDA (c). The
characteristic peak for Fe-O was observed at 541 cm’
! for two materials. A strong O-H band about 3400-
3450 cm’! was observed in both MNP-GA and MNP-
GA-IDA, indicating that —OH groups cover the
surface of Fe3O4 nanoparticles. The intensity of this
bond increased after immobilization due to the
presence of —OH groups in hemoglobin. C-H aliphatic
bands of IDA were observed at 2900 and 1051 ¢cm’'.
The peaks observed at 1633 cm! indicate the presence
of C=0 bands of the aldehyde group of IDA and
glutaraldehyde. C=N band observed at 1524 cm’!
refers to the Schiff base formed between hemoglobin
and MNP-GA.”
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Figure 2 shows the XRD patterns of MNPs (a) and
MNP-GA (b) nanocomposites. Fe;O4 characteristic
peaks were observed for both samples with the
indices ((220), (311), (400), (422), (511), and (440)).
These peaks refer to spinel structure (JCPDS card
number is 65-3107). The primary diameter of the
magnetic nanoparticles was calculated as 20 nm and
24.8 nm for MNPs and MNP-GA, respectively, using
the peak of (311) from the Scherrer formula. These
data show that the surface modification did not
change the crystal structure and size of FesOa,
suggesting that the immobilization occurred only on
the particle surface.
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Figure 2. XRD spectra of (a): Magnetic Nanoparticles, (b):
Magnetic Nanoparticles-Glutaraldehyde.

Contrast transmission electron microscopy images of
MNP, MNP-GA, and MNP-GA-IDA are shown in

Figure 3. The dark black colored spots in the middle
indicated the magnetic nanoparticles, and the lighter
outer image indicated the coated organic material.
Most nanoparticles are spherical, and the average
particle size was calculated as 21.0+2.5 nm (200
counted particles), 23.843.1 nm (364 counted
particles), and 30.8+6.0 (172 counted particles) for
MNPs, MNP-GA, MNP-GA-IDA, respectively. It is
clear that MNP-GA does not agglomerate and is well-
dispersed, meaning that the glutaraldehyde coating
prevents the agglomeration of particles. The C-TEM
image of MNP-GA-IDA shows that the coating
thickness is 2-6 nm, and there are two layers on the
surface of spherical-shaped magnetic nanoparticles.
The first of these layers is glutaraldehyde, while the
other layer shows IDA. When the MNP-GA and
MNP-GA-IDA images are compared, surface
difference is remarkable. It can be seen from the C-
TEM images that the IDA is attached to the support
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material. It was observed that the agglomeration
amount of the particles increased after the IDA
coating. According to all analysis results, it was
understood that MNP was synthesized correctly and
in desired sizes.

Table 1. Atomic composition of nanomaterials.

Material Fe % 0% C% % N
MNP 72.36 27.64 - -
MNP-GA 69.42 25.92 1.96 -
MNP-GA- 66.32 27.84 3.27 2.57
IDA

C: Carbon, Fe: Iron, GA: Glutaraldehyde, IDA: Idarubicin, MNP:
Magnetic nanoparticles, N: Nitrogen, O: Oxygen,

The atomic composition of the prepared
nanomaterials is given in Table 1. According to the
ICP-OES results, the amount of Fe atoms in MNP-
GA-IDA decreases compared to MNPs while the
amount of C atoms increases. Although MNP and
MNP-GA materials do not contain nitrogen atoms,
MNP-GA-IDA obtained by binding IDA is expected
to contain nitrogen. Energy-dispersive X-ray
spectroscopy analysis showed that the nitrogen
content was 2.57%. The increase in carbon and
nitrogen amounts when the iron level decreases
indicate that glutaraldehyde is coated on the MNP
surface, and IDA is immobilized to MNP-GA.

Absorbance (A)

Wavelength (nm)
Figure 4. UV-Vis spectra of IDA. Red peak freshly prepared
idarubicin solution, the blue curve is MNP-free IDA solution
prepared in PBS and subjected to the same procedures as in the
idarubicin binding assays, green curve remaining solution from
MNP-GA binding and the purple curve represents the
absorption spectra of the PBS solution.

The UV-Vis spectrum is shown in Figure 4. Red peak
freshly prepared IDA solution, the blue curve is
MNP-free IDA solution prepared in PBS and
subjected to the same procedures as in the IDA
binding assays, the green curve remaining solution
from MNP-GA binding, and the purple curve
represents the absorption spectra of the PBS solution.
When the spectra were compared, IDA alone
degraded at room temperature as expected. The
decrease in peak intensity indicates the
immobilization of IDA to MNP-GA. Two
characteristic peaks appear at 447 nm and 471 nm
from the UV-Vis spectrum of MNP-GA-IDA,



Int. J. Chem. Technol. 2022, 6 (2), 154-163

DOI: http://dx.doi.org/10.32571/ijct.1194667

Ulusal and co-workers

E-ISSN: 2602-277X

indicating that IDA retains its structure after
immobilization. The wavelength at which substances
absorb is in the blue region. The complementary color
of blue is orange. The color of the idarubicin solution
is also orange. In this region, n-n* and n-n transitions
are seen. These transitions are due to the benzene ring
in idarubicin.?! Evidence of the stability of the
glutaraldehyde-coated MNP material is given in
Figure 4. Accordingly, the absence of peaks of pure
GA in the presence of MNP-GA indicates that GA
remains on the MNP surface.??

Coating with glutaraldehyde was performed to
maintain the magnetic nanoparticles' stability,
prevent agglomeration and bind the drug.

Glutaraldehyde is an aldehyde containing a carbonyl
group at both ends. This way, one terminal can be
connected to the magnetic nanoparticle, while the
other terminal can be connected to IDA by forming a
Schiff base. C-TEM images show that agglomeration
is low, and aspherical grain structure is formed
(Figure 3).

Omean=21.0 + 2.5 nm
b (200 counted particles)

!

17 18 19 20 21 22 23 24 25 26
Diameter (nm)

07 vt pari

Figure 3. (a): C-TEM image of MNPS, (b): particle size
distribution of MNPs, (c): C-TEM image and particle size
distribution of MNP-GA, and (d): C-TEM image and
particle size distribution of MNP-GA-IDA.

IDA was attached to the magnetic nanoparticles for
which characterization processes were performed.
IDA-linked constructs were checked by FT-IR
analysis. The characteristic C=N stretching peaks
seen in the FT-IR spectrum indicate binding of the
IDA (Figure 1).

3.2. Cytotoxicity analysis findings

MTT assay was performed to determine the cytotoxic
effects of different concentrations of free IDA and MNP-
GA-IDA on the HL60 acute promyelocytic leukemia cell
line. From the concentration-dependent cell proliferation
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curve, the concentration at which 50% of the cells were
viable (ICso) was calculated from the data obtained from
the MTT assay. Living cells reduce tetrazolium to purple-
colored formazan crystals by mitochondrial reductase
activity. First, DMSO is added to dissolve the formazan
crystals in the reaction medium, and then the viability
analysis is completed by measuring the optical density of
the chromogen at 570 nm. According to the result
obtained from the analysis, a positive correlation was
observed between the amount of absorbance and the
number of viable cells. The ICsy values of both the IDA
and MNP-GA-IDA complex calculated at 24, 48 and 72
hours from the MTT test are given in Table 2.

