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Possible inhibitory effects of hoslundal, hoslundin and hoslunddiol on human
lactate dehydrogenases: a bioinformatics proof
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Abstract: The development of anti-malarial drugs is of great importance due to the detrimental effects of this disease all around
the world. In recent years, bioinformatics tools provide considerable contributions to develop new small molecules which have
important bioactivities against many bio-targets. However, missing points in the methodologies or aims of the studies in which in
silico tools are used may reveal problematic cases. Hoslundal, hoslundin, and hoslunddiol were proposed by Shadrack et al. (2016)
to inhibit Plasmodium falciparum lactate dehydrogenase (Pf-LDH) to fight malaria. But these molecules may have potential to
inhibit mammalian LDHs. To investigate whether these molecules have inhibitions on mammalian LDHs or not, we studied a
comprehensive and comparative molecular docking studies as described in the present paper. According to the results, the vina
scores of hoslundal without NADH for Pf-LDH, Human Muscle-LDH (HM-LDH), Human Heart-LDH (HH-LDH) were found as
-7.5,-7.6 and -8.2 kJ/mol, respectively. Moreover, multiple sequence alignment analysis reveals high similarities among sequences.
In the light of molecular studies, hoslundal was found to be connected to Pf-LDH, HM-LDH, HH-LDH (31, 26, 34), (2, -7, 154),
(11, 41, 54), respectively. In conclusion, novel small molecules which are developed via in silico tools could show excellent
activities against bio-targets of the pathogenic microorganisms. However, it should not be forgotten that active site of the enzymes
may have been conserved, therefore, after a possible proposal of small molecule, its molecular docking and also Swiss-ADME
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studies for human should be necessarily carried out.

Keywords: anti-malarial drugs, docking, human lactate dehydrogenase, Plasmodium falciparum, malaria.

1. Introduction

In anaerobic conditions, the energy as ATP is obtained
through the glycolysis pathway in which glucose is
converted into pyruvate via ten steps reaction series and this
process produces net two moles of ATP. Lactate
dehydrogenase (LDH) is a tetrameric enzyme that plays a
special role for the continuation of the glycolysis process
(lacovino et al., 2022). It produces nicotinamide adenine
dinucleotide (NAD*) to continue glycolysis, and LDH is
classified as the eleventh reaction of glycolysis. LDH
produces lactate from pyruvate to provide energy in
anaerobic conditions. The result of this process, NAD" is
produced for use in the sixth reaction of glycolysis in which
glyceraldehyde-3-phosphate is transformed into 1,3-
bisphosphoglycerate. For mammalians, there are two
different types of LDH which can be defined as M and H
types. Known isoenzymes of LDH based on their subunits
are reported as Ma, M3H, MoH,, MH3 and H. tetrameric
structures. H- and M-types are heart and muscle subunits,
respectively. M-type is also found in liver (Voet and Voet,
1995). Shadrack et al. (2016) highlighted the danger of the
pathogenic microorganism Plasmodium falciparum which

© EJBCS. All rights reserved.

is the main vector for malaria. It is still a big problem in
many countries. According to WHO, estimated cases in
2020 are given 241 million with 627,000 deaths. Most of
the cases are reported from Africa (WHO, 2022). Shadrack
et al. (2016) proposed hoslundal, hoslundin, and
hoslunddiol, the compounds known as secondary
metabolites of the plant Hoslundia opposita, to inhibit LDH
in P. falciparum (Pf-LDH) for eradication of the disease.
Hoslundal, hoslundin, and hoslunddiol (Figure 1) are
docked with Pf-LDH as a receptor. Since LDH is a
haloenzyme, the docking was realized with and without
NADH by Shadrack et al. (2016) to estimate the best
binding energies, H-bond forming residues and bond
lengths. However, there is no information in the paper of
Shadrack et al. (2016) related to environmental application
of these molecules. One of the application methods of these
molecules could be spraying via compressors. If this
method is applied, these molecules will be widely spread
and they may contaminate water resources. Therefore, there
is a very big risk that all animals in the region may
negatively be affected by these molecules due to LDH
inhibition.
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In this investigation, the following research questions will
be answered:

1) What are the similarities among Pf-LDH, HM-LDH and
HH-LDH?

2) What are the docking scores of these compounds against
these human LDH forms?

3) If these molecules contaminate water resources, how the
animals (mammalians) could be affected?

Figure 1. Chemical structures of (a) hoslundal, (b) hoslundin and
(c) hoslunddiol

2. Materials and Method

The FASTA sequences of enzymes of Plasmodium
falciparum lactate dehydrogenase (Pf-LDH), Human
Muscle L-Lactate Dehydrogenase M Chain (HM-LDH) and
Human Heart L-Lactate Dehydrogenase H Chain (HH-
LDH) were retrieved via uniprot.org and the active site
information was also accessed (Uniprot, 2021). Each of
their FASTA formats was selected for multiple sequence
analysis. The aim of this comparison is to determine
similarities and conserved regions of the enzymes studied.
Multiple sequence alignments of the FASTA sequences
were carried out by Clustal Omega (Sievers et al., 2018).
The default settings were used in the analysis. This database
is widely used in many bioinformatics studies, such as
determining genetic or evolutionary relationships, detecting
structural  similarities, and performing evolutionary
analyses. Ligands structures of the compounds were
retrieved from PubChem and their sdf formats were
downloaded (Kim et al., 2021). Swiss-Similarity is the in
silico tool that is used for determination of similarity
between small molecules according to their chemical
structures (Bragina et al., 2022). Cannonical structure of
hoslundal, hoslundin and hoslunddiol were obtained from
PubChem (Kim et al., 2021). Molecular docking analysis
was used to estimate the vina scores to compare the affinity
and also determination of the contact residues of the
enzymes by using CB-Dock (Liu et al., 2020). Vina scores
were compared with and without NADH. CB-Dock and
CB-Dock2 are molecular docking tools used in the field of
structural bioinformatics. CB-Dock uses a number of
computational algorithms to identify chemical bonds and
perform energy minimization (Liu et al., 2020). YASARA
was used to model the visualization of each enzyme and
ligand. YASARA provides an advanced set of tools for
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analyzing the structure and interactions of proteins, nucleic
acids, and other biomolecules. This tool is widely used in
many research fields such as molecular modeling, protein
design, drug discovery, molecular dynamics simulations,
and molecular interaction analysis (Land and Humble,
2018). Protparam is a bioinformatics tool used for protein
sequence analysis. This program is used to predict the basic
physical and chemical properties of a protein. It calculates a
number of important parameters such as the amino acid
composition of the protein, its isoelectric point, molecular
weight, theoretical pl value, hydrophobicity and hydrophilia
scores, alpha helix and beta sheet formation potential
(Gasteiger, 2005). Physicochemical properties such as
molar reactivity, rotatable bonds, and the pharmacokinetics
of the molecules were estimated. Factors such as
cytochromes P450 (CYP), Log Kp (skin permeation), Gl
absorption, and BBB permeation were evaluated. The
BOILED EGG model was utilized to represent blood-brain
barrier permeation (BBB permeation), and gastrointestinal
absorption (Gl absorption) was determined using the Swiss-
ADME approach (Daina et al., 2017). Flowchart of the
methodology was shown in Figure 2.

Uniprot.org
FASTA Formats and Active
Sites of the Enzymes

!

Clustal Omega
Multiple Sequence Analysis

!

PubChem
Structures of the Molecules

!

CB-Dock
Cavity and Auto Blind Dock of
Enzymes and Ligands

!

YASARA
Modeling of the Enzymes

!

ProtParam Tool
Physical and Chemical
Characteristics of the Enzymes

|

Swiss ADME
Parameters, Pharmacokinetic
Properties, Druglike Nature and
Medicinal Chemistry

Figure 2. Flowchart of the methodology
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3. Results

In this paper, HM-LDH, HM-LDH and Pf-LDH were
compared by using bioinformatics tools. Clustal Omega was
used to determine the similarities between Pf-LDH, HM-
LDH and HH-LDH (Sievers and Higgins, 2018). According
to Figure 3, amino acid lengths of Pf-LDH (Uniprot code:
A0A024W2N3), HM-LDH (UniProt ID: P00338) and HH-
LDH (UniProt ID: P07195) were found as 316, 332 and 334,
respectively. As it can be seen from Figure 3, there is a high
similarity between HM-LDH and HH-LDH. However, the

tr| AGAD24L2N3 | ABAO24LW2N3_PLAFA

Eurasian J Bio Chem Sci, 6(2):52-62, 2023

similarity score was low when Pf-LDH was compared with
human LDHs.

Swiss-Similarity was used to compare the similarity of
hoslundal, holsundin, and hoslunddiol with other small
molecules (Bragina et al., 2022). According to Table 1, the
three most similar molecules for each hoslundal, hoslundin,
and hoslinddiol are identified. Hoslundal shows high
similarity with hipidulin (DB14008) with a score of 0.950.
The similarity score of hoslundin is very low compared to
hetrombogap. Finally, the similarity score of hoslunddiol is
determined as 0.832 against puerarin.

WPXAKIVLVGSGMIGGVMATLIVQKNLGD-VVLFDIVKNYPH

sp|PO@338 | LDHA_HUMAN
sp|PO7195 | LOHB_HUMAN

tr| AGAG24L2N3 | ABAG24L2N3_PLAFA
sp|PO8338| LDHA_HUMAN
sp|P@7195| LDHB_HUMAN

tr|AGAG24W2N3 | ADAG24W2N3_PLAFA
sp|PO@338| LDHA_HUMAN
sp|PO7195 | LDHB_HUMAN

tr| ADAG24L2N3 | ABAG24L2N3_PLAFA
sp|POO338| LDHA_HUMAN
sp|PO7195 | LDHB_HUMAN

tr| ADAG24L2N3 | ABABG24W2N3_PLAFA
sp|P@@338 | LDHA_HUMAN
sp|P97195 | LDHB_HUMAN

tr|AGAG24W2N3 | ABAG24W2N3_PLAFA
sp|P9@338 | LDHA_HUMAN
sp|PO7195 | LOHB_HUMAN

ATLEKDQLIYNLLKE-EQTPQNX 'T"\,G' ’CLJG‘V-C.'«'SIL"

MATLKEKLIAPVAEEEATVPNNK \.C‘ CQ ul»(»« SIL b.—DELnL\.z LEDKL*

DLADELALVDVIEDKL* 5

GKALDTSHTNVMAYSNCKVSGSNTYDDLAGADVVIVTAGF TKAPGXSDXEWNRDDLLPLN 102
GE MOLQHGSLFLRT-PKIVSGKDYNVTANSKLY --TAG'FQQ‘GES'LH --LVQRN 113
GEM 114

C Q"GSLFLQ' P IVAD# 3\5\ -f-br W Y»-’a‘lQQEGES LN- LVQRN

GGHIKKNCPNAF IIVWTNPVOV '*."QL;HQHSG»PH.DIZGLGG‘-.'_DTSR..‘-\‘
IPNVVKYSPNCK LLIVSNPVDIL 'vn.--v'p. NRVIGSGCNLDSARFRYL
Q Vv w:PD\II VVSNP »01 TYVTIKL mur.'osbc :><;r'nn

ISQKLNVCPROVNAHIVGAHGNXMVLLKRYITVGGIPLQEFINNKLIS - -DAELEAIFDR
MGERLGVHPLSCHGWVLGEHGDSSVPVIWSGMNVAGVSLKTLHPDLGTDKDXK EQWKEVHKQ
MAEKLGIHPSSCHGWILGEHGDSSVAVWSGVNVAGYSLQELNPEMGTONDS ENWKEVHIN

‘P-»—_--‘PLH-<°1\ PAAATTEMAESYLKDLXKVLICSTLLEGQYGHS-DIFGGTPY
VWESAYEVIKL® WAIGLSVADLAESIMKNLRRVHPVSTMIKGLYGIXDOVFLSVPC

VWESAYEVIKLEGYTN -IGLS‘."ADLIES ILKNLSRIHPVSTMVKGMYGIENEVFLSLPC
VLGANGVEQVIELQLNSEEXAKFDEATAET LRMKALA 314
ILGONGISDLVKVTLTSEEEARLKXSADTLWGIQXELQF
._P- G IS"H'\# DO. ~QL KSADTLWDI Q DLKOL

Figure 3. Multiple sequence analysis of Plasmodlum faIC|parum lactate dehydrogenase (Uanrot ID: AOA024W2N3), Human Muscle L-

Lactate Dehydrogenase M Chain (UniProt ID: P00338), and Human Heart L-Lactate Dehydrogenase H Chain (UniProt ID: P07195).

Table 1. Swiss-Similarity results of hoslundal, hoslundin and hoslunddiol.

Score
0.950
0.947
0.925
0.048
0.023

0.020

0.832
0.672
0.647

Molecule

Hoslundal

Hoslundin

Hoslunddiol

Similar Molecule PubChem ID
Hispidulin DB14008
Baicalein DB16101
5,7,2’-trihydoxy-6,8-dimethoxyflavone DB13983
Hetrombopag DB16184
Xanthohumol DB15359
Methyl n-[[2’,4’-d|f|uoro-4-hydr0xy?5-|odob|phenyl-3- DB07962

yl)carbonyl]-beta-alaninate

Puerarin DB12290
Hispidulin DB14008
5,7,2’-trihydroxy-6,8-dimethoxyflavone DB13983
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By using CB-Dock, cavity detection was studied for each
enzyme by using hoslundal (Compound CID: 15726097)
(Liu et al., 2020). In Figure 4, view of the cavities of each
enzyme is shown.

Figure 4. View of the cavities from (a) Plasmodium falciparum
Lactate Dehydrogenase (UniProt ID: AOA024W2N3), (b) Human
Muscle L-Lactate Dehydrogenase M Chain (UniProt ID: P0O0338),
(c) Human Heart L-Lactate Dehydrogenase H Chain (UniProt ID:
P07195).

According to Table 2, for each three enzymes, there were
five cavities. The highest cavity volume (A%) was found for
HM-LDH in C1 as 2532 A%and its cavity size coordinates
were found as 23, 23, 14. Also, the highest volume values
were found at C1 for HH-LDH and Pf-LDH as 2003 A%and
809 A3, respectively.

The cavities were chosen according to their active sites in
Table 3. For this docking, all heteroatoms were removed.
Amino acids and their positions were found from

Eurasian J Bio Chem Sci, 6(2):52-62, 2023

uniprot.org (Uniprot, 2021). According to Voet and Voet
(1995), Michael Rossman has determined the X-Ray
structure of the LDH and NADH complex. As a result of his
study, ARG109, ARG171, and HIS195 were determined as
active sites of the human LDH. The contact residues were
compared and both HM-LDH and HH-LDH had these
amino acids at C1. The contact residues of HM-LDH are
ARG98, ARG168 and HIS192. HH-LDH contact residues
are also found as ARG106, ARG169, and HIS193. When
the Table 3 is examined, it is clear that hoslundal is not
around the active sites of Pf-LDH. HH-LDH has the highest
vina score as -8.2 kJ/mol.

The auto blind docking results of Pf-LDH, HM-LDH and
HH-LDH with coenzyme NADH are shown in Table 4. The
ligand was selected as hoslundal. When the contact residues
of HH-LDH and HM-LDH are examined, it is clear that the
ligand is around the active sites of the enzymes. The contact
residues of HM-LDH were found as GLY28, ALAZ29,
VAL30, THR94, ALA95, GLY96, ALA97, ARG98,
GLN99, VAL135, SER136, ASN137, LEU164, ARG168,
HIS192, ILE241, TYR246, THR247, ILE251. The contact
residues in HH-LDH were found to be GLY?29, GLN30,
VAL31, THR95, GLY97, ARG99, GLN100, ARG106,
VAL136, ASN138, SER161, LEU165, ARG169, HIS193,
ALA238, ILE242, GLY?246, TYR247, THR248, ILE252.
Pf-LDH contact residues were found as VAL26, GLY27,
GLY29, MET30, ILE31, GLY32, PHE52, ASP53, ILE54,
VAL55, TYR85, THR97, ALA98, GLY99, THR101,
ILE119, ILE123. The highest cavity volume was found as
2532 A% on HM-LDH and the highest vina score was found
as -8.2 kJ/mol for HH-LDH.

Table 2. Cavity detection results in the Human Muscle L-Lactate Dehydrogenase M Chain (HM-LDH), Human Heart L-Lactate
Dehydrogenase H Chain (HH-LDH) and Plasmodium falciparum Lactate Dehydrogenase (Pf-LDH) with coenzyme as NADH and ligand

as hoslundal by using CB-Dock.

S CurPocket Cavity Volume Center Cavity Size
e 1D &) *y.2) _ (LY.2)
C1 2532 2,-7,154 23,23 14
cz2 711 11,-36, 141 16, 10, 17
HM-LDH C3 303 13,-17, 137 10, 10, 13
C4 145 17,-2. 151 5,12.6
C5 131 -8.-20, 136 5.9.6
C1 2003 11,41, 57 22,1811
c2 861 10,4334 21,15, 8
HH-LLDH C3 319 24,1451 12,11, 13
C4 202 0, 27, 56 9. 10,12
Cs 259 37,20, 48 7.14, 14
C1 809 31,26, 34 15,13 22
c2 738 24, 7. 44 13,14, 13
PfLDH C3 381 8,17 43 9 13,10
C4 159 28,34, 44 7.9.6
C5 134 16, 28. 41 8. 8,10
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Table 3. The molecular docking results of hoslundal for Human Muscle L-Lactate Dehydrogenase M Chain (HM-LDH), Human Heart L-
Lactate Dehydrogenase H Chain (HH-LDH) and Plasmodium falciparum Lactate Dehydrogenase (Pf-LDH) without NADH.

CurPocket Vinascore Cavity volume Center Docking size Contact residues

1)) (kJ/mol) (43 (X. ¥, 2) (x,¥.2)

Chain A: GLY28. ALA29, VAL30, THR94,
ATADS, GLY96, ALA9T. ARGI8, GLN99,
VAL135, SER136, ASN137, LEU164, ARG168,
HI5192, ILE241, TYR246, THR247, ILE251
Chain A: GLY29, GLN30, VAL31, THR9S,
GLY97. ARG99, GLN100. ARG106, VAL138,
HH-LDH C1 52 2003 11,41, 54 27,2121 ASN138, SER161, LEU165, ARG169, HIS193,
ALA238 ILE242, GLY246, TYR247, THR248,
ILE252
Chain A: VAL26, GLY27. GLY29, MET30.
ILE31, GLY32, PHES2, ASP33. ILE54, VALSS,
TYR8BS, THROT7, ALAO8, GLYO9, THR101,
ILE119, ILE123

HM-LDH C1 -1.6 2532 2,-7.154 28,2821

PfLDH C1 -1.5 809 31,2634 21,21,17

Table 4. The molecular docking results of hoslundal for Human Muscle L-Lactate Dehydrogenase M Chain (HM-LDH), Human Heart L-
Lactate Dehydrogenase H Chain (HH-LDH) and Plasmodium falciparum Lactate Dehydrogenase (Pf-LDH) with NADH.

CurPocket Vinascore Cavity volume Center Docking size

m (k¥/mol) (A3 (L ¥.2) (%.¥.7) Contact residues

Enzymes

Chain A: GLY2E8, ATLA29,
VAL30, THRO4, ATA95, GLY96,
ATLAQT, ARGO8, GLN99,
HM-LDH C1 -1.6 2532 2,-7,154 28.28.11 WVAL135, SER136, ASN137,
LEU164, ARG168, HIS192,
ILE241, TYR246, THR247,
ILE251
Chain A: GLY29, GLN30,
VAL31, THR95, GLY97, ARG99,
GLNI100, ARG106. VAL136,
HH-LDH Cl1 -8.2 2003 11, 41, 57 27,21, 21 ASNI13E, SER161, LEU165,
ARG169, HIS193, ATAZ3R,
ILE242, GLY246, TYR247,
THR248, [LE252
Chain A: VAT26, GLY27,
GLY29, MET30, ILE31, GLY32,
PrLDH C1 -1.5 809 31,26, 34 21,21.27 PHES32, ASP33, ILE54, VALSS,
TYR85, THRO7, ALAQS. GLY99,
THR101, ILE119, ILE123

In Table 5, hoslundin was selected as the ligand and it was found as 2532 on HM-LDH and the highest vina score was
docked with each enzyme (without NADH). All found as 9.2 kJ/mol on HH-LDH.

heteroatoms were released for docking. CurPocket ID of .
- In Table 6, hoslundin was docked to HM-LDH, HH-LDH
each enzyme was selected as C1. HM-LDH contact residues and P-LDH with coenzyme NADH. Contact residues of

XESYSSEOU“E » S%LY%F;@LZLL%;%&'\-(QSQ' Xﬁkgg’ HM-LDH were found as GLY26, VAL27, GLY28, ALA29,
, ) , ) ) - VAL30, ASP51, LYS56, THR94, ALA95, GLY96,

ARG98, GLN99, ARG105, LEU108, ASN112, VAL135, ALAG7. ARG9S. GLN99, ARG105, LEU108, ASN112,

SER136, ASN137, LEU164, ARG168, HIS192, ALA237.
ILE241, TYR246, THR247, SER248, ILE251. Active sites Y/ \L135, SER136, ASN137, L EU164, ARG168, HIS192,
: ' ' : ' ALA237. ILE241, TYR246, THR247, ILE251. Contact

were found to be ARG105, ARG168 and HIS192. HH-LDH .
. ' residues of HH-LDH were found to be GLY27, VAL28,
contact residues such as GLY27, VAL28, GLY?29, GLN30, GLY29, GLN30, VAL31 ASP52. LEUS4, THRO5

VALSL, ASP52, LEUS4, THR9S, ALA%, GLY97, 4 "rge’ G yo7 VAL9S, ARG99, GLN10O, ARG106.

' ' ' ' ' ' HIS193, ALA238, ILE242, TYR247, THR248, ILE252. Pf-

ILE242, TYR247, THR248, ILE252. Active sites were LDH contact residues were VAL26, GLY27. SER2S,

determined to be ARG106 and HIS193. Pf-LDH contact GLY29, MET30, ILE31, GLY32, PHE52, ASP53, ILE54.

residues found as VAL26, GLY27, SER28, GLY29,
MET30, ILE31, GLY32, PHE52, ASP53, ILE54, VALS5, ~ YALSS, TYR85, THR97, ALA9S, GLY99, PHEILO0,
! ' : ' : ! ' THR101, LYS102, ILE119, ILE123. Active sites were

TYR85, THR97, ALA98, GLY99, PHE100, THR101, found to be same as without NADH
LYS102, ILE119, ILE123. The highest cavity volume was '
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Table 5. The molecular docking results of hoslundin for Human Muscle L-Lactate Dehydrogenase M Chain (HM-LDH), Human Heart L-
Lactate Dehydrogenase H Chain (HH-LDH) and Plasmodium falciparum Lactate Dehydrogenase (Pf-LDH) without coenzyme NADH.
CurPocket Vinascore Cavity volume  Center Docking size Contact residues

1D (lJ/mol) (4% (x,y,7) (x.y,7)
Chain A: GLY26, VAL27, GLY28, ALA29,
WVAL30, ASP51. LYS56, THRO4, ALAOS,
GLY %6, ALAYY, ARGO8, GLN99, ARG105,
LEU108, ASN112, VAL135, SER136, ASN137,
LEU164. ARG168, HIS192, ALA237, ILE241,
TYR246, THR247, SER248, ILE251
Chain A: GLY27, VAL2E, GLY29, GLN30,
VAL31, ASP52, LEUS4, THRO5, ALADS,
GLY97, VALOE, ARGP9, GLN100, ARG106,
LEU109, ASN113, VAL136. SER137, ASN138,
LEU165, HIS193, AT A238 TLE242, TYR247,
THR248, ILE252
Chain A: VAL26, GLY27, SER28, GLY20,
MET30, ILE31, GLY32, PHE52, ASP33, ILE54,
PFLDH C1 -8.8 209 31,26, 34 24.24. 24 VAL35, TYRE5, THRE97, ALA9E, GLY?29,
PHE100, THR101, LY5102, ILE119, ILE123

Enzymes

HM-LDH C1 2.0 2532 2,-7,154 24,24, 24

HH-LDH Cl 92 2003 11, 41, 57 24,24, 24

Table 6. The molecular docking results of hoslundin for Human Muscle L-Lactate Dehydrogenase M Chain (HM-LDH), Human Heart L-
Lactate Dehydrogenase H Chain (HH-LDH) and Plasmodium falciparum Lactate Dehydrogenase (Pf-LDH) with coenzyme NADH.

Enzymes CurPocket ID Vina score Cavity volume  Center Docking size Contact residues

(kJ/mol) (A%) 7.2 ¥, 2)

Chain A: GLY26, VAL27, GLY28, ATLA29,
VAL30, ASP51, LYS56, THR94, AT.A95,
GLY96, ALAOT ARGOR, GLNO9, ARGI103,
LEU108, ASN112, VATL135, SER136,
ASNI137, LEU164, ARG168, HI5192, AT.A237,
ILE341, TYR246, THR247, ILE251
Chain A: GLY27, VAL2E, GLY29, GLN30,
WAL31, ASP521, LEUS4, THR95, ALADG,
GLY97, VALOS, ARGY9, GLN100, ARG106,
LEU109, ASN113, VAL138, SER137,
AENI138, LEUL65, HIS193, ALA238, ILE242,
TYR247, THR248, ILE252
Chain A: VAT.26, GLY27, SER28, GLY29,
MET30, ILE31, GLY32, PHES2, ASP33,
ILES4, VALSS, TYR85. THROT, ALAOE,
GLY99, PHE100, THR101, LYS102, ILE119,
ILE123

HM-LDH C1 -89 2532 2.-T. 154 24,24 24

HH-LDH C1 02 2003 11, 41,57 24,24 24

PFLDH C1 -8.8 809 31,26, 34 24,24 24

Table 7. The docking results of hoslunddiol for Human L-Lactate Dehydrogenase M Chain (HM-LDH), Human Heart L-Lactate
Dehydrogenase H Chain (HH-LDH) and Plasmodium falciparum Lactate Dehydrogenase (Pf-LDH) without NADH.

Vina score Cavity volume  Center Doclding size

Enzyme  CurPocket ID Contact residues

(kJ/mol) (A% (x.7.2) (x.¥.2)

Chain A: GLY26, VAL27, GLY28, ALA20 VAT 30,
ASP31, VALS2, THRO4, ALAOS, GLY96, ALAOT,
HM-LDH C1 -89 2532 2,-1.154 23,23.23 ARGY98, GLN99, ARG105, LEU108, VAL135,
SER136, ASN137, ARG168, HIS102, AL A237,
ILE241, TYR246, THR247, ILE251
Chain A: GLY27, VAL28, GLY29, GLN30, VAL3I1,
ASP52, VALS3, LEUS4, THRO5, ALA9S, GLY97,
VALDS, ARG99, GLN100, LEU109, VAL136,
SER137, ASN138, LEU165, ARG169, HIS193,
ATA238 TLE242, TYR247, THR248, ASN240,
[LE252
Chain A: VAL26, GLY27, SER28. GLY29, MET30,
ILE31, GLY32, PHES2, ASP33, [LES4, VALSS,
PfLDH C1 -82 809 31.26,34 23,23.13 TYRS85. THRO7. ALAO8. GLY99, THR101, LYS102,
ILE119, ILE123

HH-LDH C1 -0.0 2003 11, 41, 57 23,23.23
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In Table 7, hoslunddiol was selected as ligand and Pf-LDH,
HM-LDH and HH-LDH were selected as LDHs without
heteroatoms and NADH. The contact residues of HM-LDH
were found as GLY26, VAL27, GLY28, ALA29, VAL30,
ASP51, VAL52, THR94, ALA95, GLY96, ALA97,
ARG98, GLN99, ARG105, LEU108, VAL135, SER136,
ASN137, ARG168, HIS192, ALA237, ILE241, TYR246,
THR247, ILE251. Active sites were found ARG105,
ARG168 and HIS192. HH-LDH contact residues were
found as GLY27, VAL28, GLY29, GLN30, VAL31,
ASP52, VALS53, LEU54, THR95, ALA96, GLY97,
VAL98, ARG99, GLN100, LEU109, VAL136, SER137,
ASN138, LEU165, ARG169, HIS193, ALA238, ILE242,
TYR247, THR248, ASN249, ILE252. Active sites were
found as ARG169 and HIS193. Pf-LDH contact residues
were found as VAL26, GLY?27, SER28, GLY29, MET30,
ILE31, GLY32, PHE52, ASP53, ILE54, VALS55, TYRS5,
THR97, ALA98, GLY99, THR101, LYS102, ILE119,
ILE123. The highest cavity volume was found to be 2532
on HM-LDH and the highest vina score was found to be -
9.0 kd/mol.

In Table 8, hoslunddiol was selected as ligand and the
enzymes were selected with coenzyme NADH. HM-LDH
contact residues were found to be GLY26, VAL27, GLY?28,
ALA29, VAL30, ASP51, VAL52, THR94, ALA95,
GLY96, ALA97, ARG98, GLN99, ARG105, LEU108,
VAL135, SER136, ASN137, HIS192, ALA237, ILE241,
TYR246, THR247, ILE251. Active sites of the enzyme
were found as ARG105 and HIS192. HH-LDH contact
residues were found as GLY?27, VAL28, GLY?29, GLN30,
VAL31, ASP52, VAL53, LEU54, THR95, ALA96,
GLY97, VAL98, ARG99, GLN100, LEU109, VAL136,
SER137, ASN138, ARG169, ALA238, ILE242, TYR247,
THR248, ASN249, ILE252 and the active site was found to
be ARG169. Pf-LDH contact residues were found to be
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VAL26, GLY27, SER28, GLY?29, MET30, ILE31, GLY32,
PHE52, ASP53, ILE54, VALS55, TYR85, THR97, ALA9S,
GLY99, THR101, LYS102, ILE119, ILE123. The highest
cavity volume was found as 2532.

In Figure 5, active sites of the HM-LDH, HH-LDH and Pf-
LDH without NADH were modeled by YASARA and
active sites of the HM-LDH, HH-LDH and Pf-LDH were
shown. When hoslundal, hoslundin and hoslunddiol are
docked to these enzymes, they interact with the active sites.
They have methoxy, carbonyl and hydroxyl groups in their
structures and these molecules form hydrogen bonds with
enzymes. ARG is one of the positively charged R-group
amino acids and it is a non-essential amino acid. Also, HIS
is a member of the same amino acid group, and it also has
an imidazolium ring on its functional group. When
hoslundal, hoslindin, and hoslinddiol dock with the enzyme,
they are interact with these amino acids and the binding
energy must be high.

According to Table 9, most abundance amino acids were
found as valine, leucine, alanine, and isoleucine to be 10.1,
9.8 and 8.5% for Pf-LDH. Leucine, valine, and lysine were
the most abundance amino acids to be 11.4, 10.2 and 8.4%
for the HM-LDH and valine, leucine, lysine, and serine to
be 11.4, 10.8, and 7.8% for HH-LDH, respectively.
Theoretical pl values were found nearly between HM-LDH
and Pf-LDH to be 8.44 and 7.12. Net charges were found
for HM-LDH, HH-LDH, and Pf-LDH to be 3, -6, and 0,
respectively. The highest instability index was found as
29.73 for Pf-LDH and the other values were close (Table
10). Swiss-ADME properties such as molar reactivity,
pharmacokinetics, rotatable bonds of hoslundal, hoslundin
and hoslunddiol were investigated (Table 11).

Table 8. The molecular docking results of hoslunddiol Human Muscle L-Lactate Dehydrogenase M Chain (HM-LDH), Human Heart L-
Lactate Dehydrogenase H Chain (HH-LDH) and Plasmodium falciparum Lactate Dehydrogenase (Pf-LDH) with coenzyme as NADH.

CurPocket ID Vina score  Cavity volume

Enzyme

Center

e Contact residues

{kJ/mol) (A%

HM-LDH C1 -89 2532

HH-LDH C1 20 2003

Pf-LDH Cl1 -£2 809

(xy.2)

2,-7,154

11, 41, 57

31,26, 34

xy.2)

Chain A: GLY26, VAL27. GLY28,
ALA29, VAL30, ASP51, VAL5Z,
THR94, ALA95, GLY96, ALAOT,

ARGOS, GLNOO, ARG105, LEU108,

VAL135, SER136, ASN137, HIS102,

ALA237 ILE241, TYR246, THR247,
ILE251

Chain A: GLY27, VAL28, GLY?29.
GLN30, VAL31, ASP52, VALS3,
LEUS54, THR95, ALA96, GLY97,

VALSS, ARGSS, GLN100, LEU109,

VAL136, SER137. ASN138. ARG169,
ALA238, ILE242, TYR247, THR248,
ASN249, [LE252
Chain A: VAL26, GLY27, SER28.
GLY29, MET30. ILE31, GLY32. PHES2,
ASP53,

ILE54. VAL55, TYR8S, THRO7. ALA9S,

GLY99 THR101, LYS102, ILE119,

ILE123

23,23.23

23,23.23

23,2323
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Figure 5. YASARA visualisation of HM-LDH, HH-LDH and Pf-
LDH without NADH, with active site amino acids (a) ARG98, (b)
ARG168, and (c) HIS192, (d) ARG106, (e) ARG171, (f) HIS193,
(9) ARG109, (h) ARG171 and (i) HIS195 colored in pink.
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Table 9. Number, percentages and abbreviations of the amino
acids in Pf-LDH, HM-LDH, HH-LDH

. e | PALDH HM-LDH HHLDH
Amino acids % m % m %
Ala (A) 27 8.5 18 54 | 21 6.3
Arg (R) 6 1.9 L1 3.3 8 2.4
Asn (N) 21 6.6 15 4.5 17 5.1
Asp (D) 17 5.4 18 5.4 19 5.7
Cys (C) 4 1.3 5 1.5 5 1.5
Gln (Q) 8 2.5 12 3.6 11 3.3
Glu (E) 15 4.7 18 54 | 21 6.3
Gly (G) 26 8.2 26 7.8 | 23 6.9
His (H) 9 2.8 7 2.1 7 2.1
Ile (I) 27 8.5 23 6.9 | 24 7.8
Leu (L) 31 9.8 38 | 11.4 | 36 | 10.8
Lys (K) 26 8.2 28 84 | 26 7.8
Met (M) 10 3.2 9 2.7 10 3.0
Phe (F) 7 2.2 7 2.1 5 1.5
Pro (P) 12 3.8 11 3.3 11 3.3
Ser (S) 15 4.7 24 7.2 | 26 7.8
Thr (T) 14 | 44 14 4.2 13 3.9
Trp (W) 1 0.3 6 1.8 6 1.8
Tyr (Y) 8 2.5 8 2.4 7 2.1
Val (V) 32 101 | 34 102 38 114

Table 10. Protein parameters of HM-LDH, HH-LDH and Pf-LDH (aa: amino acids, Mw: molecular weight, pl: isoelectric point).