Table 2. ICso values of MNP-GA-IDA and free idarubicin in
the HL-60 cell line

ICso (M)
24 h 48 h 72 h
(mean = SD) (mean = SD)  (mean = SD)
IDA MTT 3,106+0.179  0,834+0.061 0,319 +0.035
ATP 3,303+0.148  0,819+0.015 0,298 +0.059
MNP-GA- MTT 0,439+£0.054 0,094+0.012 0,076 +0.010
IDA ATP 0,441 +£0.057  0,098+0.019 0,068 + 0.007

GA: Glutaraldehyde, IDA: Idarubicin, MNP: Magnetic nanoparticles

The basic principle of luminescence ATP cell viability
test; recombinant luciferase enzyme oxidizes luciferin to
oxyluciferin in the presence of ATP and molecular
oxygen. At the same time, the luminescence radiation
level and the amount of ATP are parallel. Therefore, as
cytotoxicity increases in the ATP cell viability test, the
luminescent radiation decreases, and the measured
optical density decreases. The luminescence ATP cell
viability assay was used to calculate the concentration
(ICs0) at which 50% of the cells were viable from the
concentration-dependent cell proliferation curve. The
ICso values of both the IDA and MNP-GA-IDA complex
calculated at 24, 48 and 72 hours from the ATP test are
given in Table 2. When the results were examined, it was
determined that the ICsp values in the MNP-GA-IDA
complex were between 5 and 8 times lower than in the
free IDA application.

3.3. Apoptosis findings

Apoptotic cells are divided into early and late
apoptotic cells. In cases where the cell membrane
remains intact and only PS is released, it is classified
as an early apoptotic cell, and when the plasma
membrane becomes permeable, it is classified as a
late apoptotic cell, known as secondary necrotic. The
direct exposure of healthy living cells to trauma, such
as extreme heat, mechanical and chemical attacks,
and exposure to excessive toxic drugs, cause necrotic
cell formation as the membrane completely breaks
down”® A flow cytometry device determined
apoptosis status for MNP-GA-IDA and free IDA. In
Figure 5, the LL region represents viable cells, the UL
and UR regions represent apoptotic cells, and the LR
region represents necrotic cells. In the development of
an effective drug, the cells should be recruited at
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apoptotic sites. When Figure 5 is examined, it is seen
that the control cells are mostly alive. When the
MNP-GA-IDA complex is applied, the cells begin to
accumulate in the apoptotic regions, and the cells do
not go into necrosis. This shows that the MNP-GA-
IDA complex kills cells not by necrotizing but by
stimulating the apoptotic pathway.

CONTROL 24

CONTROL 48 CONTROL 72

L e |

IDA 24

IDA 48 IDA 72

MNP-GA-IDA-24 MNP-GA-IDA-48

Propidum lodine (PI)

MNP-GA-IDA-72

Annexin V-FITC

Figure 5. Apoptosis findings of control, idarubicin and
Magnetic Nanoparticles-Glutaraldehyde-idarubicin (LL:
Live cell, UL: Early apoptotic cell, UR: Late apoptotic cell,
LR: Necrotic cell).

3.4. Gene Expressions Findings

To examine changes in cell apoptosis, the expressions
of multidrug resistance 1 gene (MDR1) in HL-60 cell
line, apoptotic (Puma, NOXA, and BAX) and anti-
apoptotic (Survivin and BCL-2) genes, and B-actin
gene as control were measured. Gene expressions
were analyzed in duplicate and averaged.

2-85Ct (coefficient of variation relative to control gene)
values for each gene are given in Table 3. Expressions
of genes belonging to the control group were accepted
as 1. Expressions of genes belonging to MNP-GA-
IDA and free IDA groups were given compared to the
control group. When the results are examined, it is
seen that while the expressions of apoptotic genes
increase, the expressions of anti-apoptotic genes
decrease in MNP-GA-IDA application. It is also seen
that MDR1 expressions are severely decreased. In
particular, a 6- and 10-fold increase was observed in
apoptotic NOXA gene expressions at the end of 48
and 72 hours, while there was a decrease of more than
50% in the expressions of anti-apoptotic and MDR1
genes. These results show that the drug administered
with the nanoparticle complex kills cancerous cells at
lower doses by increasing cell apoptosis and reducing
multidrug resistance.
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In this study, magnetic nanoparticles were used to
prevent the development of multidrug resistance and
reduce the toxic effect of IDA on healthy tissues by
reducing the effective dose.

The cytotoxic effects of magnetic nanoparticles
loaded with IDA on the HL-60 cell line were
investigated. When the results obtained from MTT
and ATP cytotoxicity tests are examined (Table 2), it
is seen that the ICso values in the IDA immobilized
MNP-GA structure is decreased compared to pure
IDA. A decrease in the effective dose (ICso) indicates
an increase in the cytotoxic effect. These results show
that the synthesized IDA-loaded magnetic
nanoparticles increased the cytotoxic effect. The
primary purpose of this study was to give the patient
a lower concentration that would have the same effect
due to the toxic effects of the drug given during
chemotherapy. There may be many reasons for the
decrease in the effective dose of the drug. These;
maybe because the magnetic nanoparticle facilitated
the drug uptake into the cell, increased the stability of
the drug, increased the half-life with the gradual
release of the drug, and decreased drug resistance.
There are no magnetic nanoparticle studies in the
literature to reduce the effective dose of IDA in the
HL-60 cell line. When studies with different drugs or
cells are examined, Gunduz et al. attached IDA to
nanoparticles coated with polyethylene glycol. They
found ICso values two times lower than free IDA in
the MCF-7 cell line."

Our study found that MDR1 gene expressions in the
MNP-GA-IDA system were decreased compared to
the free IDA molecule. Thus the drug resistance in the
cell decreased, and the drug became more effective
than the free IDA molecule. In their study, Cheng et
al. found that drug resistance decreased in the use of
drugs loaded with magnetic nanoparticles in resistant
K562 cells.?* In addition, Zhao et al. found that the
using magnetic  chitosan  nanoparticles in
glioblastoma cell lines downregulated MDR1 gene
expressions.’

On the other hand, magnetic nanoparticles enter the
cell by endocytosis due to their size.”® Gupta et al.
stated that the ideal particle size for drug delivery
should be between 10-100 nm. In this way, the drug
will be freed from being catabolized by the
reticuloendothelial system (RES).?” In the XRD and
C-TEM analyses performed in this study, particle
sizes were smaller than 50 nm. In this way, our drug-
loaded magnetic nanoparticles can remain in the cell.
Furthermore, nanoparticles entering the cell provide a
gradual release of the drug. In this way, it is ensured
that the drug has a continuous cytotoxic effect in the
cell. Furthermore, as the gradual release of the drug
by the MNP enables the drug to get rid of P-
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glycoprotein-mediated drug pumps, drug resistance in
the cell also decreases.?®

Table 3. 222 values of genes.

PUMA BAX NOXA Survivin BCL-2 MDR1
(mean + (mean + (mean + (mean = (mean + (mean +
SD) SD) SD) SD) SD) SD)
24h 1,00 1,00 1,00 1,00 1,00 1,00
Control 48h 1,00 1,00 1,00 1,00 1,00 1,00
72h 1,00 1,00 1,00 1,00 1,00 1,00
24h 0,80 = 0,99 + 1,34 + 091 + 0,53+ 0,81+
0,10 0,11 0,21 0,08 0,10 0,08
0,89 + 3,23+ 1,92 + 0,90 + 0,75 + 0,61 +
IDA 48h 0,09 0,45 0,18 0,14 0,09 0,03
72h 1,32+ 2,09 + 2,07 + 0,95+ 0,74 = 0,71 +
0,08 0,18 0,24 0,11 0,05 0,06
24h 1,93 £ 1,15+ 2,88 + 0,56 0,65 + 0,62 +
MNP- 0,32 0,09 0,46 0,07 0,08 0,04
GA- 48h 1,46 £ 2,22+ 6,08 + 0,55+ 0,92 + 0,55+
0,22 0,31 0,54 0,08 0,12 0,08
DA on 139+ 448+ 10,85 + 0,51+ 0,61+ 041+
0,24 0,72 1,23 0,04 0,06 0,06

GA: Glutaraldehyde, IDA: Idarubicin, MNP: Magnetic nanoparticles,

When the multi-drug resistance gene expressions are
examined (Table 3), it is seen that the expressions in
MNP structures are decreased compared to the control
cells. These findings support the cytotoxicity findings
and show that IDA-loaded MNP structures reduce
drug resistance. Decreased drug resistance allows the
drug to act at lower concentrations.