Negatively Positively
Theoretical Charged Charged Net Instability
plI Residues Residues Charge Index

(Asp+Glu) (Arg+Lys)
HM-LDH 332 36688.72 8.44 36 39 3 24.79
HH-LDH 334 | 36638.49 5.71 40 34 -6 26.87
PrLDH 316 34107.75 7.12 32 32 0 20.73

Also, the pharmacokinetics of the molecules such as
cytochromes P450 (CYP), Log Kp (skin permeation), Gl
absorption, BBB permeant were estimated and the results
were given in Table 11. BOILED EGG model represents the
blood-brain barrier permeant (BBB permeant) and
gastrointestinal absorption (Gl absorption). If the molecule
is in the yellow part of the BOILED EGG model, BBB
permeant and at the white part, GI absorption is observed.
The blue dot also indicates that the molecule has a high
affinity for P glycoprotein and could be easily released into
the system. The red dot shows the affinity of the molecule
is low, and it stays in the system for a long time (Daina and
Zoete, 2016; Shaaban et al., 2022). In Table 11, Hoslundal
is at the intersection of the white and yellow parts, which
have both GI absorption and BBB permeant and it has a red
dot, which means the molecule stays in the system for a long
time. Hoslundin is at the white part with the red dot; it has
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Gl absorption. Hoslunddiol is at the white part with the blue
dot.
4. Discussion

About 409,000 people have been dying each year because
of malaria. P. falciparum has a resistance to anti-malarial
drugs and this resistance mechanism has so far been
unresolved. Up to date, no validated vaccine has been
reported in the scientific literature (Kayamba et al., 2021).
Shadrack et al. (2016) selected three molecules that have
inhibitory properties on the Pf-LDH and they used in silico
methods to understand these interactions between enzymes
and ligands. However, they did not mention the application
method of these three compounds in the real enviromental
conditions. This paper was aimed at understanding the
inhibitory effects of these molecules on human-LDHs by
using in silico methodology as well.
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Table 11. Swiss-ADME results of hoslundal, hoslundin and hoslunddiol.
a. Hoslundal

Ligand Struct Bioactivity Radar . . .
reand Sirueture : Pharmacokinetics and drug-likeness

= Lipophilicity: XLOGP3= 3.25
Molar Refractivity= 86.41
Polarity: TPSA=76.74 A2
Saturation: Fraction Csp3=0.11
Num. of rotatable bonds= 4
BBB permeant= Yes

Log Kp (skin permeation) = -5.89 cm/s
P-gp substrate= No

Consensus Log Pow= 2.77
Bioavailability Score: 0.55
CYP1AZ2 inhibitor= Yes
CYP2C19 inhibitor= Yes
CYP2C9 inhibitor= Yes
CYP2D6 inhibitor= No
CYP3A4 inhibitor= Yes

Gl absorption= High

Lead likeness= Yes

FLEX SIZE

/ |
‘4-47//‘

) INSATU POLAR

INSOLU

BOILED EGG

b. Hoslundin

Bioactivity Radar Pharmacokinetics and drug-likeness

Lipophilicity: XLOGP3= 3.74

Molar Refractivity=111.86

Polarity: TPSA=99.11 A2

Saturation: Fraction Csp3=0.13

Num. of rotatable bonds= 4

BBB permeant= No

Log Kp (skin permeation) =-6.12 cm/s
P-gp substrate= No

Consensus Log Pow= 3.42
Bioavailability Score: 0.55

CYP1A2 inhibitor= No

CYP2C19 inhibitor= No

CYP2C9 inhibitor= Yes

CYP2D6 inhibitor= No

CYP3A4 inhibitor= Yes

Gl absorption= High

Lead likeness= No; 2 violations:
BOILED EGG MW>350, XLOGP3>3.5

Ligand Structure

LIPO

FLEX SIZE

INSATU POLAR

INSOLU
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¢. Hoslunddiol

Ligand Structure

Bioactivity Radar

'1 1k
® 6 o o o o o o o o o o o o o o

BOILED EGG

A comprehensive review on the LDH inhibitors can be
found from Granchi et al (2010). More and very recent
information on not only for human LDH inhibitors but also
other species can be accessed via brenda-enzymes.org. CB-
Dock was used and the results were estimated with and
without NADH. The main idea was to elucidate whether
these molecules interact with active sites of the enzymes.
When the vina scores were compared, the results showed
that they bonded with active site amino acids (ARG109,
ARG171 and HIS195). As a result of the study, it was
understood that these three molecules may also have
inhibitory effects on the human-LDH. Ren et al. (2022)
studied Methicillin-resistant ~ Staphylococcus  aureus
USA300, which causes pneumonia. They utilized hispidulin
as an inhibitor against S. aureus LDH. They tested the
compound on the mice lungs. According to Swiss-
Similarity results, hoslundal and hispidulin are highly
similar, suggesting that hoslundal can also be employed for
inhibiting S. aureus LDH. Singh et al. (2019) mentioned on
Pf-LDH that there is a high similarity between Pf-LDH and
human-LDH. Due to this similarity, usage of anti-pLDH
drugs could be risky for all aerobic and anaerobic organisms
where these anti-pLDH drugs are applied. The researchers
have so far investigated the 3D structures of human-LDH
and Pf-LDHs. Any anti-malarial inhibition focused on
LDHs may be effective on human LDH. Some of the
previous studies suggested new compounds as anti-pLDH
drugs to inhibit pLDH. Vivas et al. (2005) mentioned that
4-hydroxy-1,2,5-oxidiazole-3-carboxylic acid (OXD1) as
an inhibitor of Pf-LDH. Heterocyclic azole-based inhibitors
bind with OXD1 as an inhibitor of Pf-LDH. Heterocyclic
azole-based inhibitors bind to Pf-LDH, but they do not bind
the active site of human LDH. In the Vivas et al. (2005)
paper, it was shown that OXD1 has anti-malarial activity in
vitro and in vivo. According to this study, Vivas et al. (2005)
suggested and proved that while discovering new anti-
malarial drugs, azole derivative compounds have more
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Pharmacokinetics and drug-likeness

Lipophilicity: XLOGP3= 2.36

Molar Refractivity= 106.73

Polarity: TPSA= 109.36 A?
Saturation: Fraction Csp3=0.32

Num. of rotatable bonds= 3

BBB permeant= No

Log Kp (skin permeation) = -7.05 cm/s
P-gp substrate= Yes

Consensus Log Pow= 2.24
Bioavailability Score: 0.55

CYP1AZ2 inhibitor= No
CYP2C19 inhibitor= No
CYP2C9 inhibitor= No
CYP2D6 inhibitor= No
CYP3AA4 inhibitor= Yes
Gl absorption= High
Lead likeness= No;
MW>350

1 violation:

optimization. According to Shadrack et al. (2016), when the
compounds were examined, it was clear that there was no
azole-based compound. Thus, three of these molecules are
alternatives to anti-malarial drugs. According to the
findings, these compounds have Pf-LDH inhibition
properties. The docking results also prove their inhibitory
properties. Kayamba et al. (2021) study is about to
emphasize the significance of parasitic LDH and MDH as
therapeutic treatment targets for a few specific obligate
apicoplast parasites. In the light of this study, their potential
as therapeutic targets for both aerobic and anaerobic
glycolytic pathways are highlighted. Azole derivatives have
been extensively studied in the literature for their ability to
inhibit Pf-LDH and MDH. As a result of this study,
inhibition of MDH and LDH is the best strategy for the anti-
malaria drugs. In the present study, three molecules were
docked to HH-LDH and HM-LDH that are responsible for
the continuation of glycolysis. Vina scores of HH-LDH and
HM-LDH are higher than Pf-LDH when hoslundal,
hoslundin and hoslunddiol were docked. According to these
data sets, if these molecules are used, they may also inhibit
HH-LDH and HM-LDH. Penna-Coutinho et al. (2011)
studied NADH analogs to combat with malaria. They
investigated 50 different NADH compounds. Itraconazole,
atorvastatin and posaconazole were selected to be the best
compound to inhibit pLDHs by using Molegro Virtual
Docker software. In contrary to Penna-Coutinho et al.
(2011), NADH was removed from the LDHs studied in this
study and molecular docking was realized. Therefore, the
result may exhibit different binding energies. In silico
technologies provide a big contribution to the development
of anti-pLDH drugs. However, a common and a validated
methodology should be developed before obtaining docking
scores with respect to candidate drugs. The main idea is to
calculate vina scores while the molecules bind to the active
sites. Penna-Coutinho et al. (2011) docked the NADH
analogs without coenzyme but lactate dehydrogenase is a
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haloenzyme that needs a coenzyme in order to show activity
(Berg et al., 2007). We propose that itraconazole,
atorvastatin and posaconazole should be docked with
NADH and the MolDock score should be evaluated. Also,
Penna-Coutinho et al (2011) mentioned that their selected
compounds strongly bind to active site at and they called
this interaction as "competitive inhibition". However,
competitive inhibitors are listed under “reversible"
inhibition types and strong interaction are not expected in
molecular docking studies such hydrogen bonds,
hydrophobic interactions electrostatic interactions, etc.
According to Singh et al. (2019), chloroquine (CQ) is used
in anti-malarial drugs. As a result of this usage, it caused
resistance in P. falciparum and P. vivax. Both of these
parasites are responsible for malaria. Long-term treatment
led to retinal toxicity and a decrease in vision deficiency,
diplopia, and associated vision loss. In the light of this
information, new anti-malarial drugs should be developed.

5. Conclusion

The number of deaths due to malaria has been increasing
especially in the Africa. In that case, it is very important to
produce new anti-Pf-LDH drugs to prevent malaria. The
development of bioinformatics tools helps produce new
drugs. Also, they prevent time and cost losses. As it is
known that anti-malarial drugs have inhibitory effects on P.
falciparum, it should be noted that both mammalians and
parasites have lactate dehydrogenases. As a result of this
information, new molecules could inhibit mammalian LDH.
According to the present paper, it is clear that three
molecules exhibit higher binding energies for both HM-
LDH and HH-LDH than those of Pf-LDH. Application
methods play a crucial role in potantial use of these three
small molecules in various inhibition studies. For the further
studies, effects of specific application methods on the
inhibition process of enzymes should be taken into
consideration. Wet-lab studies are strongly recommended
for specific inhibition.
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Ozet: Bu calismada Hatay ili Kirikhan-Reyhanh bélgesi tarim topraklarinin molibden iceriginin belirlenmesi ve toprak icerisindeki
baz1 agir metaller ile iligkilerinin saptanmasi amaglanmigtir. Bu amag i¢in Kirikhan-Reyhanli bélgesi tarim topraklarini temsil
edecek sekilde iki farkli derinlik (0-20 ve 20-40 cm) ve 30 ayr1 noktadan olmak iizere toplamda 60 toprak 6rnegi alinmistir. Alinan
toprak orneklerinde; Kadmiyum (Cd), Kobalt (Co), Krom (Cr), Nikel (Ni), Bakir (Cu), Demir (Fe) ve Molibden (Mo) igerikleri
belirlenmistir. Aragtirma sonuglarina gore; topraklarin Cd igerikleri 0.009-0.041 pg/kg; Co igerigi 0.011-0.317 pg/kg; Cr 0.008-
0.187 pg/kg, Ni icerikleri 0.787-6.211 ppm; Cu igerikleri 1.11-3.77 ppm; Fe icerikleri 2.80-15.09 ve Mo igerikleri 0.006-0.101
ng/kg arasinda bulunmustur. Topraklarin Mo ile Co ve Ni igerikleri arasinda pozitif 6nemli iligkiler belirlenirken Cr igerigi ile
negatif 6nemli iliskiler belirlenmistir. Ayn1 zamanda Cd ile Co ve Ni; Co ile Ni ve Cu ile Fe aralarinda ise pozitif dnemli iligkiler
belirlenmistir. Bolge topraklarinin agir metal icerikleri sinir degerler ile karsilagtirildiginda herhangi bir agir metal kirliligine
rastlanmamugtir.

Anahtar Kelimeler: Molibden igerigi, Kirkhan-Reyhanli, agir metaller

Determination of molybdenum content of agricultural soils of Kirtkhan-Reyhanh region and
their relationship with some heavy metals in soil

Abstract: In this study, it was aimed to determine the molybdenum content of agricultural soils in the Kirikhan-Reyhanli region
of Hatay province and to determine its relations with some heavy metals in the soil. For this purpose, a total of 60 soil samples
were taken from two different depths (0-20 and 20-40 cm) and 30 different points, representing the agricultural lands of Kirikhan-
Reyhanli region. For this purpose, a total of 60 soil samples were taken from two different depths (0-20 and 20-40 cm) and 30
different points, representing the agricultural lands of Kirikhan-Reyhanl region. In the soil samples taken; Cadmium (Cd), Cobalt
(Co), Chromium (Cr), Nickel (Ni), Copper (Cu), Iron (Fe) and Molybdenum (Mo) contents were determined. According to the
research results; Cd contents of soils are 0.009-0.041 pg/kg; Co content 0.011-0.317 pg/kg; Cr 0.008-0.187 pg/kg, Ni contents
0.787-6.211 ppm; Cu contents are 1.11-3.77 ppm; Fe contents were found between 2.80-15.09 and Mo contents between 0.006-
0.101 pg/kg. While positive significant relationships were determined between Mo and Co and Ni contents of soils, negative
significant relationships were determined with Cr content. Co and Ni with Cd as well; Positive and significant relationships were
determined between Co and Ni and Cu and Fe. When the heavy metal contents of the soils of the region were compared with the
limit values, no heavy metal pollution was found.

Keywords: Molybdenum content, Kirikhan-Reyhanli, heavy metals

1.Giris

Toprak, tarimsal faaliyetlerini siirdiirebilmesi i¢in bitkilerin
gereksinim duyduklari makro ve mikro besin elementlerinin
depolandigi, organizmalarin  yasamsal faaliyetlerini
stirdiirebildigi, canlilarin hayatlarin1 devam ettirebilmeleri
igin zararl toksisitelerin olumsuz etkilerini en aza indiren
ve dogaya =zararli kirleticileri slizerek doniisiimlerini
tamamlayan dinamik bir varliktir (Acir ve Giinal 2020).

© EJBCS. All rights reserved.

Molibden (Mo) dogada nispeten diisiik toksisiteye sahip
onemli bir elementtir (ipek 2003). Molibden; atomik
agirhgr 95.94, koyu gri siyah renkte yanici 6zellikte olup
peryodik cetvelin  VI-B serisinde ¢oziinebilen ve
¢oziinemeyen bilesikler seklinde yer almaktadir (Barceloux
1999). Toprak biinyesinde yetistirilen bitkilerdeki Mo
igerigi; genis oranda topragin Mo igerigi ve pH’s1 ile
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mevsimsel farkliliklara gore degisiklik gdstermektedir
(McDowell 1992).

Glinlimiizde artan sanayilesme ve kentlesme ile beraber
cesitli cevre kirlilikleri artmig ve bircok cevresel problem
ortaya ¢ikmistir. Bu problemlerin basinda gelen agir
metaller, hava, toprak ve su kaynaklarinda kirliliklere neden
olmaktadirlar. Bitki fizyolojisini olumsuz etkileyerek,
bitkisel liretimin azalmasina neden olan agir metaller, besin
zinciri yoluyla canli sagligini da tehdit altina alirlar (Yerli

ve ark. 2020). Agir metaller, gevredeki
konsantrasyonlarinin  artmasi ile bir yandan canl
organizmalar i¢in gerekli olan ve diger yandan

yasamlarinda olumsuz bir faktdr olusturan Onemli bir
cevresel faktordiir. Sanayi kuruluslarinin faaliyetleri, araba
egzozlart ve uygarligin diger 6zellikleri, topraktaki agir
metal igerigini artirmakta ve sonug¢ olarak kalitelerini
olumsuz yonde etkilemektedir (Breus ve Yevtushenko
2022). Agir metaller toprak ana materyalinde olugurken
insan aktiviteleri sunucu topraklara katilim ile birlikte
miktarlar1 devamli olarak artmaktadir. Bu katilimlar
kimyasal giibreler, endiistriyel atiklar, maden kalmtilar1 ve
otomobil emisyon gazlari ile olabilmektedir. Baslica zararli
agir metaller; Krom (Cr), Kadmiyum (Cd), Bakir (Cu),
Kursun (Pb), Mangan (Mn), Molibden (Mo), Nikel (Ni) ve
Cinko (Zn)’dur (Akyildiz ve Karatag 2018).