One of the reasons for the development of drug
resistance is the disruption of the apoptosis
mechanism. Apoptosis is regular and tightly
controlled programmed cell death. The molecular
mechanism of drug-induced apoptosis is associated
with a mitochondrial dysfunction characterized by
increased mitochondrial membrane permeability and
the release of cytochrome C from the mitochondria.”®
When the expressions of apoptotic and anti-apoptotic
genes were examined, it was found that the
expressions of apoptotic genes increased, and the
expressions of anti-apoptotic genes decreased (Table
3).

When the flow cytometry results were examined
(Figure 5), it was observed that MNP-GA loaded with
IDA did not lead to necrosis of the cells in 24, 48, and
72 hours incubations. Our results show that our MNP
systems do not cause necrotic effects. Therefore, it is
desired that the drug selected as a cancer drug has an
apoptotic effect on the cell. Especially drugs that lead
the cell to late apoptosis are preferred because they
kill the cell gradually.

In summary, our results show that the use of
nanoparticle structure significantly reduces the
effective dose of the drug. It was seen that the MNP-
GA-IDA structure was most effective at the 72nd
hour, according to all results. Further, it was observed
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that the expressions of MDRI1 and anti-apoptotic
genes decreased, and the expressions of apoptotic

genes increased despite the use of lower doses of
drugs. In addition, it was seen from the Annexin V
results that the MNP structure was not necrotic.
Therefore, reducing the drug dose will reduce the
patient's drug exposure, thus reducing the side effects.
In addition, reducing the use of drugs will provide
significant economic savings.

Considering all these results, it is seen that MNP drug
delivery systems have many advantages over free
drugs. These; (i) Free drugs between 10-100 nm are
eliminated and excreted due to their small size, while
drug-loaded MNPs can remain in circulation due to
their size around 20-50 nm,”’ (ii) since drug-loaded
MNP has lower ICso values than free drug, side effects
may decrease?’ (iii) drug-loaded MNPs can quickly
enter vessels and are easily targeted to cancer cells®
(iv) since drugs bind to MNPs, they are less affected
by environmental conditions and have higher stability
than free drug.’’

4. CONCLUSIONS

In the present research, idarubicin was successfully
immobilized after Fe;O4 magnetic nanoparticles were
prepared using the precipitation method, and then
coated with glutaraldehyde. It is clear that the
nanoparticle has been synthesized and has the desired
dimensions from the FT-IR, XRD, and C-TEM
testing results. The MNP-GA-IDA complex was
administered to HL-60 cells, and the change in
cytotoxicity against free idarubicin was measured
using MTT and ATP assays. Idarubicin complexed
with the nanoparticle had 5 to 7 times lower 1C50
values. Furthermore, it was demonstrated that the
MNP-GA-IDA complex increased the expression of
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apoptotic genes compared to free idarubicin and
decreased the expressions of anti-apoptotic genes and
the MDR1 gene. Consequently, it has been
ascertained that the utilization of MNP systems
decreases the effective dose of the drug, stimulates
apoptosis, and reduces the prevalence of resistance to
multiple drugs. Since our study is the first magnetic
nanoparticle study to reduce the effective dose of IDA
in the HL-60 cell line and the first study to directly
link drugs with GA, a cross-linker, without using any
organic preservatives, it will be a reference and guide
for future research.
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ABSTRACT

Hypericum perforatum, known as St. John's Wort and most
used ethnaformacolgically, belongs to the Hypericaceae
family. In this work, we aimed to evaluate the antioxidant,
antimicrobial, DNA protective activities, and enzyme inhibitor
properties of domestic and import H. perforatum aqueous
extracts. The total phenolic and flavonoid contents were also
determined for both samples. Results exhibited a high phenolic
content for Domestic H. perforatum aqueous extract (DHPE)
and Import H. perforatum aqueous extract (IHPE) samples.
Meanwhile, inhibition activity levels for a-glucosidase were
remarkable, the ICso value of DHPE was 16.35+0.07 png/mL,
and the ICso value of IHPE was 15.05+1.36 pg/mL, both
samples demonstrated almost twice of the standard inhibitor
effect (ICso: 30.62+2.07 pg/mL). Moreover, the inhibition
activity of both samples against a-amylase was more effective
than acarbose. The antibacterial results were as follows; the
highest MIC value detected by IHPE was 64 pg/mL against B.
cereus. In addition, IHPE was shown to be more effective than
the domestic sample against all microorganisms. Furthermore,
DHPE exhibited good protective activity from oxidative H202-
induced DNA damage. Both tested samples had an abundance
of phenolic content and were high in inhibitory activity against
diabetic enzymes. Generally, bioactivity tests’ results appeared
quite effective for both samples compared to the standards.

Keywords: H. perforatum, aqueous extract, phytochemical
content, bioactivity.

Yerli ve ithal Hypericum perforatum sulu
ekstraktlarinin kimyasal icerigi ve biyoaktif
kapasitesinin karsilagtirilmasi

0z

Sar1 kantaron olarak bilinen ve etnaformakoljik olarak en ¢ok
kullanilan Hypericum perforatum, Hypericaceae familyasina
ait bir bitkidir. Bu ¢alismada yerli ve ithal H. perforatum sulu
ekstraktlarinin antioksidan, antimikrobiyal, DNA koruyucu
aktiviteleri ve enzim inhibitor 6zelliklerini degerlendirmeyi
amagladik. Her iki 6rnek i¢in de toplam fenolik ve flavonoid
igerikleri belirlendi. Analiz sonuglari, Yerli H. perforatum sulu
oziit (DHPE) ve Ithal H. perforatum sulu 6ziit (IHPE)
numuneleri i¢in yiiksek fenolik igerikti. Numunelerin diyabetle
ilgili temel enzimlere karsi inhibisyon aktivitesi seviyeleri
carpiciydt; oa-glukosidaza gelince, DHPE'nin ICso degeri
16.35+£0.07 pg/mL idi ve IHPEmin ICso degeri 15.05+1.36
pg/mL idi, bu da swrasiyla enzimin standart inhibitdriiniin
etkinliginin neredeyse iki katmi temsil ediyor. Ozellikle,
DHPE'in o-amilaz ve a-glukosidaz iizerindeki inhibisyon
aktivitelerinin akarboza gore daha etkili oldugu belirlendi (ICso:
30.62+2.07 pg/mL). Antibakteriyel test su sekildeydi; en
yiiksek MIK degeri IHPE tarafindan B. cereus'a karsi 64 pg/mL
olarak tespit edildi. Ayrica, IHPE yerli 6rnekten daha etkiliydi.
DHPE, oksidatif H20: ile indiiklenen DNA hasarindan iyi
koruyucu aktivite sergiledi. Sonug olarak, test edilen her iki
numune de bol miktarda fenolik icerige sahipti ve diyabetik
enzimlere karsi inhibitor aktivitelerinde yiiksekti. Ayrica, diger
biyoaktivite testleri, standartlara gore oldukca etkili oldugu
gozlendi.