Hizli kentlesme ve niifus artisi ile birlikte sanayilesmenin
yarattigl cevre sorunlart tarimsal alanlari tehdit eder
boyutlara ulagmakta, bu sorunlar basta bilingsiz giibre ve
ila¢ kullanimi gibi tarimin kendi i¢ dinamikleri ile olugan
sorunlara ilave olarak ve her gegen bilyliyerek karsimiza
¢tkmaktadir (Simsek ve ark. 2021). Tarim alanlarinda
kirlilige neden olan ve gittikce daha biiyiik boyutlarda
tehlike olusturan etmenlerin baginda potansiyel agir metal
elementler gelmektedir (Simsek ve ark. 2021). Onemli bir
kirletici grubu olusturduklari bilinen bu elementler, bitkisel
iretimde verimliligi olumsuz etkilemesi yaninda, besin
zincirine de girerek insan ve hayvan saghigimi da tehdit
etmektedir (Simsek ve ark. 2021). Bakir, ¢inko, mangan,
demir ve molibden gibi agir metaller bitkiler i¢in gerekli
besin maddeleri olmalarmin yaninda dogal olarak
topraklarda bulunurlar. Ayni zamanda cesitli yollarla (asit
yagislar, giibreler, ¢opler vb.) topraga énemli miktarda agir
metallerin girisi miimkiin olmaktadir. Bu sekilde toprak
icerisine intikal eden civa, kadmiyum ve nikel gibi agir
metaller topragin kolloid kompleksi tarafindan toprakta ve
humusta tutulurlar. Bundan dolay:1 toprak organizmalari
tizerindeki toksik etkileri nedeniyle 6liimlerine yol acarlar.
Dolayisiyla 6lii ortii ayrigmast engellenmis olur ve toprak
striiktiirii bozulmaya ugramis olur (Tolunay 1992).

Tarim topraklarmin en 6nemli kirleticilerinden olan agir
metaller ile iligkili {ilkemizde bir¢ok calisma yapilmustir.
Ayni bolgede yapilan ¢alismada, Yal¢in ve Cimrin (2019)
Hatay ili Kirikhan-Reyhanli arasi ¢ayir-mera topraklariin
molibden igeriginin belirlenmesi ve toprak igerisindeki bazi
agir metaller ile iliskilerinin saptanmasi amacglamiglardir.
Calisma sonucuna gore; topraklarin kadmiyum igerikleri
0.01-0.32 ppm; kobalt igerigi 0.01-4.97 ppm; nikel
igerikleri 0.00-20.00 ppm; kursun igerikleri 3.00-67.00
ppm; bakir igerikleri 0.26-7.48 ppm; demir igerikleri 4.00-
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61.00 ve molibden igerikleri 0.001-0.064 ppm arasinda
bulunmustur. Topraklarin Mo ile Co, Ni, Pb, Cu ve Fe
igerikleri arasinda pozitif énemli iliskiler belirlenmistir.
Ayn1 zamanda Cd ile Co; Co ile Ni, Pb, Fe; Pb ile Cu, Fe ve
Cu ile Fe aralarinda pozitif dnemli iliskiler belirlenmistir.
Bolge topraklarinin agir metal icerikleri smnir degerler ile
karsilastirildiginda herhangi bir agir metal kirliligine
rastlanmamigtir. Yakin bir bolgede, Simgek ve ark. (2021)
Osmaniye ilinin tarim topraklarindaki agir metallerin
kirlilik  diizeylerinin  belirlenmesini  amaglamislardir.
Calisma sonucuna gore; toplam Mn igeriginin (% 42),
toplam Fe (% 100), toplam Ni (% 58), toplam Cd (% 48) ve
toplam Cr (% 28.4) konsantrasyonunun Tiirkiye’de Toprak
Kirliliginin Kontrolii Yonetmeligine gore pH’st 6’nin
iizerinde olan topraklarda kabul edilen toplam smir
degerlerin lizerinde oldugunu belirlemiglerdir. Elde edilen
sonuglara gore; bu metallerin yapilacak arastirmalarda
bitkilere, hayvanlara ve insanlara gida zinciriyle gegisinin
dikkatlice izlenmesi ve gida giivenligi agisindan 6nemli
olup olmadiginin uygun ekstraktorlerle analiz edilip s6z
konusu ekstraktoriin, koreleasyon kalibrasyon galismalari
ile se¢ilmesi sonucu elde edilen verilerin, limit degerlerle
karsilastirilip toksik olup olmayacaginin farkl bir arastirma
ile netlestirilmesi gerektigini ortaya koymuslardir. Baska
bir ¢alismada, Kiigiik ve Karaoglu (2021) Igdir ili 080
devlet karayolu boyunca tarim topraklarinda agir metal
kirliliginin durumunu arasgtirmiglardir. Calisma sonucuna
gore; otoyola daha yakin mesafe, daha yiiksek element
konsantrasyonlar1 6l¢iilmiistiir. Uzakliktan en ¢ok etkilenen
elementler demir ve ¢inko olmustur (p> 0.01) ve bunlar
nikel (p <0.05), manganez ve bakir (p = 0.05'e yakin)
izlemigtir. Otoyoldan 0 ila 10 m uzakliktaki bolge en kirli
bolge olmustur. Kirlilik indeksleri (PI), toplam
konsantrasyonlar i¢in Ni> Cu> Zn> Fe> Mn ve alinabilir
degerler i¢in Cu> Zn> Mn> Fe> Ni seklinde siralanmustir.
Kirlilik yiik endeksleri (PLI) genel olarak nikel (Ni)
degerleri disinda toplam mikro besinlerin kirlilik
endekslerinden (PI) daha yiiksek ve genellikle alinabilir
degerlerin  kirlilik endekslerinden (PI) daha diisiik
hesaplanmistir. Ni ve Cu'nun nispeten daha kisa siirede
cevre agisindan riskli seviyelere ulagma ihtimalinin yiliksek
oldugu sonucuna varilabilir.

Caligmada Hatay ili Kirikhan-Reyhanli bélgesi tarim
topraklarmm molibden diizeyi ve bunlarin toprak
igerisindeki bazi agir metaller ile iliskileri belirlenerek,
tarim topraklarinin dolayisi ile buradan giftcilik ile gecinen
ciftcilerin elde ettikleri verim ve kaliteye katki saglamak
amaglanmustir.

2.Materyal Ve Yéntem
2.1.Materyal

Calismada yoreyi temsil edecek sekilde Hatay ili Kirikhan-
Reyhanli bolgesindeki tarim topraklari alanlarindan 30
noktadan, 0-20 ve 20-40 cm derinliklerinden toplamda 60
toprak O6rnegi usuliine uygun olarak alinmgtir (Tablo 1.,
Sekil 1.). Ayni giin laboratuvara getirilen toprak ornekleri
goblgede hava kurusu olacak bi¢imde kurutulmus ve 2 mm’
lik elekten gegirilerek analize hazir hale getirilmistir.
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Sekil 1. Alinan Toprak érneklerinin Kirtkhan-Reyhanli Ilge haritas1 Uzerindeki Gosterimi

2.2.Yontem

Topraklarin pH degerleri saturasyon ¢amuru ekstraktinda
pH metre ile toplam ¢oziinebilir tuz icerikleri ise elektriksel
iletkenlik aletinde 6lgiilerek belirlenmistir (Horneck ve ark.
1989). Topraklarin kire¢ (CaCOg3) igerikleri Scheibler
kalsimetresi aleti ile dort tekrarlamali olarak Sl¢iilmiistiir
(Nelson 1982). Biinye hidrometre yontemi ile belirlenmistir
(Bouyoucos 1952). Topraklarin organik madde igerikleri,
Nelson ve Sommers (1982) tarafindan bildirildigi sekilde
modifiye edilmis Walkley-Black yontemiyle belirlenmistir.
Katyon degisim kapasitesi, sodyum asetat (1N pH: 8.2)
ekstraksiyon yontemi ile (Rhoades 1982). Topraklarin
yarayislt kadmiyum (Cd), kobalt (Co), krom (Cr), nikel
(N1), bakir (Cu), demir (Fe) ve molibden (Mo) Lindsay ve
Norvell (1978)’e gore 0.005 M DTPA+0.01 M CaCl,+0.1
M TEA (pH 7.3) ekstraktinda belirlenmistir. Toprak
ozellikleri ile besin elementleri arasindaki korelasyon ve
regresyon analizleri SPSS 17 istatistik programinda
yapilmustir (Diizgiines ve ark. 1987).
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3.Arastirma Bulgulari ve Tartisma
3.1.Topraklarin Bazi Fiziksel ve Kimyasal Ozellikleri

Arastirmada kullanilan toprak 6zelliklerinin bazi fiziksel ve
kimyasal 6zelliklerine ait bulgular verilmistir. Arastirma
topraklarimin pH igerigi 7.57 ile 8.36 arasinda degiserek
ortalama olarak 7.96 olup toprak orneklerinin pH’larmin
tamaminin hafif alkalin reaksiyonlu oldugu goriilmistiir.
Topraklarin tuz igerigi % 0.020-0.083 arasinda farklilik
gosterirken ortalama olarak % 0.041 olup ¢alisma alam
topraklarinin hemen hemen hepsinin tuzsuz smifa ait
olduklar1 bulunmustur. Kirikhan-Reyhanli bdélgesi tarim
topraklarinin sirastyla kil, kum ve silt miktarlar1 ortalama
olarak % 49.10, 15.58 ve 35.41 bulunmustur. Arastirma
topraklarinin  kire¢ igerikleri % 5.66-51.14 arasinda
degisirken ortalama % 22.21 olarak genellikle orta kirecli
ile ¢ok fazla kiregli topraklar olarak belirlenmistir.
Topraklarinin organik madde igerigi % 1.42-4.10 olarak
belirlenirken ortalama organik madde % 2.63 bulunmustur.
Topraklarda  katyon  degisim  kapasitesi  (KDK)
incelendiginde; toprak drneklerinin 16.89-42.10 me /100 g
olarak bulunmus olup ortalama KDK igerigi ise 31.53
me/100 g olarak bulunmustur (Yalgin 2023).
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Toprak Ornek Yeri GPS ile N/E Toprak Ornek Yeri GPS ile N/E

No Koordinatlari No Koordinatlar1
1 Bagpinar (54.2910 - 40.3829) 16 Ozkizilkaya-3 (54.4676 - 40.3183)
2 Muratpaga-1 (54.2162 - 40.3762) 17 Ozkizilkaya-4 (54.3927 - 40.3116)
3 Muratpasa-2 (54.1415 - 40.3696) 18 Akkuyu (54.3178 - 40.3049)
4 Muratpasa-3 (54.0667 - 40.3629) 19 Hamam Koyii-1 (54.9522 - 40.2931)
5 Baldiran-1 (53.9920 - 40.3563) 20 Hamam Koyii-2 (54.8536 - 40.2898)
6 Baldiran-2 (53.9172 - 40.3496) 21 Hamam Koyii-3 (54.7549 - 40.2866)
7 Mrtps-Kizilkaya-1  (54.5006 - 40.3614) 22 Kaletepe-1 (54.6562 - 40.2833)
8 Mrtps-Kizilkaya-2  (54.4258 - 40.3547) 23 Kaletepe-2 (54.5575 - 40.2800)
9 Mrtps-Kizilkaya-3 ~ (54.3511 - 40.3481) 24 Muharrem (54.4588 - 40.2767)
10 Mrtps-Kizilkaya-4  (54.2763 - 40.3414) 25 Dogu Ayranci (54.9716 - 40.2481)
11 Ozkizilkaya-1 (54.2016 - 40.3348) 26 Ahmetbeyli-1 (54.8717 - 40.2477)
12 Baldiran-3 (54.1268 - 40.3281) 27 Ahmetbeyli-2 (54.7718 - 40.2473)
13 Akpmar-1 (54.6923 - 40.3383) 28 Pagahoyiik-1 (54.6719 - 40.2468)
14 Akpinar-2 (54.6174 - 40.3316) 29 Pagah0yiik-2 (54.5720 - 40.2464)
15 Ozkizilkaya-2 (54.5425 - 40.3250) 30 Kircaoglu (54.4721 - 40.2460)

3.2.Toprak Orneklerinin Bazi Besin Elementi I¢erikleri

Arastirmada kullanilan toprak o6zelliklerinin bazi besin
elementi 6zelliklerine ait bulgular Cizelge 3’de verilmistir.

Kadmiyum

Arastirma topraklarinin kadmiyum igerikleri 6rneklerde en
disiik 0.009 ug/kg iken, en yiiksek kadmiyum igerigi 0.041
pug/kg olarak belirlenmistir. Topraklarim  0-20 cm
derinligindeki &rneklerinin ortalama kadmiyum igerigi
0.019 pg/kg iken 20-40 cm derinlikteki 6rneklerde ise 0.018
pg/kg olup iki derinlikte ortalama olarak 0.019 pg/kg
bulunmustur (Tablo 2.). Farkli bir bolgede yapilan
calismada, Ozkan ve demir (2023) Rize ilinde geleneksel ve
organik cay tarimi yapilan alanlarin topraklarinda bazi
verimlilik parametreleri ile agir metal igeriklerinin
karsilastirildig1 ¢alisma sonucunda topraklarin Cd igerigi
yoniinde ¢ok diisiik seviyelerde oldugunu belirleyerek
benzer sonuglar ortaya koymuslardir. Ayni zamanda,
Karaaslan ve ark. (2014) tarafindan yapilan bir ¢alisma,
Tiirkiye'nin farkli bdlgelerindeki tarim topraklarinda
kadmiyum seviyelerini incelemistir. Bu ¢alismada da,
topraklarin genel olarak diisiik kadmiyum igerigine sahip
oldugu bulunmustur.

Kobalt

Kirikhan-Reyhanli alani tarim topraklarinin almabilir
kobalt i¢erikleri en diigiik 0.011 pg/kg iken, en yiiksek 0.317
png/kg olarak belirlenmistir. Topraklarin  0-20 cm
derinligindeki ortalama kobalt igerigi 0.077 pg/kg iken 20-
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40 cm derinlikteki drneklerde ortalama ise 0.068 pg/kg olup
ortalama olarak 0.076 pg/kg bulunmustur (Tablo 2.).
Tiirkiye'de yer alan tarim topraklarindaki kobalt igerigi
iizerine Sahin ve ark. (2016) tarafindan yapilan bir
calismada, Tirkiye'nin bazi  bolgelerindeki tarim
topraklarinda kobalt seviyeleri incelenmistir. Bu ¢caligmada
da, tarim topraklarinin genel olarak diigiik kobalt icerigine
sahip oldugu belirlenmis olup benzer sonuglar ortaya
konmustur.

Krom

Topraklarin krom icerigi 6rneklerde en diisiik 0,008 pg/kg
iken, en yiksek krom igerigi 0.187 png/kg olarak
belirlenmistir. Topraklarm  0-20 cm  derinligindeki
Orneklerinin ortalama krom igerigi 0.034 pg/kg iken 20-40
cm derinlikteki oOrneklerde ise 0,039 pg/kg olup iki
derinlikte ortalama olarak 0.038 pg/kg bulunmustur (Tablo
2.). Farkli bir bolgede yapilan calismada, Ozkan ve Demir
(2023) Rize ilinde geleneksel ve organik cay tarimi yapilan
alanlarm topraklarinda bazi verimlilik parametreleri ile agir
metal igeriklerinin karsilastirildigi ¢alisma sonucunda
topraklarin Cr igerigi yoniinde ¢ok diisiik seviyelerde
oldugunu belirleyerek benzer sonuglar ortaya koymuslardir.
Sahin ve ark. (2013) tarafindan yapilan bir caligmada,
Tiirkiye'nin bazi bdlgelerindeki tarim topraklarinda krom
seviyelerini incelemistir. Bu ¢alismada da, topraklarin genel
olarak diisiikk krom igerigine sahip oldugu tespit edilmis
olup yakin sonuglar ortaya konmustur.
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Tablo 2. Hatay ili Kirikhan-Reyhanli bolgesi tarim topraklarimin Cd, Co, Cr, Ni, Cu, Fe, Mo igerikleri