Anahtar Kelimeler: H. perforatum, sulu ekstrakt, fitokimyasal
icerik, biyoaktivite.
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1. INTRODUCTION

Hypericum perforatum is an enduring species distributed
worldwide, also recognized as St. John’s wort. It is
classified under folk medicines due to its curative
abilities for many diseases. The Cherokee, Iroquois, and
Montagnais all left behind records of using H.
perforatum. All of these tribes appeared to have utilized
the kinds as a febrifuge or cough remedy, but the
Cherokee employed it extensively. The use of the herb's
distilled oil as a treatment for cuts and bruises was one of
the first, most popular, and widespread pharmacological
uses of this plant in Europe after the 16th century.! H.
perforatum contains many bioactive molecules with
various pharmacologic effects, such as antioxidant
activity.” Due to the rising need for raw materials as a
source of organic bioactive compounds, this plant species
has drawn a lot of attention recently.” It has naturalized
many regions, most notably North America and
Australia. It is indigenous to Europe, West Asia, North
Africa, Madeira, and the Azores. The plant can infiltrate
meadows, disturbed places, dirt roads, the sides of roads
and highways, and sparse woodlands and spreads quickly
through runners or prolific seed production. H.
perforatum is currently one of the world's most widely
used medicinal plants due to the rapid rise in the
consumption of goods derived from it in recent years.* In
previous studies, plants' importance has been evaluated
for their biological and chemical properties and their use
in treating infectious diseases. H. perforatum contains
many bioactive molecules with various pharmacologic
effects, such as antioxidant activity.” Due to ecological
considerations, genetic differences within the species,
cutting time, sample preparation and processing, and
storage circumstances like light exposure, these
constituents' concentrations frequently change. Buds,
flowers, and the tips of twigs contain concentrated
amounts of significant bioactive substances. Regardless
of this diversity, it is understood that about 20% of the
plant extract is made up of bioactive substances.’”’
Recent interest has evaluated its antimicrobial activity
against several bacterial and fungal strains.’

The plant has many therapeutic uses, including treating
burns, eczema, psychiatric disorders, intestinal illnesses,
and skin wounds.? In addition, its extract’s chemical
compositions have various pharmaceutic attributes that
are related to anti-inflammatory, antiviral, antitumor, and
wound-healing activities.” In this study, using total
phenol and flavonoid content testing, we attempted to
create a comprehensive picture of the bioactive chemical
components for both H. perforatum extracts.
Additionally, the number of biological activities is
investigated as antioxidant, antibacterial, and DNA-
protective activities, in addition to determining the
inhibitory effects of the extracts for the enzymes
connected to diabetes, a—glucosidase and a—amylase.
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2. MATERIALS AND METHODS
2.1. Reagents and solutions

The domestic (D) and import (I) samples of H.
perforatum (HP) were provided by ERSAG Company
(Denizli, Tiirkiye). DHP and IHP aqueous extracts (aerial
parts) were obtained using the extraction method as
follows. 10 kg of DHP and IHP were placed in a heat-
resistant net inside the extraction device and mixed with
50 L of distilled water at 80 degrees for 2 hours in a
particular-made extraction system. After that, the liquid
part was removed from the extraction mixture using the
vacuum pump. The next step was applying the spray-
drying to produce the dark brown dry extract powder (1
kg, 10%). Then, dried samples of DHP and IHP aqueous
extracts (E) were obtained and stored at -20 °C.

2.2. Analysis of chemical content

Analysis of total phenol content (TPC) was obtained
using the Folin & Ciocalteu method.® The entire total
flavonoid content (TFC) was estimated using the
aluminum chloride method with slight modification.!

2.3. Determination of antioxidant capacity

We have applied three theories known and widely used
in the literature to determine the antioxidant capacity of
the samples. Firstly, the ammonium molybdenum
method was applied to detect the total antioxidant activity
of samples, based on forming green phosphate/Mo (V)
complex within 695 nm.'"'? Then, the free radical
scavenging capacities for samples were
spectrophotometrically evaluated using 1,1-diphenyl-2-
picryl-hydrazyl (DPPH')® and  2,2'-Azino-bis(3-
ethylbenzothiazoline-6-sulfonic acid) (ABTS").'

2.4. Determination of antimicrobial capacity

The antimicrobial effect of samples was detected using
six different bacteria gram-positive (Staphylococcus
aureus; ATCC 25213, Enterococcus faecalis; ATCC
29212, and Bacillus cereus; CCM 99) and gram-negative
(Pseudomonas aeruginosa; ATCC 15442, Klebsiella
pneumoniae; ATCC 10031 and Escherichia coli; ATCC
25922). Samples and standard antibiotics were prepared
with a concentration of 8.192 mg/mL, and the
microdilution method was applied to find the minimum
inhibition concentration (MIC)."S Samples were diluted
by mixing with cationic MHB medium (Mueller Hinton
IT Broth + CaCl, + MgCl,) in a sterile 96-well plate.
Then, 10 pL of 0.5 McFarland bacterial solution was
added to each well. After that, the plates were incubated
at + 4 °C followed by incubation at 37 °C (B. cereus
incubation at 30 °C) for 120 minutes. MIC has been read
after 16-18 hours of incubation.
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2.5. Inhibition of oc—amylase and a—glucosidase

a-amylase inhibition activity of samples was determined
spectrophotometrically depending on the hydrolysis of
starch in an acidic medium.'® a-glucosidase inhibition

also was determined spectrophotometrically by
measuring the formation of yellow-colored p-
nitrophenol.'”> 1,

2.6. DNA protective activity

DNA protection activity of samples was determined
using the agarose gel electrophoresis method."” The
experiment was applied by preparing a mixture of 4 uLb
of glycerol, 5 uL of the sample, 3 pL of pPBR322 plasmid
DNA (172 ng/uL), and 1 pL of 30 % H»O,. The mixture
was submitted to UV for 5. Then 2 pL of bromophenol
blue was added, and the mixture was loaded to the 1.5 %
agarose gel wells (1X TBE buffer + 2 pL ethidium
bromide). Then electrophoresis was applied for 120
minutes at 90 volts. Finally, the % DNA protection
activity was determined using the ImageJ program.

2.7. Statistical analysis

Experimental data were recorded using Microsoft Excel
and statistically analyzed by SPSS 22.0. Data like
survival rate, hatchability, and malformation rate
parameters were analyzed using the one-way analysis of
variance (ANOVA) test and Tukey test when the
variance data were homogeneous. A rank sum test was
used for graded data such as urine analysis indexes. P
values lower than 0.05 were considered significant.

3. RESULTS AND DISCUSSION
3.1. Total phenolics and total flavonoids

The chemical composition analysis was performed to
detect the total phenol and flavonoid content, as Gallic
acid for phenolics and quercetin for flavonoids. Results
revealed that DHPE with 155 mg GAE/g extract had
more phenolics content than the other sample, which also
was not far from this number, 142 mg GAE/g extract.
While the flavonoid content of IHPE came in first place
in quantity with 46 mg QE/g extract, as shown (Table 1).
This highly content may be behind the vast bioactive
effects of these samples. In order to compare our results
with literature data, we found that in another study that
the total phenolic content of five extracts of H.
perforatum in different parts using two solvents (EtOH—
water and water) was between 191 + 5 to 257 + 4 mg of
gallic acid/g of dry extract for the organic extracts and
between 162 + 3 to 228 + 2 mg of gallic acid/g of dry
extract for the water extracts, however, our DHPE and
IHPE samples have a 155 and 142 mg GAE/g extract,
respectively, which is almost the same range with this
study results from.?’ In addition, in another study, total
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Table 1. Chemical contents for H. perferatum extracts

Sample 2Total phenol bTotal flavonoid
content (TPC)  content (TFC)

DHPE 155.87+0.83 35.66+0.03

IHPE 142.96+0.76 46.02+0.67

*TPC: mg gallic acid equivalent/g extract
PTFC: mg quercetin equivalent/g extract
DHPE: Domestic H. perferatum aquous extract
IHPE: Import H. perferatum aquous extract

phenolic and flavonoid content of Turkish H. perforatum
extracts (ethanol, methanol, and water) were determined
to have the highest phenolic content as gallic acid
equivalent (355.01 + 0.43 mg/g ethanol extract). In
comparison, the ethyl acetate extract had the highest
quantity of total flavonoids as quercetin equivalent
(167.37 £ 0.88 mg/g methanol extract). However, both
phenolic and flavonoid contents were lower than our
aqueous extract contents.”! The phytochemical analysis
of methanol extract of aerial parts of H. perforatum
showed that the total phenolics content was (21.90 + 0.9
mg/g sample) and the total flavonoids content was (17.10
+ 0.02 mg/g sample). These results confirm that our
tested samples both the phenolic and flavonoid content of
the extracts are high relative to their peers.”
Furthermore, H. perforatum methanol aerial part extract
showed a total phenolic content of 15.01 + 1.54 mg/g and
total flavonoids of 4.67 £ 0.22 mg/g, and both contents
were lower than our plant contents.”®

3.2. Antioxidant activity

The results showed that the antioxidant activity of both
samples was very close to the standard antioxidants in
general. Further, DHPE showed a higher effect than E
vitamin and almost was same to BHA as ICsyp value
72.68+0.41 pg/mL for the total antioxidant test.
Furthermore, both samples give nearly the same activity
for the DPPH" sacavenging test as ICso value of
4.35+0.24 pg/mL for DHPE and 4.63+1.27 pg/mL for
IHPE. Also, there was a slight difference in the ICs value
with the standard antioxidants. For the last antioxidant
test, both samples had higher effects than the E vitamin,
Table 2.

Table 2. Antioxidant acttivity results for H. perferatum
extracts.

Sample Total DPPH' ABTS™
antioxidant  scavenging scavenging
DHPE 72.68+0.41*  4.35+024*  16.16+2.05°
IHPE 110.05+£0.15¢  4.63£1.27*  9.14+0.28*
BHA 72.4942.59*  3.41+£0.16*  8.93+0.82°
Vitamin E_ 86.025£0.40°  4.05+0.32*  19.50+0.83"

Note: Data are means of three repetitions + standard deviation (SD), variance
analysis: p<0.05

ICso value, pg/mL: DPPH’, ABTS™

Aosvalue, pg/mL: Total antioxidant

DHPE: Domestic H. perferatum aquous extract

IHPE: Import H. perferatum aquous extract

By comparing what we found to other literature research,
we found that the radical scavenging activity of both
extracts was higher than the methanolic extracts of H.
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perforatum, which gave an ICso value of 8.7+ 0.23 pg/mL
against DPPH.** Also, in another study, where they
determined a high flavonoid content for H. perforatum
ethanol extract, the DPPH" scavenging test results were
ICso value of 10.63 pg/mL, lower than our aqueous
extract.”® Another research investigated the antioxidant
properties of Turkish H. perforatum species and found
that ethyl acetate, methanol, and water extracts are lower
than gallic acid as a standard antioxidant; however, our
extracts give an activity almost the same as the
standards.”’ In another study, the DPPH" scavenging
activity of H. perforatum’ raw extract was 1Cso of 10.63
pg/mL, which is almost half the scavenging activity value
of our extracts.”

3.3. a—glucosidase and c—amylase inhibitory effect

The a-glucosidase is one of the critical enzymes of the
human digestive system, located in the small intestine. Its
role is to process and break down complex carbohydrates
into small, simple, and absorbable carbohydrates.
Inhibiting this enzyme represents a solid solution to
delaying glucose absorption and preventing the
postprandial rise in blood glucose levels, which may
prohibit the development of diabetes. Table 3 clarifies the
o—glucosidase inhibition activity of HPE samples and the
acarbose. IHPE exhibited the highest inhibition activity
with an ICsg value of 15.05£1.36 pg/mL; however, both
samples showed an inhibition activity higher than the
standard inhibitor, which gave an ICsy value of
30.62+2.07 pg/mL. Because of its capacity to break
down polysaccharide molecules, o-amylase is also
considered one of the most important enzymes of the
human digestive system, so it also may prohibit the
development of diabetes. Results show that (IHPE) has
the highest inhibition effect, with an ICsy value of
22.24+1.79 pg/mL; this effect was better than the
inhibition effect of both (IHPE) and acarbose, Table 3

Table 3. Enzyme inhibition acttivity results for H. perferatum
extracts.

Sample o-Glucosidase  a-Amylase
DHPE 16.35+0.072 22.24+1.792
IHPE 15.05+1.36* 54.35+0.35°
Acarbose 30.62+2.07° 59.01£1.04°

Note: Data are means of three repetitions + standard deviation (SD),
variance analysis: p<0.05

ICs value (ng/mL): a-Glucosidase, o-Amylase

DHPE: Domestic H. perferatum aquous extract

IHPE: Import H. perferatum aquous extract

Moreover, in the literature review that we had done, we
found that o-amylase and a-glucosidase inhibition
activity for the roots, non-flower shoots, and flower
shoots methanolic extracts of H. perforatum were lower
than acarbose inhibition for a-glucosidase and lower than
half the value of acarbose inhibition for the a-amylase
enzyme, on the other hand, our extracts were higher in
their inhibition activity than acarbose for both enzymes.*®
In another study, the inhibition activity of H. perforatum
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water-alcoholic extract against o-amylase and o-
glucosidase enzymes was found to be lower than
acarbose (reference inhibitor); by comparing these results
to our result, we conclude that H. perforatum aqueous
extract was more effective against both enzymes.”’

3.4. Determination of antimicrobial capacity

The antibacterial potential of H. perforatum samples
differed when tested against three-gram positive and
three-gram negative bacteria, including K. pneumoniae,
P. aeruginosa, E. coli, and B. cereus, E. faecalis, and S.
aureus. H. perforatum sample antibacterial activities
were represented as Minimum Inhibitory Concentration
(MIC, g/mL) and MIC values in Table 4.

Table 4. Antimicrobial capacity results for H. perforatum
extracts and antibiotics.
Gram-staining-negative

Samples E. coli P. acruginosa K. pneumoniae
DHPE 4096 4096 4096
IHPE 256 1024 1024
Amoxicillin -~ >1024 >1024 >1024
Tetracycline 4 8 8
Gram-staining-positive
Samples E. faecalis __ B. cereus S. aureus
DHPE 4096 2048 4096
IHPE 1024 64 512
Amoxicillin -~ >1024 0.5< >1024
Tetracycline 4 0.5< 4

DHPE: Domestic H. perferatum aquous extract
IHPE: Import H. perferatum aquous extract

The highest antibacterial activity was IHPE against B.
cereus bacteria, with a MIC value of 64 pug/mL.
However, IHPE has shown low antibacterial activity
against almost all bacteria, with a MIC value of 2048
pg/mL against B. cereus and 2096 ug/mL against the
other bacteria. Also, we used Amoxicillin and
Tetracycline as positive control in our research; the
results showed that IHPE was nearest in its activity to
Amoxicillin; on the other hand, Tetracycline was higher
than both samples and Amoxicillin. Moreover, in the
literature review that we had done, H. perforatum
extracts had shown a significant effect on S. aureus.”
Another study found that the gram-positive bacterial
strains were more sensitive to the methanolic extract of
H. perforatum in their minimum inhibitory concentration
than gram-negative bacterial strains.??