Toprak Derinlik Cd Co Cr Ni Cu Fe Mo Biinye

No png/kg png/kg ng/kg mg/kg mg/kg mg/kg pg/kg Smifi
1 0-20 0.010 0.056 0.029 1.64 3.26 8.55 0.020 C
20-40 0.010 0.048 0.123 1.80 3.70 9.09 0.025 C
2 0-20 0.009 0.054 0.013 1.09 2.79 8.79 0.019 C
20-40 0.011 0.040 0.027 0.96 2.52 7.65 0.012 C
3 0-20 0.020 0.134 0.035 2.05 2.51 6.50 0.036 C
20-40 0.020 0.077 0.032 1.93 2.36 6.29 0.027 C
4 0-20 0.027 0.033 0.048 2.11 2.68 7.24 0.030 C
20-40 0.028 0.023 0.014 2.13 2.33 7.34 0.024 C
5 0-20 0.041 0.259 0.027 5.45 2.25 5.26 0.038 C
20-40 0.028 0.251 0.039 6.21 2.29 5.97 0.039 Cc
6 0-20 0.014 0.029 0.020 2.59 2.09 5.00 0.014 Cc
20-40 0.015 0.030 0.038 2.92 2.40 5.81 0.022 C
7 0-20 0.018 0.152 0.024 2.19 291 6.87 0.018 SiC
20-40 0.017 0.057 0.034 1.66 2.54 6.33 0.017 C
8 0-20 0.014 0.048 0.042 1.81 2.79 7.64 0.022 C
20-40 0.012 0.033 0.013 1.70 2.66 7.36 0.011 C
9 0-20 0.019 0.039 0.037 1.84 2.77 3.67 0.043 C
20-40 0.016 0.026 0.017 2.05 2.89 4.06 0.042 C
10 0-20 0.011 0.167 0.012 1.66 2.95 9.97 0.022 C
20-40 0.011 0.067 0.047 1.47 2.68 11.58 0.026 C
11 0-20 0.021 0.137 0.030 1.93 3.05 6.94 0.023 C
20-40 0.024 0.317 0.076 2.16 3.28 6.92 0.031 C
12 0-20 0.015 0.055 0.038 1.27 2.60 6.32 0.023 SiC
20-40 0.013 0.026 0.052 0.93 2.51 7.35 0.016 SiC
13 0-20 0.012 0.035 0.026 0.89 2.93 6.66 0.024 SiC
20-40 0.010 0.040 0.015 1.08 2.85 7.11 0.012 SiC
14 0-20 0.019 0.239 0.015 2.08 3.75 6.37 0.027 SiC
20-40 0.020 0.132 0.023 1.98 3.74 8.16 0.029 SiC
15 0-20 0.016 0.064 0.034 1.66 2.17 3.06 0.054 C
20-40 0.014 0.042 0.027 1.15 1.95 2.80 0.055 C
16 0-20 0.016 0.028 0.026 1.22 2.86 7.46 0.015 C
20-40 0.016 0.016 0.039 1.13 3.42 8.84 0.016 SiC
17 0-20 0.011 0.016 0.024 0.90 3.13 6.92 0.013 C
20-40 0.011 0.013 0.130 0.86 3.12 7.07 0.014 C
18 0-20 0.019 0.030 0.120 1.25 3.58 8.26 0.019 C
20-40 0.018 0.011 0.041 0.92 3.28 7.75 0.006 SiC
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19 0-20 0.020 0.060 0.022 1.29 1.48 5.08 0.017 CL
20-40 0.019 0.035 0.023 1.27 1.48 4.95 0.018 CL
20 0-20 0.026 0.043 0.026 1.64 1.78 9.67 0.014 CL
20-40 0.027 0.046 0.020 171 1.86 11.64 0.016 CL
21 0-20 0.019 0.239 0.015 1.20 1.11 3.63 0.011 CL
20-40 0.019 0.233 0.064 1.07 1.16 3.84 0.009 CL
22 0-20 0.019 0.024 0.012 1.35 1.96 11.03 0.019 SiC
20-40 0.019 0.032 0.025 1.44 1.98 10.22 0.022 SiC
23 0-20 0.021 0.062 0.023 1.51 2.87 7.99 0.101 C
20-40 0.021 0.055 0.029 1.50 2.79 8.55 0.100 SiC
24 0-20 0.021 0.020 0.028 1.59 3.35 13.97 0.024 Cc
20-40 0.022 0.021 0.022 1.64 3.24 14.30 0.024 C
25 0-20 0.022 0.048 0.032 1.01 3.59 7.84 0.008 C
20-40 0.021 0.032 0.031 1.03 3.51 8.10 0.019 Cc
26 0-20 0.022 0.032 0.013 0.79 3.38 6.64 0.009 C
20-40 0.024 0.057 0.035 0.90 3.53 7.04 0.011 C
27 0-20 0.024 0.119 0.187 1.89 2.56 5.24 0.024 SiC
20-40 0.022 0.106 0.030 1.62 2.48 3.82 0.019 Cc
28 0-20 0.022 0.027 0.031 1.43 2.15 5.20 0.008 SiC
20-40 0.023 0.028 0.033 131 2.13 5.28 0.011 SiC
29 0-20 0.014 0.034 0.008 0.80 2.14 5.07 0.013 CL
20-40 0.015 0.113 0.031 1.30 2.33 5.09 0.018 CL
30 0-20 0.019 0.034 0.037 1.48 3.40 11.89 0.023 CL
20-40 0.018 0.044 0.030 1.62 3.77 15.09 0.021 CL
Min 0.009 0.011 0.008 0.787 111 2.80 0.006
Max 0.041  0.317 0.187 6.211 3.77 15.09 0.101
Ort. (Av.) 0-20 0.019  0.077 0.034 1.653 2.70 7.16 0.024
Ort. (Av.) 20-40 0.018 0.068 0.039 1.648 2.69 7.51 0.025
Ort. (Av.) 0.019 0.076 0.038 1.710 2.69 7.39 0.025
Nikel tarafindan  yapilan bir ¢aliyma, Tirkiye'nin bazi
bolgelerindeki tarim topraklarinda nikel seviyelerini

Caligma alani tarim topraklarmin biitiinliiniin degisebilir
nikel igerigi en diigiik 0.787 mg/kg iken, en yiiksek 6.211
mg/kg olarak belirlenmistir. Topraklarm 0-20 cm
derinligindeki orneklerinin ortalama degisebilir Nikel
icerigi 1.653 mg/kg iken 20-40 cm derinliklerde ise 1.653
mg/kg olup, her iki derinlikte ortalama 1.710 mg/kg olarak
bulunmustur (Tablo 2.). Farkli bir bdlgede yapilan
caligmada, Tas ve Demir (2023) Bingdl ovasi tarim
topraklarinin  verimlilik diizeyi ile bazi agir metal
iceriklerinin  belirlenmesini  amagladiklart  ¢alisma
sonucunda topraklarin Ni igerigi yoniinden ortalama 7.22
mg/kg seviyelerde oldugunu belirleyerek benzer sonuglar
ortaya koymuslardir. Ayni zamanda, Tifekgi ve ark. (2019)
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incelemistir. Bu caligmada da, tarim topraklarinin genel
olarak orta diizeyde nikel igerigine sahip oldugu tespit
edilmis olup yapilan ¢alisma ile benzer sonuglar ortay
koymustur.

Bakir

Kirikhan-Reyhanli bolgesi tarim topraklarin bakir icerigi
orneklerde en diisiik 1.11 mg/kg iken, en yiiksek bakir 3.77
mg/kg olarak belirlenmistir. Topraklarin  0-20 cm
derinligindeki orneklerinin ortalama bakir igerigi 2.70
mg/kg iken 20-40 cm derinlikteki 6rneklerde ise 2.69 mg/kg
olup iki derinlikte ortalama olarak 2.69 mg/kg bulunmustur.
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Toprak orneklerinin alinabilir bakir igerigi yoniinden
Linsay ve Norvell (1978) bildirdigi smir degerler ele
alindiginda topraklarin % 15’inin yetersiz diizeyde (<2
mg/kg) oldugu belirlenir iken geri kalan topraklarin %
85’inin ise alnabilir bakir icerigi bakimindan yeterli
diizeyde (>2 ppm) oldugu goriilmistiir (Tablo 2.). Benzer
bir c¢aligmada, Kirat ve Savci (2023) Ulutas Koyii
(Erzurum) bolgesindeki topraklarda agir metal kirliliginin
belirlenmesini arastirdiklar1 ¢alisma sonuglarina gore,
topraklarin Cu iceriginin 14.10-49.40 mg/kg degerleri
arasinda yiiksek diizeyde belirleyerek benzer sonuglar
ortaya koymuslardir. Aym zamanda, Al-Adham ve ark.
(2016) tarafindan Konya Havzasi'ndaki tarim topraklarinin
bakir igerigi incelenmistir. Arastirma sonuglarina gore,
Konya Havzasi'ndaki tarim topraklarimin bakir icerigi
genellikle diisiik ila orta diizeyde bulunmustur. Bu bulgu,
Kirikhan-Reyhanli bolgesindeki tarim topraklarinin bakir
icerigi bulgulartyla benzerlik gostermektedir.

Demir

Caligma alaninin topraklarinin almabilir demir igerikleri
orneklerde en diisik 2.80 mg/kg iken, en yiiksek demir
icerigi 15.09 mg/kg olarak belirlenmistir. Topraklarin 0-20
cm derinligindeki 6rneklerinin ortalamasi demir igerigi 7.16
mg/kg iken 20-40 cm derinlikteki 6rneklerde ise 7.51 mg/kg
olup her iki derinligin ortalamasi olarak 7.39 mg/kg olarak
bulunmustur. Toprak Orneklerinin Viets ve Lindsay
(1973)’in ortaya koydugu sinir degerlere gore net bir sekilde
demir noksanhigr (<2.5 mg/kg) gosteren topraklar
belirlenememigtir. Kritik demir noksanligi gosterme
olasilig1 bulunan (2.5-4.5 mg/kg) topraklar % 11.66 iken %
88.34’11 ise alinabilir demir agisindan iyi (>4.5 mg/kg)
durumda topraklardir (Tablo 2.). Benzer bir ¢aligmada,
Alkaym ve Yildiz (2023) Dogu Karadeniz ydresinde
iretilen bazi caylarin mineral beslenme durumunu
belirledikleri ¢alisma sonucunda topraklarin Fe igeriginin %
93 oraninda yiiksek ve yeterli diizeyde belirleyerek benzer
sonuglar ortaya koymuslardir. Ayni zamanda, Giines ve ark.
(2007) tarafindan Tirkiye'nin farkli bolgelerindeki tarim
topraklarinin  demir igerigi incelenmistir. Arastirma
sonuglarma gore, Tiirkiye genelindeki tarim topraklarinin
demir icerigi cesitli bolgelerde farklilik gostermekle birlikte
genellikle orta diizeyde bulunmustur. Bu bulgu, c¢alisma
alanindaki topraklarin demir igerigi bulgulariyla uyumlu
goriinmektedir.

Molibden

Kirikhan-Reyhanli alanit tarim topraklarmin alinabilir
molibden igerigi 6rneklerde en diisiik 0.006 pg/kg iken, en
yiiksek molibden 0.101 pg/kg olarak belirlenmistir.
Topraklarin 0-20 cm derinligindeki drneklerinin ortalamasi
molibden igerigi 0.024 pg/kg iken 20-40 cm derinlikteki
orneklerde ise 0.025 pg/kg olup her iki derinligin ortalamasi
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olarak 0.025 pg/kg olarak bulunmustur. Kirikhan-Reyhanli
bolgesi tarim topraklarinin hepsinin alinabilir molibden
igerikleri Viets ve Lindsay (1973)’e gore yeterli diizeyde
(>1 ppm) oldugu goriilmiistiir (Tablo 2.). Aym bolgede
yapilan bir ¢alismada, Yal¢in ve Cimrin (2019) Kirikhan-
Reyhanli ¢ayir mera topraklarin molibden igerigi yoniinden
yapilan c¢alisma ile benzer sonuglar ortaya koymuslardir.
Ozgelik ve ark. (2010) tarafindan Tiirkiye'nin bazi
bolgelerindeki tarim  topraklarmmin molibden igerigi
incelenmistir. Arastirma sonuglarmma goére, Tirkiye
genelinde tarim topraklarinin molibden igerigi diisiik
diizeyde bulunmustur. Bu bulgu, Kirikhan-Reyhanh
alanindaki topraklarin molibden icerigi bulgulariyla uyumlu
goriinmektedir.

3.3. Alinabilir Molibden igerigi ile Diger Bazi Toprak Agwr
Metal Ozellikleri Arasindaki Iliskiler

Aragtirma konusu topraklarin agir metal igerikleri ile
almabilir molibden arasindaki iliskiler Tablo 3’de
verilmistir. Tablonun incelenmesinden de anlasilacag: gibi
topraklarmn Mo ile Co (r: 0.11*; Sekil 2) ve Ni (r: 0.25%;
Sekil 3) igerikleri arasinda pozitif 6nemli iligkiler belirlenir
iken Mo ile Cr ( r: -0.03*; Sekil 4) igerikleri arasinda ise
negatif Onemli iliski belirlenmistir.  Ayn1  bolge
topraklarinda yaptiklari ¢alismada, Yal¢in ve Cimrin (2019)
Kirikhan-Reyhanli ¢ayir mera topraklarmin Ni ve Co
yoniinden pozitif korelasyon gosterdigini belirleyerek
benzer sonuglar ortaya koymuslardir. Yu ve ark. (2018)
tarafindan yapilan bir ¢alisma, Mo, Co, Ni ve Cr gibi
elementlerin topraklardaki iligkilerini incelemigtir. Bu
calisma, Mo'nin Co ve Ni ile pozitif korelasyon gosterdigini
ve Cr ile negatif korelasyon gosterdigini bulmustur. Bu
bulgular, Kirikhan-Reyhanli boélgesindeki topraklarin
element  igerikleri  arasindaki iligkilerle  uyumlu
goriinmektedir. Ayrica topraklarin Cd igerigi ile Co (r:
0.57***) ve Ni (r: 0.53***) igerikleri arasinda oldukga
onemli pozitif iliskiler belirlenmistir. Arikan ve ark. (2019)
tarafindan yapilan bir ¢aligma, tarim topraklarinda Cd ile Co
ve Ni arasinda pozitif iliskiler oldugunu gostermistir. Bu
bulgular, verilerin bu c¢aligmadaki sonuglarla uyumlu
oldugunu goéstermektedir. Topraklarin Co igerigi ile Ni (r:
0.53***) jcerigi arasinda pozitif 6nemli iligki belirlenirken
Co igerigi ile Fe (r: -0.27*) igerigi arasinda ise negatif
O6nemli iliski belirlenmistir. Karaca ve ark. (2020)
tarafindan yapilan bir ¢aligma, tarim topraklarinda Co ile Ni
arasinda pozitif iligkiler ve Co ile Fe arasinda negatif
iligkiler oldugunu gostermistir. Bu bulgular, verilerin bu
calismadaki sonuglarla uyumlu oldugunu gostermektedir.
Bununla birlikte Cu igerigi ile Fe (r: 0.44**%*) icerigi
arasinda 6nemli pozitif iliskiye belirlenmistir. Canl ve ark.
(2020) tarafindan yapilan bir ¢alisma, tarim topraklarinda
Cu ile Fe arasinda pozitif bir iligki oldugunu gdstermistir.
Bu bulgu, verilerin bu ¢alismadaki sonuglarla uyumlu
oldugunu gostermektedir.
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Tablo 3. Kirikhan-Reyhanli bolgesi tarim topraklarmin molibden ile bazi toprak agir metal igerikleri arasindaki korelasyon katsayilar (r)

Mo Cd Co Cr Ni Cu
mg/kg mg/kg mg/kg mg/kg mg/kg mg/kg

Cd mg/kg 0.16

Co mg/kg 0.11* 0.36%**

Cr mg/kg -0.03* -0.01 0.07

Ni mg/kg 0.25* 0.53*** 0.53*=** 0.01

Cu mg/kg 0.03 -0.15 -0.13 0.18 -0.10

Fe mg/kg -0.06 -0.03 -0.27* -0.05 -0.11 0.44%***

* 0.05 duzeyinde 6nemli, *** 0.001 duzeyinde 6nemli

Co (mg/kg)

Cr (mg/kg)
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0.000300

0.000250
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Sekil 2. Toprak 6neklerinin yarayigsl Mo ile Co igerikleri arasindaki iliski

y =-0,0497x + 4E-05
r*=-0,03*
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Sekil 3. Toprak oneklerinin yarayiglt Mo ile Cr igerikleri arasindaki iligki
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y =12687x + 1,3459
r?=0,25%
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Mo (mg/kg)

Sekil 4. Toprak oneklerinin yarayisli Mo ile Ni igerikleri arasindaki iliski

4.Sonug¢

Hatay ili Kirikhan-Reyhanli bolgesi tarim topraklarinin
yarayisli molibden durumu incelenmis ve topraktaki bazi
agir metal igerikleriyle iliskisi belirlenmeye c¢alistlmistir.
Bu goriis dogrultusunda, aragtirma sonucunda elde edilen
Kirtkhan-Reyhanli  tarim  topraklari  orneklerine — ait
degerlerin Tirkiye ve Diinya’da toprakta izin verilen agir
metal simir degerleri ile karsilastirildiginda; calisma alani
topraklarinda agir metal birikiminin kabul edilebilir sinir
degeri igerisinde oldugu goriilmiistiir. Bu calisma bize
gostermigtir  ki; topraklardaki tarimsal ve endiistriyel
faaliyetlerin neden oldugu agir metal kirliliginin 6zellikle
insanlarin saglig1 agisindan meydana getirebilecegi zararin
en diigiik seviyede oldugu goriilmiistiir. Arastirma bolgesi
tarim topraklarinin insan ve hayvan sagligi agisindan zararl
seviyelerde bulunmayan agir metal igeriklerinin sinir
degerlerin iizerine ¢ikmamasi igin gerekli tedbirlerin bir an
once alinmasi oldukca onemlidir. Ozellikle ¢alisma alani
tarim topraklarina yakin bulunan sanayi ve endiistri
alanlarinda yer alan isletmelerin ve fabrikalarin ¢ok siki
sekilde denetlenmesi kaginilmaz bir sonugtur.
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Abstract: This article is based on Geometridae species collected from Ardahan, Bayburt, Erzincan, Erzurum, Gumushane and
Kars provinces in Turkiye in 2021. Geometridae species were collected using insect net and light traps. All collected samples were
prepared and diagnosed in the laboratory. As a result, 4 subfamilies, 23 genera and 27 species were determined. Photos of all
diagnosed species and material examined were presented. In addition, 7 from Ardahan, 8 from Bayburt, 5 from Erzincan, 5 from
Erzurum, 8 from Giimiishane and 3 from Kars were determined for the first time in this study Geometridae species.
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1. Introduction

This study depends on Geometridae species which were
collected from the eastern north east provinces of Tiirkiye
in the summer of 2021 (Ardahan, Bayburt, Erzincan,
Erzurum, Giimiishane, Kars).