3.5. DNA protective activity

DNA protection capability for the H. perforatum samples
was performed using the plasmid DNA derived from
pBR322 in the presence of ultraviolet and hydrogen
peroxide. The addition of H. perforatum samples to the
reaction mix prohibits modification of the formation of
line DNA. It helps to protect the native formation of DNA
(Figure 1, a-b). Our results showed that IHPE had the
highest effect on protecting the DNA supercoiled and
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open-circular forms compared to the other tested samples
and the quercetin (as a positive control too). However,
IHPE gave a 30.31 protection percentage, IHPE gave a
60.01 protection percentage, and quercetin gave a 41.31
protection percentage for the supercoiled form. On the
other hand, for the open-circular, the protection
percentages were 25.78 for the IHPE, 57.33 for IHPE,
and 47.85 for the quercetin. In the previous study made
by,” they also tested the DNA protection activity for
water and ethanol extracts of the H. perforatum; it has
been proven beyond a doubt that all H. perforatum
extracts have the ability to offer DNA protection
potentials against UV rays when hydrogen peroxide is
present. H. perforatum seed, flower, fruit methanol, and
water extracts exhibit substantial DNA protection
activity. However, our extracts also exhibit a high
protection activity for plasmid DNA forms.*’
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Lane 1: plasmid DNA as a positive control,

Lane 2: plasmid DNA with H>O2 and UV as a negative control,

Lane 3: plasmid DNA + H0 + UV + IHPE (Import H. perferatum aquous extract)
Lane 4: plasmid DNA + H>0, + UV + DHPE (Domestic H. perferatum aquous extract)
Lane 5: plasmid DNA + H>O; + UV + Quercetin

(a) Agarose gel electrophoresis image
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(b) Comparing chart of % density of the open-circular and
supercoiled forms of plasmid DNA.

DHPE: Domestic H. perferatum aquous extract
IHPE: Import H. perferatum aquous extract

Figure 1. DNA damage protection potential results for H.
perforatum samples.

CONCLUSION

This work represents a cohesive academic base of
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standard biologic activities for Turkish H. perforatum
extract for further pharmacological investigation and
application. In addition to matching the test results of the
domestic extract with the reference materials, we also
tested imported H. perforatum extract to compare the
bioactivity of both extracts. However, we have observed
the reflection of the high phenolic content for the
domestic extract on the different biological activity as an
antioxidant and the inhibitory effect of key enzymes
linked to type 2 diabetes mellitus (a-amylase and o-
glucosidase), which could be a clue to the existence of
potential antidiabetic contents. On the other hand, the
imported extract showed a high ability to protect the
DNA structure and high antibacterial activity compared
to the domestic extract and the reference materials. This
is evidence of the difference in the environment of plants
in changing the chemical composition.
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ABSTRACT

Inhibitors of xanthine oxidase (XO) are effective and most
major therapeutic drugs for the management of gout. Chalcone
compounds are important in terms of biological activity and
have great importance in enzyme studies in recent years. In the
presented study, the effects of some chalcones on the enzyme
were tested in vitro by the spectrophotometric method.
Compounds showed an inhibitory effect between 7.21+£0.07 and
13.7840.13 puM IC50 values. The conformations and
interactions of the compounds in the active site of the enzyme
were determined by the molecular docking method using
Molegro Virtual Docker software. Molecular modeling studies
show that the B ring of chalcones has a significant contribution
to the inhibition effect on the XO enzyme. The presented study
suggests that chalcones may be a potential inhibitory group for
XO.

Keywords: Chalcone, xanthine oxidase inhibitor, molecular
docking.

Benzoik asitli kalkonlarin ksantin oksidaz
inhibitori Uzerine etkisinin incelenmesi

0z

Ksantin oksidaz (XO) inhibitorleri, gut tedavisinde ¢ok 6nemli
ve etkili terapdtik ilaglardir. Kalkon bilesikleri biyolojik
aktivite acisindan Onemli olup, son yillarda enzim
calismalarinda da biiyiik bir neme sahiptir. Yapilan ¢alismada,
bazi kalkonlarin enzim {iizerindeki etkileri spektrofotometrik
yontemlerle in vitro olarak test edildi. Bilesikler, 7.21+£0.07 ve
13.7840.13 uM IC50 degerleri arasinda bir inhibitor etki
gosterdi. Enzimin aktif  bolgesindeki  bilesiklerin
konformasyonlar1 ve etkilesimleri Molegro Virtual Docker
yazihmi kullanilarak molekiiler yerlestirme yontemi ile
belirlendi. Molekiiler modelleme caligmalari, kalkonlarin B
halkasinm, XO enzimi iizerindeki inhibisyon etkisine énemli
bir katkist oldugunu gostermektedir. Yapilan caligma
sonucunda, kalkonlarin XO igin potansiyel bir inhibitdr grup
olabilecegini diisiindiirmektedir.

Anahtar kelimeler:
molecular docking.

Kalkon, ksantin oksidaz inhibitdrii,

1. INTRODUCTION

Compounds with o-f unsaturated ketone structure
containing 1,3-diarylprop-2-en-1-one structure are called
chalcone. Chalcones can be isolated both naturally and
synthetically. Chalcones show very different biological
activities. In recent years, research on enzyme inhibition
of chalcones has become very important. The chalcones
have inhibitory effects against enzymes such as xanthine
oxidase,! protein tyrosine kinase,> quinone reductase,’
tyrosinase,Y mammalian alpha-amylase’, monoamine
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oxidase,® pyruvate kinase M2 (PKM2),” carbonic

anhydrase 1 (CAIl),” heme oxygenase,® carbonic
anhydrase I (CAID), aldose reductase,
acetylcholinesterase (AChE),’ a-amylase and o-

glucosidase,'’ butyrylcholinesterase (BChE).’ Xanthine
oxidase inhibitor reduces uric acid production in humans
and inhibits xanthine oxidase. Xanthine oxidase (XO) is
a type of enzyme that is a form of xanthine
oxidoreductase and produces reactive oxygen species.
XO catalyzes the oxidation of hypoxanthine to xanthine
and catalyzes the oxidation of xanthine to uric acid.


http://dergipark.org.tr/ijct
mailto:sedakursun@windowslive.com
https://orcid.org/0000-0002-1492-3266
https://orcid.org/0000-0003-2146-5870
https://orcid.org/0000-0001-6840-9660

Int. J. Chem. Technol. 2022, 6 (2), 170-175

DOI: http://dx.doi.org/10.32571/ijct.1199221

Aktar and co-workers

E-ISSN: 2602-277X

Xanthine oxidase is used for the treatment of
hyperuricemia and gout, as it is an enzyme responsible
for the catabolism of purines and their conversion to uric
acid. The XO inhibitor drug, which has been used
commercially for many years, is the purine analog called
allopurinol.'' However, new drug candidates were
needed because of the many side effects of allopurinol
such as hypersensitivity, gastrointestinal problems, and
renal toxicity. Because XO inhibitors, especially in the
treatment of gout and hyperuricemia; It has also been
associated with diabetes, hypertension, and other
cardiovascular diseases.