Adult period, it feeds on water and pollen and thus helps
pollination. However, since the larva feeds on the green
parts and fruits of the lice, it damages the plants.
Geometridae species are known to damage low-rise plants,
forest trees, and cultivated plants (Koyuncu and Kiitiik
2020).

In terms of the number of species in the Lepidoptera order,
the second most crowded family is Geometridae. The
Geometridae family is represented by more than 23,000
species in the world (Scoble and Hausmann 2007), 988 in
Europe (Hausmann et al. 2007), and 687 species in Tiirkiye
(Kogak and Kemal 2018).

This study aimed to contribute to the distribution of
Geometridae in Tirkiye. and as a result, four subfamilies,
23 genera and 27 Geometridae species were determined.

2. Materials and Method

Geometridae species were collected from the eastern north
east provinces in the summer of 2021 (Figure 1). Insect net
was used for Diurnal Geometridae species and a curtain
light trap was used for nocturnal species. Obtained adult
species were taken into the killing jar and the deceased
species were deposited with their label information.

© EJBCS. All rights reserved.
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Fig. 1. Research area of collected specimens.

Fresh adult species were prepared in the laboratory. Dry
species were relaxed according to Koyuncu and Kiitiik 2022
and then prepared. Labelling and diagnosis were made for
all of the prepared species. Also genital preparations of all
species were made for diagnosis. Species were diagnosed
using following literatures: Hausmann 2001: Mironov
2003; Hausmann 2004; Redondo at al. 2009; Leraut 2009;
Hausmann and Viidalepp 2012; Skou and Sihvonen 2015;
Miiller at al. 2019;, Koyuncu and Kiitiik 2021.

3. Results

This article presents new contributions to the fauna of the
eastern north east provinces of Tiirkiye. As a result of the
study, 4 subfamilies, 23 genera and 27 species were
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determined (Table 1). Photographs of all species (Figure B),
reviewed material and individual numbers were presented.
All species listed alphabetical order.

Table 1. List of Geometridae Species

Subfamily Genus Species
Ennominae Alcis Alcis repandata
L Chiasmia
Chiasmia clathrata
Cabera Cabera pusaria
Ematurga Ematurga
atomaria
Isturgia Isturgia
murinaria
Macaria Macaria notata
Geometrinae | Aplasta Aplasta ononaria
Thalera Thalera fimbrialis
Thetidia Thetidia
smaragdaria
Larentiinae Aplocera Aplocera
annexata
Camptogramma | Camptogramma
bilineata
Epirrhoe Epirrhoe
alternata
Odezia Odezia atrata
Philereme Philereme
transversata
Schistostege Schistostege
nubilaria
Scotopteryx Scotopteryx
chenopodiata
Thera Thera obeliscata
Triphosa Triphosa taochata
Sterrhinae Cleta Cleta filacearia
Idaea aureolaria
Idaea aversata
Idaea Idaea ochrata
Idaea rufaria
Idaea rusticata
Lythria Lythria
purpuraria
Rhodostrophia Rhodostrophia
auctata
Scopula Scopula decorata

Alcis repandata (Linnaeus, 1758) Fig. 2-1

Material examined: 13, 19, Ardahan, Center, Universty

Campus,, 41°07'35 N, 42°47'00 E, 1941m, 10.07.2021.

Aplasta ononaria (Fuessly, 1783) Fig. 2-2

Eurasian J Bio Chem Sci, 6(2):73-76, 2023

Material examined: 33'J, Erzincan, Refahiye, Center,
39°53'47 N, 38°51'53 E, 1686m, 07.07.2021; 143,
Giimiishane Ahmetli, 39°52'25 N, 39°20'54 E, 2045m,
08.07.2021. 18, Erzurum, Center, Karagdbek, 40°09'29
N, 41°25'58 E, 1997m, 09.07.2021.

Aplocera annexata (Freyer, 1830) Fig. 2-3
Material examined: 399, Bayburt, Kop Mountain,
Sehitlik, 40°01'56 N, 40°30'57 E, 2433m, 08.07.2021.

Cabera pusaria (Linnaeus, 1758) Fig. 2-4

Material examined: 15, Bayburt, Kop Mountain, Sehitlik,
40°01'56 N, 40°30'57 E, 2433m, 08.07.2021. 12,
Erzurum, Center, Karagébek, 40°09'29 N, 41°25'58 E,
1997m, 09.07.2021; 24&, Pasinler, Center, 39°58'40 N,
41°37'35 E, 1630m, 11.07.2021. 333, 12, Giimiishane,
Center, Cimenli, 38°57'12 N, 39°24'40 E, 1722m,
08.07.2021.

Camptogramma bilineata (Linnaeus, 1758) Fig. 2-5
Material examined: 433, 59 Q, Erzurum, Oltu, Tahtakéy,
40°39'55 N, 42°22'29 E, 1339m, 09.07.2021; 584,
Pasinler, Center, 39°58'40 N, 41°37'35 E, 1630m,
11.07.2021. 13, Giimiishane, Center, Cimenli, 38°57'12
N, 39°24'40 E, 1722m, 08.07.2021.

Chiasmia clathrata (Linnaeus, 1758) Fig. 2-6
Material examined: 2383, Ardahan, Center, Universty
Campus,, 41°07'35 N, 42°47'00 E, 1941m, 10.07.2021.

Cleta filacearia (Herrich-Schiffer, 1847) Fig. 2-7
Material examined: 733, 399, Bayburt, Kop Mountain,
Sehitlik, 40°01'56 N, 40°30'57 E, 2433m, 08.07.2021.

Ematurga atomaria (Linnaeus, 1758) Fig. 2-8
Material examined: 233, Erzincan, Refahiye, Arpayazi,
39°49'51 N, 38°44'50 E, 1880m, 07.07.2021.

Epirrhoe alternata (Miiller, 1764) Fig. 2-9
Material examined: 1, 19, Bayburt, Kop Mountain,
Sehitlik, 40°01'56 N, 40°30'57 E, 2433m, 08.07.2021.

Idaea aureolaria (Denis & Schiffermiiller, 1775) Fig. 2-10
Material examined: 1&, Ardahan, Center, Camlicatak,
41°05'35 N, 42°49'05 E, 2034m, 10.07.2021.

Idaea aversata (Linnaeus, 1758) Fig. 2-11
Material examined: 23, Giimiishane, Center, Cimenli,
38°57'12 N, 39°24'40 E, 1722m, 08.07.2021.

Idaea ochrata (Scopoli, 1763) Fig. 2-12

Material examined: 4 &&, Bayburt, Center, 40°05'26 N,
39°43'11 E, 1774m, 08.07.2021; 24&, Kop Mountain,
Sehitlik, 40°01'56 N, 40°30'57 E, 2433m, 08.07.2021.
383, 19, Erzincan, Refahiye, Arpayazi, 39°49'51 N,
38°44'50 E, 1880m, 07.07.2021; 299, Refahiye, Center,
39°53'47 N, 38°51'53 E, 1686m, 07.07.2021. 2343,
Giimiishane, Center, Cimenli, 38°57'12 N, 39°24'40 E,
1722m, 08.07.2021. 334, 222, Kars, Susuz, Kirkpinar,
42°52'06 N, 43°01'33 E, 2157m, 10.07.2021.
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Fig. 2. Geometridae species: 1. Alcis repandata, 2. Aplasta
ononaria,3. Aplocera annexata, 4. Cabera pusaria,
5. Camptogramma bilineata, 6. Chiasmia clathrata, 7. Cleta
filacearia, 8. Ematurga atomaria, 9. Epirrhoe alternata, 10. Idaea
aureolaria, 11. 1. aversata, 12. |. ochrata, 13. I. rufaria, 14. 1.
rusticata, 15. Isturgia murinaria, 16. Lythria purpuraria, 17.
Macaria notata, 18. Odezia atrata, 19. Philereme transversata,
20. Rhodostrophia auctata, 21. Schistostege nubilaria,
22. Scopula decorata, 23. Scotopteryx chenopodiata, 24. Thalera
fimbrialis, 25. Thera obeliscata, 26. Thetidia smaragdaria,
27. Triphosa taochata. (Scale bar: 1cm)

Idaea rufaria (Hiibner, [1799]) Fig. 2-13

Material examined: 1%, Ardahan, Center, Camlicatak,
41°05'35 N, 42°49'05 E, 2034m, 10.07.2021. 14,
Erzincan, Gluimiishane Ahmetli, 39°52'25 N, 39°20'54 E,
2045m, 08.07.2021. 1&, Giimiishane, Center, Cimenli,
38°57'12 N, 39°24'40 E, 1722m, 08.07.2021.
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ldaea rusticata (Denis & Schiffermiiller, 1775) Fig. 2-14
Material examined: 299, Erzurum, Oltu, Tahtakoy,
40°39'55 N, 42°22'29 E, 1339m, 09.07.2021. 34,
Giimiishane, Center, Cimenli, 38°57'12 N, 39°24'40 E,
1722m, 08.07.2021.

Isturgia murinaria ([Denis & Schiffermiiller], 1775) Fig.
2-15

Material examined: 19, Bayburt, Kop Mountain, Sehitlik,
40°01'56 N, 40°30'57 E, 2433m, 08.07.2021. 14,
Erzurum, Center, Karagobek, 40°09'29 N, 41°25'58 E,
1997m, 09.07.2021.

Lythria purpuraria (Linnaeus, 1758) Fig. 2-16

Material examined: 433, Ardahan, Center, Universty
Campus,, 41°08'01 N, 42°46'45 E, 1966m, 10.07.2021; 13,
Center, Camligatak, 41°05'35 N, 42°49'05 E, 2034m,
10.07.2021. 13, Erzurum, Pasinler, Ugiimii, 39°59'20 N,
40°43'49 E, 1689m, 11.07.2021. 14, Giimiishane, Center,
Cimenli, 38°57'12 N, 39°24'40 E, 1722m, 08.07.2021.
643, 299, Kars, Susuz, Kirkpinar, 42°52'06 N, 43°01'33
E, 2157m, 10.07.2021.

Macaria notata (Linnaeus, 1758) Fig. 2-17
Material examined: 283, Ardahan, Center, Universty
Campus,, 41°07'35 N, 42°47'00 E, 1941m, 10.07.2021.

Odezia atrata (Linnaeus, 1758) Fig. 2-18
Material examined: 533, 42 Q, Bayburt, Kop Mountain,
Sehitlik, 40°01'56 N, 40°30'57 E, 2433m, 08.07.2021.

Philereme transversata (Hufnagel, 1767) ) Fig. 2-19
Material examined: 28J, Ardahan, Center, Universty
Campus,, 41°07'35 N, 42°47'00 E, 1941m, 10.07.2021

Rhodostrophia auctata Staudinger, 1887 Fig. 2-20
Material examined: 13, Erzincan, Giimiishane Ahmetli,
39°52'25 N, 39°20'54 E, 2045m, 08.07.2021. 234,
Bayburt, Kop Mountain, Sehitlik, 40°01'56 N, 40°30'57 E,
2433m, 08.07.2021.

Schistostege nubilaria (Hiibner, 1799) Fig. 2-21
Material examined: 633, 299, Kars, Susuz, Kirkpinar,
42°52'06 N, 43°01'33 E, 2157m, 10.07.2021.

Scopula decorata (Denis & Schiffermiiller, 1775) Fig. 2-
22

Material examined: 24'J, Bayburt, Kop Mountain,
Sehitlik, 40°01'56 N, 40°30'57 E, 2433m, 08.07.2021.

Scotopteryx chenopodiata (Linnaeus, 1758) Fig. 2-23
Material examined: 1133, 729, Ardahan, Center,
Universty Campus,, 41°07'35 N, 42°47'00 E, 1941m,
10.07.2021.

Thalera fimbrialis (Scopoli, 1763) Fig. 2-24

Material examined: 23, Erzincan, ilig, Bozgali, 39°42'58
N, 38°36'37 E, 1400m, 07.07.2021. 23&, Erzurum,
Pasinler, Ugiimii, 39°59'20 N, 40°43'49 E, 1689m,
11.07.2021. 13, Giimiishane, Center, Cimenli, 38°57'12
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N, 39°24'40 E, 1722m, 08.07.2021. 1J, Kars, Susuz,
Kirkpinar, 42°52'06 N, 43°01'33 E, 2157m, 10.07.2021.

Thera obeliscata (Hiibner, 1787) Fig. 2-25
Material examined: 2383, Ardahan, Center, Universty
Campus,, 41°07'35 N, 42°47'00 E, 1941m, 10.07.2021.

Thetidia smaragdaria (Fabricius, 1787) Fig. 2-26
Material examined: 24J, Bayburt, Kop Mountain,
Sehitlik, 40°01'56 N, 40°30'57 E, 2433m, 08.07.2021.

Triphosa taochata Lederer, 1870 Fig. 2-27
Material examined: 283, Ardahan, Center, Universty
Campus,, 41°07°'35 N, 42°47'00 E, 1941m, 10.07.2021.

4. Discussion

According to the literatures, some Geometridae species
reported previously from the eastern north east provinces
(Kogak ve Kemal 2018). There were reported 51 species
from Ardahan, 15 from Bayburt, 26 from Erzincan, 70 from
Erzurum, 27 from Giimiishane and 59 from Kars.

In this article, 10 species were determined from Ardahan
province, 7 of which were reported for the first time (Idaea
aureolaria, ldaea rufaria, Lythria purpuraria, Macaria
notata, Philereme transversata, Thera obeliscata

Triphosa taochata). 10 species were determined from
Bayburt province, 8 of which were reported for the first time
(Cabera pusaria, Cleta filacearia, Epirrhoe alternata,
Idaea ochrata, Isturgia murinaria, Odezia atrata, Scopula
decorata, Thetidia smaragdaria) in this study. 6 species
were determined from Erzincan province, 5 of which were
reported for the first time (Aplasta ononaria, Ematurga
atomaria, ldaea ochrata, ldaea rufaria, Thalera fimbrialis)
in this study. 7 species were determined from Erzurum
province, 6 of which were reported for the first time
(Aplasta ononaria, Cabera pusaria, Camptogramma
bilineata, Isturgia murinaria, Lythria purpuraria, Thalera
fimbrialis) in this study. 8 species were determined from
Giimiighane province, 8 of which were reported for the first
time (Cabera pusaria, Camptogramma bilineata, ldaea
aversata, ldaea ochrata, Idaea rufaria, ldaea rusticata,
Lythria purpuraria, Thalera fimbrialis) in this study. 4
species were determined from Kars province, 3 of which
were reported for the first time (ldaea ochrata, Lythria
purpuraria, Thalera fimbrialis) in this study (Table 2).

The order of insects has a wide distribution worldwide and
is essential both ecologically and agriculturally. Thus, it is
thought that faunistic studies on insects should be increased
and agriculturally damaging species should be determined
in our country. In addition, this study provides new faunistic
contribution for Geometridae fauna of Tiirkiye.
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Table 2. Distribution of Geometridae species in provinces

eometridae Species | Determin | New Species
species count ed record | count after
before | species in for this study
Provinces this study | this study | provinc
es
Ardahan 51 10 7 58
Bayburt 15 10 8 23
Erzincan 26 6 5 31
Erzurum 70 7 6 75
Glimiishane 27 8 8 35
Kars 59 4 3 62
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Peroxidase mimicking activity of macroporous carbon
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Abstract: This study looked into the peroxidase-like activity of macroporous carbon produced using a silica template. Macroporous
carbon's nanozyme activity was compared to that of commercial graphene oxide. The macroporous microstructure of carbon was
visible in the field emission scanning electron microscopy image. By catalytically oxidizing the chromogenic substrate 2,2'-azino-
bis(3-ethylbenzothiazoline-6-sulfonic acid (ABTS) in the presence of hydrogen peroxide, the nanozyme activity was investigated.
The oxidized form of ABTS, which has a green color, can be seen by the eye. The synthetic macroporous carbon developed a green
hue without functionalization or enzyme use, indicating peroxidase activity. This is likely because of the enormous surface area
and numerous active sites that are present on the surface. As active sites, the oxygen-containing functional groups created during
carbonization can be crucial to the peroxidase-mimicking action.

Keywords: Nanozyme, Carbonaceous material, ABTS, Peroxidase-like activity, Sustainability

Makro gozenekli karbonun peroksidaz mimik aktivitesi

Ozet: Bu ¢alismada, silika sablonu kullanilarak iiretilen makro gozenekli karbonun peroksidaz mimik aktivitesi arastirilmistir.
Makro gozenekli karbonun nanozim aktivitesi, ticari grafen oksit ile karsilastirildi. Karbonun alan emisyon taramali elektron
mikroskobu goriintiisii, makro gozenekli morfolojiyi ortaya ¢ikardi. Nanozim aktivitesi, kromojenik substrat 2,2'-azino-bis(3-
etilbenzotiazolin-6-siilfonik asidin (ABTS) hidrojen peroksit varliginda katalitik oksidasyonu yoluyla incelenmistir ve yesil renkli
ABTS'nin oksitlenmis formu gézle goriilebilecek sekilde olustu. Islevsellestirme ve enzim kullamimi olmadan, elde edilen makro
gbzenekli karbon yesil renk gelisimi gosterdi, bu da muhtemelen genis yiizey alani ve dolayisiyla yiizeyde bulunan bol miktarda
aktif bolge nedeniyle peroksidaz aktivitesini gosteriyor. Karbonizasyon sirasinda olusan oksijen igeren fonksiyonel gruplar, aktif
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bolgeler olarak davranabilir ve peroksidazi taklit eden aktivitede ¢ok 6nemli bir rol oynayabilir.