2. MATERIALS AND METHODS

Materials

Enzyme, substrate, inhibitor and other reagents used in
enzyme activity studies were purchased from Sigma-

Aldrich. Structures of the analysed compounds 1,'* 2,
3,13 4,13 and 5'% are given in Table 1.

o

O
5

2
W

3 FiC O

o

K °°
-0

Table 1 The structures of the analysed compounds (1-5).

4

2.1. Inhibitory
Chalcones

effects of Xanthine oxidase by

The Xanthine oxidase inhibition experiment was
performed according to the slightly changed methods in
the previous reports.'* Desired concentrations of enzyme
and substrate were arranged by potassium phosphate
buffer (pH 7.5, 50 mM), and the tested compounds were
dissolved in DMSO at 1 mg/mL, then diluted with pure
water ten times.

The enzyme solution (10 pL), 500 mM potassium
phosphate buffer (50 pL), and different concentrations of
chalcones (100 pL), and were added to the 96-well plate
and incubated at 37 °C for 15 min. Then, hypoxanthine
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as substrate (60 pL, 3 mM) was added to each well and
allowed to be incubated at 37 °C for 20 min. Finally, the
alteration in the absorbance within 7 minutes was
measured at 295 nm by using a multiple-reader
spectrophotometer. Allopurinol was used as a positive
control. The percent inhibition of xanthine oxidase
activity was computed by comparing the inhibitor
absorbance values with the control value without an
inhibitor. ICso values were obtained from the curve of
concentration plots of molecules versus % activity.

2.2. Molecular Docking

Molecular docking was accomplished by the
MolegroVirtual Docker for enzyme ligand docking.'®
The XO crystal structures (PDB IDs. 3NVY/ Quercetin,
7D60/ Oxypurinol (www.rcsb.org/structure/7D60),
3NRZ/Hypoxanthine, 3NVW/ Guanine) were retrieved
from RCSB Protein Data Bank.'®'® The XO structures
were optimized in the Protein Preparation tool to obtain
the chemically proper configuration by repairing
structural errors in amino acids. Inhibitor structures were
modeled in ChemDraw, and optimized and prepared
three-dimensional (3D) sdf structure wusing the
MarvinSketch. The docking site was described as the
area occupied by the co-crystal ligands plus a 13 A wide
zone in its immediate proximity, yielding a docking
region that was wide enough to set each of the docked
chalcones. The docking operation was repeated 10 times
for each compound. The best poses were visualized and
analysed using Discovery Studio 2021 Client program
(v17.2, Accelrys, San Diego, CA).

3. RESULTS AND DISCUSSION

3.1. Biological Activity

Xanthine oxidase inhibitors use as a drug to treat
hyperuricemia and gout disease.'**’ XO inhibitors from
many different groups have been reported in the
literature.”! The derivatives of some chalcones were
reported as strong xanthine oxidase inhibitors.??** In this
study, we tested some chalcones to determine their
inhibitor potentials against this enzyme activity at 1-25
UM concentrations. Also, we performed docking studies
to predict the accuracy of binding poses of compounds
with enzyme active sites. Results tabulated in Table 2.

As shown in Table 2, among the chalcone compounds
examined here compounds 1 and 2 had the greatest effect
with  7.21£0.07 and 7.54+£0.09 uM ICsy values,
respectively. Compounds 3, 4, and 5 showed a strong
inhibitory effect on XO, and the ICs of these compounds
were 8.82+ 0.12, 9.80+ 0.10, and 13.78+ 0.13 uM ,
respectively (Figure 1). Allopurinol was used as a control
to compare, its ICso values were determined as 6.18+
0.10. The compounds demonstrated an inhibition effect
against the enzyme at values very close to the standard.
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The name of ICso PDB ID and References ligands
compounds/Mol | yalues pM
ecular Weight 3NVY/ Quercetin
(g/mol) MolDock | LE | MolDock
Score Score
1/335.376 7.21£0.07 -142.45 -5.70 -176.96
2 /320.362 7.54+0.09 -145.96 -6.08 -181.03
3/330.153 8.82+0.12 -151.53 -7.58 -155.09
4/319.255 9.80+0.10 -162.30 -7.06 -170.20
5/434.337 13.78+0.13 -170.70 -5.33 -217.79
Resolution 2.00 A 1.99 A

7D60/ Oxypurinol | 3NRZ/Hypoxanthine

3NVW/ Guanine

LE MolDock LE MolDock LE

Score Score
-7.08 -176.21 -7.05 -179.97 -7.20
-7.54 -173.23 -7.22 -179.63 -7.48
-7.75 -152.52 -7.63 -155.03 -7.75
-7.40 -168.54 -7.33 -168.16 -7.31
-6.81 -210.66 -6.58 -224.05 -7.00
1.80 A 1.60 A

Table 2 The results obtained from in vitro and in silico studies against xanthine oxidase.
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Figure 1 Inhibition rate graphs of chalcones on xanthine
oxidase activity in vitro.

In order to further analyse the conformation and
orientation between compounds, and xanthine oxidase,
molecular docking was performed using MolegroVirtual
Docker software. First, to evaluate the binding patterns
of some substrates and inhibitors to the active site of the
enzyme, interactions in their crystal structures were
visualized with the Discovery Studio 2021 Client
program (Figure 2). Then, the co-crystalline ligands were
placed in the centers of the grids, and docking was
performed against the active region. As seen in Table 2,
the results of the others are similar, except for the crystal
structure to which the quercetin ligand is attached.
Docking results with the crystal structure SNVW with the
best resolution were selected for detailed interaction

analysis. Figure 3 shows the docking site, the
conformations of active site amino acids and ligands, and
the overlap of ligands. The tested compounds displayed
similar binding diagrams due to the parallel orientations
of the ligands. The docking score of compounds 1, 2, 3,
4, and 5 are -176.21, -173.23, -152.52, -168.54 and -
210.66 MolDock Score. When the in vitro and in silico
results are evaluated together, there is a difference
between the experimental results of compound 5 and the
in silico results. It may be normal for it to have a higher
MolDock Score because it has a higher molecular weight
and contains more functional groups. However, another
factor in evaluating the docking results is the Ligand
Efficiency value obtained by the ratio of the docking
score to the number of heavy atoms in the molecule.
When the results are evaluated according to this value, it
is seen that the in silico results generally support the in
vitro results.
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Figure 2. Dimensional view of the interaction diagrams of
reference ligands with xanthine oxidase.
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Figure 3 The cavity (active site) of xanthine oxidase, ligands with amino acid residues at the active site, and overlapping of

chalcones.

It is observed that compound 1 formed hydrogen bonding
with THR1010 amino acid. GLY799 formed a carbon-
hydrogen bond with the O of propenal on the chalcone.
On the other hand, the sulfur atom present in
Methionine1038 residue interacted with the A ring of
chalcone to form a Pi-Sulfur interaction. MET1038, ALA
1078, and ARG912 residues performed Alkyl
interactions with cyclic structures on the Pi-fur molecule
(Figure 4).

The oxygen of carboxylic acid moiety in the B ring of
ligand 2 could form three hydrogen bonds with the
backbone donor hydrogen bond of Thr1010, the side
chain donor hydrogen bond of Arg880 and the side chain
donor hydrogen bond of Thr1010. This compound
formed the hydrophobic interactions with ALA1079,
ALA1078, PHE914, ARG912 and METI1038 via
piperazine and benzene groups (Figure 5).

The compound 3 established interactions with residues
MET1038, ARG912, GLY799 PHE914, ARGSS80,
THR1010, ALA1079, ALA1078, and PHE914. The
carboxyl substituent of the B ring formed hydrogen
bonds with ARG880 and THR1010. Benzene groups of
compound Br-Far showed hydrophobic interactions with

ARG912, PHE914, ALA1079, and ALA1078. Also, a Pi-
Sulfur interaction between MET1038 and A ring was
observed. Brome moiety established an alkyl interaction
with MET1038.
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As seen in Figure, ARG880, THR1010 and GLU802
residues play a vital role in the binding of the substrate
and inhibitors to the active pocket of the XO enzyme. The
carboxyl group attached to the B benzene ring of the
molecules makes strong hydrogen bonds with ARG880
and THR1010 in the enzyme’s active site. Also,
modifications to other parts of the molecule did not
strongly affect the inhibitory potential of the molecule
towards the enzyme. The inhibition effect of
hydroxylated chalcones against the enzyme was tested
previously. The article reported that molecules without
the -OH group on the B ring did not affect the enzyme
activity. The -OH groups in various positions on the B
ring enhanced the inhibition effect of the molecules
against the enzyme.?” Similar results are seen in the
results of another study. Also, the addition of -OCH-
substituted groups on the B ring reduced or eliminated
the effect of the molecules on the enzyme activity.”**

The previously reported studies and the data obtained in
this study may be said to be one of the main fragments of
the B ring in the inhibition of the XO enzyme by
chalcone-type molecules. In addition, heterocyclic
structures participate in Pi-Pi Stached and Pi-Pi T-
Tshaped hydroboical interactions. PHE914 and
PHE1009 are the most important amino acid residues
contributing to such interactions. Similar to the substrate
and inhibitors, PHE1009, ALA1079, and PHE914 were
evaluated to be the vital residues in the molecular
interaction between chalcones and xanthine oxidase.
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4. CONCLUSIONS

Some chalcone evaluated their xanthine oxidase inhibitor
activity. Compounds 1 and 2 had the greatest effect with
7.21+0.07 and 7.54+0.09 uM IC50 values, respectively.

Conflict of interests

I declares that there is no a conflict of interest with any
person, institute, company, etc.

REFERENCES

1. Burmaoglu, S.; Ozcan, S.; Balcioglu, S.; Gencel, M.;
Noma, S. A. A.; Essiz, S.; Ates, B.; Algul, O. Bioorg.
Chem. 2019, 91, 103149.

2. Nerya, O.; Musa, R.; Khatib, S.; Tamir, S.; & Vaya, J.
Phytochemistry, 2004, 65(10), 1389- 1395.

3. Miranda, C. L.; Aponso, G. L. M.; Stevens, J. F.;
Deinzer, M. L.; Buhler, D. R. Cancer Lett. 2000, 149(1-
2), 21-29.

4. Chaves, O. A.; Barros, L. S.; Oliveira, M. C;
Sant’Anna, C. M. R.; Ferreira, A. B.; Silva, F. A,
Sobrinho, D.C.; Netto-Ferreira, J. C. J. Fluor. Chem.
2017, 199, 30-38.

5. Najafian, M.; Ebrahim-Habibi, A.; Hezareh, N.;
Yaghmaei, P.; Parivar, K.; Larijani, B. Mol. Biol. Rep.
2011, 38(3), 1617-1620.

6. Chimenti, F.; Fioravanti, R.; Bolasco, A.; Chimenti, P.;
Secci, D.; Rossi, F.; Yanez, M.; Orallo, F.; Ortuso, F.;
Alcaro, S. J. Med. Chem. 2009, 52(9), 2818-2824.

7. Aktar, B. S. K.; Orug-Emre, E. E.; Demirtas, 1.;
Yaghoglu, A. S.; Iyidogan, A. K.; Giiler, C.; Adem, S.
Turk. J. Chem. 2018, 42(2), 482-492.

8. Lee, S.H.; Seo, G.S.; Kim, H.S.; Woo, S.W.; Ko, G.;
Sohn, D.H. Biochem. Pharmacol. 2006, 72(10), 1322-
1333.

9. Kursun-Aktar, B. S.; Sicak, Y.; Tok Taskin, T.; Orug-
Emre, E. E.; Sahin-Yagloglu, A.; Karakiiciik-Tyidogan,
A.; Oztiirk, M.; Demirtas, 1. J. Mol. Struct. 2020, 1211,
128059.

10. Mphahlele, M. J.; Zamisa, S. J.; & El-Gogary, T. M.
J. Mol. Struct. 2021, 1245, 131090.

175

11. Ardan, T.; Kovacleva, J; Cejkové, J. Acta
histochemica, 2004,106(1), 69-75.

12. Aktar, B.S.K.; Sicak, Y.; Oru¢-Emre, E.E. Int. J.
Chem. Technol. 2022,6(1), 7-14.
13. Tao, X. X.; Duan, Y. T.; Chen, L. W.; Tang, D. J.;
Yang, M. R.; Wang, P. F.; Xu, C.; Zhu, H. L. Bioorg.
Med. Chem Lett. 2016, 677-683.

14. Wang, Y.; Zhang, S.; Zhang, Y.; Yao, F.; Zhao, G.;
Wang, J.; Liu, L.; Yang, Y.; Li, X.; Sun, Y.; Hu, Y.; Bai,
Z.; Wang, P.; Li, R.; Xu, X. ACS Food Sci. Technol.
2021, 1: 2182-91.

15. Thomsen, R.; Christensen, M. H. J. Med. Chem.
2006, 49(11), 3315-3321.

16. Cao, H.; Hall, J.; Hille, R. Biochemistry. 2014, 53(3),
533-541.

17. Cao, H.; Pauff, J. M.; Hille, R. J. Biol. Chem. 2010,
285(36), 28044-28053.

18. Cao, H.; Pauff, J. M.; Hille, R. J. Nat. Prod. 2014,
77(7), 1693-1699.

19. Borges, F.; Fernandes, E.; Roleira, F. Curr. Med.
Chem. 2002, 9(2), 195-217.

20. Pacher, P.A L.; Nivorozhkin, A.;
Pharmacol. Rev. 2006, 58(1), 87-114.

Szabo, C.

21. Kaur, G.; Singh, A.; Arora, G.; Monga, A.; Jassal, A.
K.; Uppal, J.; Bendi, P. M. S.; Bora, K. S. Chem. Biol.
Drug Des. 2022, 100(3), 443-468.

22. Hofmann, E.; Webster, J.; Do, T.; Kline, R.; Snider,
L., Hauser, Q.; Higginbottom, G.; Campbell, A.; Ma, L.;
Paula, S. Bioorg. Med. Chem. 2016, 24(4), 578-587.

23. Bui, T. H.; Nguyen, N. T.; Dang, P. H.; Nguyen, H.
X.; Nguyen, M. T. T. SpringerPlus. 2016, 5(1), 1-8.

24. Niu, Y.; Zhu, H.; Liu, J.; Fan, H.; Sun, L.; Lu, W_;
Liu, X.; Li, L. Chem.-Biol. Interact. 2011, 189(3), 161-
166.

25. Choi, W.; Villegas, V.; Istre, H.; Heppler, B.;
Gonzalez, N.; Brusman, N.; Snider, L.; Hogle, E.;
Tucker, J.; Oiiate, A.; Oiiate, S.; Ma, Li.; Paula, S. 2019,
Bioorg.Chem. 86, 686-695.



	Galley Proof.pdf
	2. METHOD OF COMPUTATION
	3. RESULTS AND DISCUSSION

	Galley Proof.pdf
	2.3.Synthesis of [(E)-4-((phenanthren-9-ylmethylene)amino)phenol] (PSB)
	2.4.1. Absorption spectral measurements
	2.4.2. Competitive binding studies
	2.4.3. Viscosity measurements

	3.1.Crystal structure of the phenanthrene-Schiff base compound (PBS)