Anahtar Kelimeler: Nanozim, karbonlu malzeme, ABTS, peroksidaz mimik aktivite, siirdiiriilebilirlik

1. Introduction

Enzymes have been extensively utilized owing to their
efficient and specific catalytic activity on substrates under
mild conditions (Hanefeld et al. 2013). However, some
inherent problems with enzymes exist, such as expensive
purification and poor working and storage stability (Q.
Wang et al. 2021). They are also sensitive to pH,
temperature, ionic strength, surfactants, and organic
solvents, and their broad use is hampered by proteases'
digestion (Wu et al. 2020). Since the exciting discovery of
FesOs MNPs with peroxidase-like activity in 2007(Gao et
al. 2007), researchers have paid much attention to
researching effective artificial enzymes "nanozymes" with
intrinsic enzyme-like activities, to solve these problems (Q.
Wang et al. 2018). Due to their impressive advantages,
nanozymes have been at the forefront as a potential

© EJBCS. All rights reserved.

substitute to help with analyte detection (Ren et al. 2022).
These include satisfying catalytic activity, high medium
resistance, easy surface modification, cheap cost, and
simple manufacturing (Liang and Yan 2019). However,
unlike enzymes, nanozymes could not catalyze one
substrate with high selectivity(Robert and Meunier, 2022).
One possible challenging will be increasing the asymmetric
selectivity of nanozymes (Yang et al. 2021). To date,
morphology, heterogeneous atomic doping, particle size
adjustment, and surface modification have all been used to
modify the catalytic activity and selectivity of nanozymes
(Jiang et al. 2019). The increased activity is a result of the
bigger surface area exposing more active sites and the
preferential exposure of catalytically active atoms. Surface
defects including ledges, adatoms, vacancies, and Kkinks
strongly attract substrates because they are coordinatively
unsaturated reactive sites (Wang et al. 2016).
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2. Materials and Method

Graphene oxide (GO), sucrose, tetraethyl orthosilicate
(TEOS), 25% ammonia solution, hydrofluoric acid, 98%
sulfuric acid, and absolute ethanol were purchased from
Sigma-Aldrich.  2,2'-azino-bis(3-ethylbenzothiazoline-6-
sulfonic acid (ABTS) was purchased from Roche
Diagnostics (Germany). Hydrogen peroxide solution (30%)
was purchased from Merck. Acetate buffer solution (ABS)
was prepared using glacial acetic acid (Merck) and sodium
acetate (Sigma-Aldrich).

2.1. Preparation of SiO. Templates

SiO; (silica) NPs were synthesized via the classical Stober
Method (Han et al. 2017). Briefly, 1 mL of TEOS, 50 mL
of ethanol, 1 mL of DW, and 5 mL of ammonia solution
were magnetically stirred in a flask at 250 rpm and 25 °C in
a water bath. After 6 h, SiO, NPs were purified by twice
centrifugation at 10000 rpm for 20 min. The sedimented
SiO2 NPs were resuspended in ethanol (Figure 1), and the
suspension was evaporated in an oven at 70 °C to obtain
templates (Figure 2).

2.2. Preparation of Macroporous Carbon

The precursor of carbonaceous material contains 1.4 g of
sucrose, 3.2 mL of deionized water, 14 mL of ethanol, and
40 uL of 98% sulfuric acid. The infiltration was carried
under the vacuum by dropping carbon precursor solution
onto the silica template at room temperature. The
infiltration was repeated several times to fill the voids of the
silica template. The sucrose-soaked templates were heated
at 160 °C for 5 h in the air for the carbonization of sucrose
catalyzed by sulfuric acid and annealed. Macroporous
carbon was left behind by etching away silica templates
with 4% HF solution overnight.

2.3. Peroxidase-like Activity Measurements

2.5 mL of 0.4 mM ABTS solutions were prepared in 100
mM ABS pH 3.8 with 4 mg of macroporous carbon. 30 uL.
of hydrogen peroxide (30%) was added to the above mixture
and incubated for 10 min at room temperature. Then,
macroporous carbon was removed from the reaction
medium, and the absorbance spectra were recorded.

2.4. Characterization

The morphological features of nanozyme components were
characterized by field emission scanning electron
microscopy (FESEM) recorded on an FEI Quanta FEG 450.
UV visible (UV-Vis) absorbance spectra were recorded
using a Shimadzu UV-2600 spectrophotometer at 200-800
nm. The particle size distribution of silica NPs was obtained
on a Nano Plus (Micromeritics). The functional group
investigation of the nanocomposites was carried out by
Perkin Elmer Fourier transform infrared (FTIR)
Spectrometer (Spectrum Two).
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3. Results
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Fig. 3 FESEM Image of Macroporous Carbon
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4. Discussion

Carbon-based materials with enzyme-like activity have
garnered great attention by researchers. Hitherto, numerous
carbon-based nanozymes, including graphene oxide (Wang
et al. 2020), carbon nanotubes (H. Wang et al. 2018),
fullerenes (Hong et al. 2022), graphene quantum dots(Devi
et al. 2021), and carbonaceous metal organic
frameworks(Zhao et al. 2022), have been manufactured to
investigate enzyme-mimicking activities. Carbon-based
nanozymes, in contrast to natural enzymes, exhibit
considerable potential in biomedical applications due to
their plentiful active sites, outstanding stability, and good
biological safety (X. Wang et al. 2021). In this context, low-
cost carbonaceous nanozyme manufacturing is of great
significance for the catalytic applications. This study
reported the fabrication of an efficient carbon-based
nanozyme as a peroxidase substitute.

Particle size distribution of silica NPs was exhibited in
Figure 1. The average diameter of silica NPs was found to
be 398 nm with a narrow particle distribution value. Figure
2 shows the opalescence of silica NPs deposition owing to
its opal photonic crystal behavior.

The FESEM image of carbon material revealed a porous
morphology, which implies abundant active sites (Chen et
al. 2020) (Figure 3). Up to now, carbonaceous materials
have mirrored peroxidase, oxidase, superoxide dismutase
and catalase-like activities (Sun et al. 2018). Depending on
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their morphology and active groups, the enzyme mimicking
activities have been found to change. Fullerenes with ball-
shape morphology display SOD-like activity, while
graphene oxide with leaf-like morphology mostly displayed
substantial peroxidase mimicking activity.

Peroxidase mimicking activities were investigated using
chromogenic substrate ABTS in the presence of hydrogen
peroxide (Figure 4). Graphene oxide is a well-known
peroxidase-like nanozyme in the literature owing to its
carboxyl groups, which play a crucial role in the catalytic
oxidation of chromogenic substrates in hydrogen peroxide
containing solution (Song et al. 2010). Commercial
graphene oxide revealed peroxidase-like activity that can
oxidase ABTS in the presence of H,O, by producing a
green-colored product. On the other hand, the macroporous
carbon has also demonstrated peroxidase-mimicking
activity, although it led to less absorbance intensity than
graphene oxide. At the absorbance wavelength of 646 nm,
the fabricated carbon showed half the absorbance intensity
generated by graphene oxide (Figure 4). FTIR analysis
revealed the existence of O-H (3395 cm™) and C=0 (1720
cm?) functional groups (Cakiroglu et al. 2018), implying
that carboxyl groups are introduced on the microporous
carbon during carbonization (Figure 5). The peroxidase-like
catalytic activity of carbon can be attributed to the carboxyl
groups (-COOH) on the surface (Wang et al. 2020).
According to the literature, the reaction mechanism of
peroxidase mimicking activity was realized by reduction of
hydrogen peroxide on carboxylic acid moiety with the
concomitant oxidation of ABTS, as can be seen in the
equations below (Lin et al. 2019).

H202+ ABTS — 2 H20 + oxABTS

Herein, radicals are probably formed during nanozyme
catalysis, and these radicals can facilitate the oxidation of
ABTS on the active sites of carbonaceous material (X.
Wang et al. 2021).

Thus, it is confirmed in this study that oxygen containing
functional groups on carbonaceous material are responsible
for the chromogenic substrate oxidation in the presence of
hydrogen peroxide.

5. Conclusion

In this study, a macroporous carbon was reported for
peroxidase-mimicking activity. Its peroxidase-like activity
was examined in the presence of a chromogenic substrate
ABTS. Carbon material was synthesized with favorable
morphology for reactants and products. The rational design
of material grants access to abundant catalytically active
sites and enhances the catalytic activity. This study may find
its unique niche in the sensor area as a biomimic peroxidase
for hydrogen peroxide monitoring.
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Abstract: Free diving is a popular sport because there are many features of free diving such as sustainability, eco-friendly and
challenges to nature. Due to increased interest on this sport in recent years, the number of competitions is also increasing gradually.
On the other hand, the scientific reports on the understanding of breath-holding mechanisms and metabolism are still unclear. To
provide contributions on this phenomenon, glutathione peroxidase (GPX) was selected as a model enzyme because of its critical
importance in breath-holding. The GPX enzymes from human and free diving animals were compared by using bioinformatics
tools such as ProtParam, Swiss-Model, Clustal Omega and the results are discussed in the present paper. In conclusion, the specific
amino acid sequences can be considered in the selection of elite free divers for international competitions to get the best results.
However, it should be noted that special training methods should also be applied to have better breath-holding capacities.
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1. Introduction

Free diving is a physical exercise based on breath-holding
under the water without a SCUBA apparatus. Free diving
for air-breathing vertebrates requires important adaptations
such as overcoming increasing pressure under the water,
decreased visibility, and temperature of the water. Mankind
has long been interested in free diving due to many purposes
such as hunting, military purposes or sports. There are many
different sports disciplines nowadays such as spearfishing,
underwater hockey, underwater rugby, synchronized
swimming and apnea which require strong breath-holding
capacity. The athletes under these disciplines always search
for alternative techniques to develop their breath-holding
capacities. Unfortunately, very limited information exists in
the scientific literature for the techniques to develop breath-
holding time. There are only seven papers when the
keyword “free diver” is searched in Pubmed on 15.02.2023
(Wilkinson, 2009; loannidis et al., 2015; Cormack et al.,
2017; Rich et al.,2019; Bart and Lau, 2021; Annen et al.,
2021; Scott et al., 2021). Since there is a great need for
scientific studies on increasing the breath-holding capacity,
we wanted to propose sample and basic bioinformatics
based selection for suitable athletes for international
competitions organized by international federations such as

© EJBCS. All rights reserved.

Confédération Mondiale des Activités Subaquatiques
(CMAS).

In silico techniques in biology provide important
contributions for life sciences such as medicine,
biochemistry, molecular biology, and genetics. The tools
developed under bioinformatics are now a necessary part of
analyzing bio-based data such as protein and DNA
sequences. After the completion of human genome project,
many different tools have so far been developed to evaluate
the big data in the life sciences. The data banks on protein
and DNA sequences provide big contributions for
understanding of biological phenomena in various
dimensions. From this perspective, important metabolism-
based features from well-adapted animals can be extracted
to be used in the selection of best athletes. Glutathione
peroxidase-1 (hereafter GPX-1) was selected as a model
enzyme due to its vital importance for the protection of
hemoglobin in free diving (Rousseau et al., 2002). GPX-1
has a special role in the decomposition of hydrogen
peroxide and lipid hydroperoxide in the metabolism. Since
GPX-1 is an important enzyme oxygen metabolism, we
wanted to compare the structure of GPX-1 in human and
breath-holding animals. Moreover, GPX-1 sequences can
also be available for well-adapted breath-holding animals in
ocean ecosystems to compare with human GPX-1. These
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species are Delphinapterus leucas, Physeter
macrocephalus, Balaenoptera acutorostrata scammoni,
Callorhinus  ursinus,  Neomonachus schauinslandi,
Leptonychotes  weddellii,  Zalophus californianus,
Neophocaena asiaeorientalis asiaeorientalis, Lipotes
vexillifer and, Tursiops truncatus. These animals have
significantly higher breath-holding times compared to
Homo sapiens. Therefore, in this study, it is aimed to
compare GPX enzymes from human and breath-holding
animals by using bioinformatics tools.

2. Materials and Method
2.1 Retrieval of GPX-1 Enzyme sequences

Total of 11 GPX-1 enzyme sequences belonging to different
species were retrieved from UniProt which is publicly
available at (http://www.uniprot.org) (Uniprot Consortium,
2021). Accession IDs of the related enzymes are listed in
Table 1.

2.2 Multiple sequence alignment

The GPX-1 enzyme sequences in Table 1 are aligned by
using Clustal Omega (Sievers et al., 2011). Multiple
sequence alignment of the GPX-1 enzymes is shown in
Figure 1.

2.3 Construction of phylogenetic tree

Phylogenetic tree is constructed by using the using Clustal
omega (Sievers et al., 2011).

2.4 Amino acid composition and protein parameters of
GPX-1 enzymes

ProtParam tool (Gasteiger et al., 2005) is used for analysis
of amino acid compositions and chemical properties such as
pl, net charge, instability index of the related enzymes.
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2.5 3-Dimensional modeling of GPX-1

3-D models of the GPX-1 enzyme belonging to different
species are constructed by using Swiss-Model protein
structure homology-modelling server (Waterhouse et al.,
2018; Studer et al., 2020).

3. Results
3.1 GPX-1 protein retrieval

Sports informatics may provide important contributions to
sports science. In this study, we compared amino acid
sequences of the GPX-1 enzymes from free diving animals
including human. The accession IDs of GPX-1 enzyme,
length, and the name of the organisms are given in Table 1.

3.2 Multiple sequence alignment of the selected proteins

Multiple sequence analysis of the studied enzymes is
compared in Figure 1. The sequence belonging to Physeter
macrocephalus is removed because of the incompleteness
of the sequence. Regardless of this species, the amino acid
sequence of the all studied enzymes starts with Met-Cys-
Ala-Ala except for Balaenoptera acutorostrata scammoni.
It could be said that this tetrapeptide must be conserved.
After that there is a gap with 6 amino acid residues. These
residues differ from species to species. The gap in Homo
sapiens is longer than other studied animals. After this gap,
polyalanine residues are generally observed. It is interesting
to note that leucine is one of the amino acids within these
polyalanine residues. Since alanine is a hydrophobic amino
acid, it could be said that these polyalanine residues can be
in the inner region of the GPX-1 enzymes in the study.

Table 1. Accession IDs and length of the retrieved GPX-1 proteins from different species.

Entry name Organism Length
P07203 Homo sapiens (Human) 203
A0A455ATU6  Physeter macrocephalus (Sperm whale) 139
AOA2YIGTM2  Neomonachus schauinslandi (Hawaiian monk seal) 209
A0A2U3Z874  Leptonychotes weddellii (Weddell seal) 209
AO0A341AVW4  Neophocaena asiaeorientalis asiaeorientalis (Yangtze finless porpoise) 206
AOA2YIN3RO  Delphinapterus leucas (Beluga whale) 206
A0A384BFI6 Balaenoptera acutorostrata scammoni (North Pacific minke whale) 238
AOA3Q7RKY4  Callorhinus ursinus (Northern fur seal) 208
A0A340YT112 Lipotes vexillifer (Yangtze river dolphin) 206
AO0AG6J2CTHS Zalophus californiamis (California sea lion) 208
AOA2U3VAH2  Twrsiops truncatus (Atlantic bottle-nosed dolphin) 206
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Fig 1. Multiple sequence alignment results for the GPX-1 enzymes of selected breath-holding animals.
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Fig 2. Phylogenetic tree based on GPX-1 enzymes of the selected aquatic organisms.
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3.3 Phylogenetic tree construction

Phylogenetic relationship was also studied in this paper.
Clustal omega based phylogenetic tree was shown in Figure
2. Tursiops  truncatus, Delphinapterus leucas,
Neophocaena asiaeorientalis asiaeorientalis, and Lipotes
vexillifer are located different clades (Figure 2).

3.4 ProtParam protein composition analysis

Protein parameters of the analyzed enzymes were studied
by using the ProtParam tool (Gasteiger et al., 2005). The
amino acid lengths of the enzymes are revealed in Table 1.
According to the results, the maximum number of amino
acids observed in Balaenoptera acutorostrata scammoni is
238. The minimum length was found to be 139 and it is in
Physeter macrocephalus. The amino acid percentages and
numbers are given in Table 2. The results show that the
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enzymes can be clustered based on maximum amino acid
percentages. The amino acid with maximum percentage is
found for alanin in Homo sapiens, Physeter macrocephalus,
Neomonachus schauinslandi, Leptonychotes weddelliii,
Callorhinus ursinus and Zalophus californianus. On the
other hand, leucine is maximum in Neophocaena

asiaeorientalis asiaeorientalis, Delphinapterus leucas,
Balaenoptera acutorostrata scammon and Lipotes
vexillifer.  ProtParam tool also gives important

characteristics of the proteins such as theoretical pl, total
number of negatively and positively charged residues, net
charges and instability index. The results of these
parameters are tabulated in Table 3. The diving depth and
breath holding capacities of the mammals with apnea ability
are given in Table 4 for comparison. According to Table 4,
Physeter macrocephalus dives the deepest following with
Delphinapterus leucas.

Table 2. Amino acid numbers and percentages in the GPX-1 enzymes in the study.

Home Neomonachus | Leptonychotes | Neophocaena | Delphinapterus | Balaenoptera Callorhinus | Lipotes Zalophus Tursiops
sapiens schauinslandi | weddellii asiaeorientalis | lencas acuforostrata ursinus vexillifer | californianus fruncatns
asiaeorientalis scamirtoni

# % | # % # % # % # % # % # % % | # % # %
Ala(A) |24 | 118 |28 134 26 124 21 10.2 21 102 24 10.1 25 120 1211102 |24 115 21 102
ArgR) |14 |69 |14 6.7 4 167 15 |73 13 17 1.1 14 |67 73 | 14 6.7 15 13
Asn(N) |10 |49 |11 53 11 53 11 53 53 11 46 10 |48 53 |10 48 11 53
Asp) |8 |39 |7 33 8 3.8 9 44 9 44 9 3.8 9 4.3 44 |8 3.8 9 44
Cys(C) |5 25 |4 1.9 4 1.9 6 2.9 6 2.9 1 2.9 4 1.9 6 [29 |4 1.9 6 2.9
GlnQ) |7 |34 |6 29 6 29 6 2.9 6 29 1 29 6 29 6 |29 |6 29 6 29
GluE) |13 |64 |13 6.2 13 162 13 |63 13 |63 13 5.5 12158 13163 |13 6.2 13 6.3
Gly(G) |17 |84 |16 1.7 16 1.1 16 |78 16 |78 19 8.0 15 |72 1678 |17 8.2 16 7.8
His(H) |2 1.0 |2 1.0 2 1.0 2 1.0 2 1.0 3 1.3 2 1.0 2 |10 |2 1.0 2 1.0
1le(D) 6 130 |7 33 1 33 6 29 6 2.9 6 25 8 3.8 6 [29 |8 3.8 6 2.9
Len() |23 | 113 |22 10.5 22 10.5 22 10.7 22 10.7 26 109 |24 115 |22 107 |22 10.6 22 10.7
LysK) |6 |30 |6 2.9 6 29 1 34 7 34 8 34 6 2.9 7 (34 |6 2.9 7 34
Met(M) | 4 |20 |3 14 3 1.4 4 1.9 4 1.9 5 2.1 3 14 14 |19 |3 14 4 1.9
Phe(F) |11 |54 |12 5.7 12 5.7 12 |58 12 158 12 5.0 11 153 1258 |12 5.8 12 5.8
Pro®) |15 |74 |18 8.6 18 8.6 16 |78 16 |78 20 8.4 18 |87 1678 |18 8.7 16 7.8
Sex(S) 11 |54 113 6.2 13 6.2 10 49 10 |49 16 6.7 14 167 9 [44 |13 6.2 10 49
The(T) |7 |34 |8 38 8 3.8 9 44 9 44 12 5.0 8 3.8 10149 |8 3.8 9 44
TrpW) |2 |10 |2 L0 2 L0 2 1.0 2 L0 2 0.8 2 LO 2 |10 |2 Lo 2 1.0
Tyr(Y) |4 |20 |4 1.9 4 1.9 4 1.9 4 1.9 4 1.7 4 1.9 4 119 [4 1.9 4 1.9
Val(v) |13 |64 |12 5.7 13 6.2 14 |68 14 |68 16 6.7 12 158 14168 |13 6.2 14 6.8
PylO) |0 00 |0 0.0 0 0.0 0 0.0 0 0.0 0 0.0 0 0.0 0 (00 |0 0.0 0 0.0
Sec) |1 |05 |1 0.5 0 0.0 1 0.5 l 0.5 1 0.4 1 0.5 0 (00 |!I 0.5 l 0.5

Table 3. Protein parameters in the GPX-1 enzymes of selected breath-holding animals.
Species #aa  Mw (Kda) Theoretical pI Negatively Charged Positively Charged Net Instability

Residues (Asp+Glu)  Residues (ArgtLys)  Charge  Index

Homo sapiens 203 22088.17  6.15 21 20 -1 47.96
Neomonachus schauinsiandi 209 22566.64  6.74 20 20 0 51.55
Leptonychotes weddellii 209 22600.00 615 21 20 -1 5027
Neophocaena asiaeorientalis asiaeorientalis 206 22651.85  6.73 22 22 0 50.50
Delphinapterus leucas 206 22651.85 673 22 22 0 50.50
Balaenoptera acutorostrata scammoni 238 2584154 850 22 25 13 5178
Callorhinus ursinus 208 22562.69  6.14 21 20 -1 49.55
Lipotes vexillifer 206 22627.16 673 22 22 0 47.10
Zalophus californianns 208 22552.66  6.15 21 20 -1 49.54
Tursiops truncatus 206 22651.85 673 22 22 0 50.50
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Table 4. Reported maximum breath-holding times of the animals in the study.

Organism Breath holding Deep diving  References
time (min) depth (m)
Homo sapiens (Human) 10.45 100 WWW.Cmas.org
Physeter macrocephalus (Sperm <138 <2000 Watkins et al., 1993
whale)
Neomonachus schaiinslandi 20 <550 NOAA fisheries, 2018
(Hawaiian monk seal)
Leptonychotes weddellii (Weddell <70 <600 Kooyman, 1966;
seal) Zaopol et al.,1979
Neophocaena asiaeorientalis 2 20 Bietal, 2015
asiaeorientalis (Yangtze finless
porpoise)
Delphinapterus leucas (Beluga whale) <20 20- 900 Heide-Jorgensen et al.,
1998
Balaenoptera acutorostrata scammoni 9.6 106 Gales et al., 2013
(North Pacific minke whale)
Callorhinus ursinus (Northern fur 5 175 Zeppelin et al., 2019
seal)
Lipotes vexillifer (Yangtze river 5 20 Zhou et al., 1979
dolphin)
Zalophus californicnms (California sea 12 536 Steven et al., 1989
lion)
Tursiops truncatus (Atlantic bottle- 5 450 Leigh et al., 2007

nosed dolphin)

3.5 3-Dimensional modelling of the protein structures

Three-dimensional model of human GPX was modeled by
using the Swiss Model (Figure 3) (Waterhouse et al., 2018;
Studer et al., 2020). Swiss Model created the model by using
the template coded 1gpl.1.A. The sequence identity was
found to be 90.16%. The resolution of the model was given
as 0.2 nm. GMQE and QMEAND:IsCo Global values were
found as 0.89 and 0.90 + 0.05, respectively. In this study,
we also wanted to see 3-D structural differences between
the GPX-1lof Homo sapiens and Tursiops truncatus
(Atlantic bottle-nosed dolphin). We wanted to select
T.truncatus since it can dive greater than 450 m. T.truncatus
was selected in this study since it is one of the common
animals. The complete enzyme sequence for Physeter
macrocephalus does not exist in Uniprot database. The 3-
dimensional structure of T.truncatus was also shown in
Figure 3b. From the Swiss model parameters, it could be
said that the GPX-1enzymes found in these organisms are
quite similar. Due to the high similarities, GPX-1enzymes
are house-keeping enzymes and therefore, highly conserved
sequences among the species. Possible mutations observed
within these sequences may affect the diving times.
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a) Homo sapiens

b) Tursiops truncatus

Fig 3. Swiss-Models of GPX-1 enzymes from Homo sapiens (a)
and Tursiops truncatus (b) (template: 1gpl.1.A).

In protein data bank (rcsb.org), 3-D structures of different
GPX-1 enzymes can also be accessible. For example,
crystal structure of the selenocysteine to glycine mutant of
human glutathione peroxidase 1 is also accessible through
the code of 2F8A.
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4, Discussion

GPX-1 is of great importance in detoxification of hydrogen
peroxide which is formed as a product of many metabolic
processes in human metabolism. Effects of physical
exercise on GPX is complicated. According to a very recent
meta-analysis, physical exercise has no effect on GPX in
human (Wang et al., 2023). In this paper, GPX-1 from
breath-holding animals were compared and it is found that
the sequence of this enzyme is mostly conserved in all
animals due to its critical function in the metabolism.

According to Uniprot.org, the human GPX-lenzyme
reveals important amino acid modifications. The
modifications such as phosphoserine, N6-acetyllysine, N6-
succinyllysine are observed at the residues 34, 88, 114, 148,
197 and 201. From this research, it could be said that
whatever the breath holding species is in the paper, the
amino acid sequence of GPX-1 is highly conserved.

In this report, we also compared the diving times and also
depth of some of the breath holding animals (Table 5). The
diving time and depth for Homo sapiens (human) is reported
as 10.45 min and 100 meters, respectively (www.cmas.org).
Maximum diving time and depth were found as 138 min and
deeper than 2000 m, respectively, from Physeter
macrocephalus (Sperm whale) (Watkins et al., 1993). Other
samples of the animals are also given in Table 4. Based on
the mutations in the amino acid sequence sports informatics
methods can be developed for the selection of athletes for
apnea competitions. This is a sample basic research of
GPX-1 enzyme among different species. The anatomical
structures of the species analyzed are not investigated which
also play a role in dive depth and breath holding e.g. lung
size presence of tail and special traits for swimming and
diving. Further studies based on different enzymes should
be conducted especially on human breath-holding times.
Since bioinformatics tools may reveal interesting outputs.
After the availibility of GPX-1 sequence data among
humans, the selection of the athletes would be possible
based on diferences in amino acid sequences.

5. Conclusion

Sports informatics is a new field in sports science. The
biological data in bioinformatics databases such as DNA
and protein sequences related to performances can
effectively be used in sport sciences for many purposes such
as talent selection, prevention of sport injuries and
development of special trainings. This paper shows that
amino acid sequences of GPX-1 from different breath
holding animals are highly conserved. Therefore, GPX-
lenzyme activities, mMRNA levels and its sequence can be
checked in athletes who are interested in breath holding
sports such as apnea, spear fishing, underwater hockey and
underwater rugby.

Acknowledgements

This paper was presented in 5th International Eurasion
Conference on Biological and Chemical Sciences, 23-25
November 2022, Ankara-Tiirkiye.

86

Eurasian J Bio Chem Sci, 6(2):81-87, 2023

Authors’ contributions:

L.C. conceived of the presented idea. L.C., E.C. and O.A.
developed to the design and implementation of the research,
to the analysis of the results and to the writing of the
manuscript. All authors agreed to submit the paper to the
Eurasian Journal of Biological and Chemical Sciences.

Conflict of interest disclosure:

The authors declare that they have no known competing
financial interests or personal relationships that could have
appeared to influence the work reported in this paper

References

Annen J, Panda R, Martial C, Piarulli A, Nery G, Sanz LR,
Valdivia-Valdivia JM, Ledoux D, Gosseries O. Laureys S.
2021. Mapping the functional brain state of a world champion
freediver in static dry apnea. Brain Struc Func. 226: 2675-
2688.

Bart RM, Lau H. 2022. Shallow Water Blackout. In StatPearls.
StatPearls Publishing. Treasure Island (FL).

Bi J, Hu B, Zheng J, Wang J, Xiao W, Wang D. 2015.
Characterization of the hypoxia-inducible factor 1 alpha gene
in the sperm whale, beluga whale, and Yangtze finless
porpoise. Mar Biol 162(6):1201-1213

Cormack J. R., Gott J., Kondogiannis S. 2017. Profound Hypopnea
With Xenon Anesthesia in a Free Diver. A&A Practice, 8(4):
90

Feldkamp SD, DeLong RL, Antonelis GA. 1989. Diving patterns
of California sea lions, Zalophus californianus. Can J Zool.
67(4):872-883

Gales N, Bowers M, Durban JW, Friedlaender AS, Nowacek DP,
Pitman RL, Read AJ, Tyson RB. 2013. Advances in non-lethal
research on Antarctic minke whales: biotelemetry, photo-
identification and biopsy sampling. Paper SC/65a/1A12
presented to the IWC Scientific Committee.

Gasteiger E, Hoogland C, Gattiker A, Wilkins MR, Appel RD,
Bairoch A. 2005. Protein identification and analysis tools on
the EXPASYy server. The Proteomics Protocols Handbook 571-
607

Heide-Jorgensen MP, Richard PR, Rosing-Asvid A. 1998. Dive
Patterns of Belugas (Delphinapterus lencas) in Waters near
Eastern Devon Island. Arctic. 17-26

loannidis G, Lazaridis G, Baka S, Mpoukovinas I, Karavasilis V,
Lampaki S, Kioumis I, Pitsiou G, Papaiwannou A, Karavergou
A, Katsikogiannis N, Sarika E, Tsakiridis K, Korantzis I,
Zarogoulidis K, Zarogoulidis P. 2015. Barotrauma and
Pneumothorax. J Thorac Dis. 7(1):S38-S43

Klatsky LJ, Wells RS, Sweeney JC. 2007. Offshore bottlenose
dolphins (Tursiops truncatus): Movement and dive behavior
near the Bermuda Pedestal. J Mammal. 88(1): 59-66

Kooyman, GL. 1966. Maximum diving capacities of the Weddell
seal, Leptonychotes weddelli. Science 151(3717):1553-1554

NOAA Fisheries. 2022. Hawaiian Monk Seal.
https://www.fisheries.noaa.gov/species/hawaiian-monk-seal.
Accessed 1 Nov 2022

Rich C., McAteer K., Leytin V., Binder W. 2019. A free diver with
hemoptysis and chest pain. Rhode Island Med J 102(1):33-36

Scott T., van Waart H., Vrijdag X. C., Mullins D., Mesley P.,
Mitchell S. J. 2021. Arterial blood gas measurements during
deep open-water breath-hold dives. J Appl Physiol. 130(5):
1490-1495

Sievers F, Wilm A, Dineen D, Gibson TJ, Karplus K, Li W, Lopez
R, McWilliam H, Remmert M, Séding J, Thompson JD. 2011.
Fast, scalable generation of high-quality protein multiple



L Cavas et al.

sequence alignments using Clustal Omega. Mol Syst Biol.
7(1):539

Studer G, Rempfer C, Waterhouse AM, Gumienny R, Haas J,
Schwede T. 2020. QMEANDisCo—distance constraints
applied on model quality estimation. Bioinformatics
36(6):1765-1771

Uniprot Consortium. 2021. UniProt: the universal protein
knowledgebase in 2021. Nucleic Acids Res 49 no. D1 (2021):
D480-D489

Wang Y, Luo D, Jiang H, Song Y, Wang Z, Shao L, Liu Y. 2023.
Effects of physical exercise on biomarkers of oxidative stress
in healthy subjects: A meta-analysis of randomized controlled
trials. Open Life Sci. 18(1):20220668

Waterhouse A, Bertoni M, Bienert S, Studer G, Tauriello G,
Gumienny R, Heer FT, de Beer TA, Rempfer C, Bordoli L,
Lepore R. 2018. SWISS-MODEL: homology modelling of
protein structures and complexes. Nucleic Acids Res.
46(W1):W296-W303

87

Eurasian J Bio Chem Sci, 6(2):81-87, 2023

Watkins WA, Daher MA, Fristrup KM, Howald TJ, Di Sciara GN.
1993. Sperm whales tagged with transponders and tracked
underwater by sonar. Mar Mammal Sci 9(1):55-67

Wilkinson A. 2009. The deepest dive: how far down can a free
diver go? New Yorker 24:24-30

Zapol WM, Liggins GC, Schneider RC, Qvist J, Snider MT,
Creasy RK, Hochachka PW. 1979. Regional blood flow during
simulated diving in the conscious Weddell seal. J Appl
Physiol. 47(5): 968-973

Zeppelin T, Pelland N, Sterling J, Brost B, Melin S, Johnson D,
Lea MA, Ream R. 2019. Migratory strategies of juvenile
northern fur seals (Callorhinus ursinus): bridging the gap
between pups and adults. Sci Rep. 9(1):1-16

Zhou K, Pilleri G, Li Y. 1979. Observations on the baiji (Lipotes
vexillifer) and the finless porpoise (Neophocaena
asiaeorientalis) in the Changjiang (Yangtze) River between
Nanjing and Taiyangzhou, with remarks on some
physiological adaptations of the baiji to its environment.
Investig Cetacea. 10:109-20



RESEARCH ARTICLE
Eurasian J Bio Chem Sci, 6(2):88-93, 2023
https://doi.org/10.46239/ejbcs. 1373150

EJBCS

Journal homepage: www.dergipark.org.tr/ejbcs

Eurasian Journal of
Biological and Chemical Sciences

Application of a new inhibitor for the corrosion of iron in acidic solution:
Electrochemical effect of a scorpion venom

Demet Ozkir'™

, Osman Seyyar?

*INigde Omer Halisdemir University, Faculty of Arts & Sciences, Department of Chemistry, Nigde, 51240, Tiirkiye
2Nigde Omer Halisdemir University, Faculty of Arts & Sciences, Department of Biology, Nigde, 51240, Tiirkiye

*Corresponding author : dozkir@ohu.edu.tr
Orcid No: https://orcid.org/0000-0002-8096-5755

Received : 09/10/2023
Accepted : 05/11/2023

Abstract: In this study, the venom of the species Leiurus abdullahbayrami, known as the yellow scorpion from the Buthidae
family, was applied for the first time as a natural corrosion inhibitor for iron in hydrochloric acid solution. The effectiveness of
scorpion venom as an eco-friendly and natural inhibitor was determined by electrochemical methods such as electrochemical
impedance spectroscopy (EIS), potentiodynamic polarization (Tafel extrapolation method) and linear polarization resistance (LPR)
after an hour of immersion. Four different concentrations were determined for the green and natural inhibitor scorpion venom in
1.0 M HCI, and it was observed that the corrosion of iron in these solutions was significantly inhibited. In general, the inhibition
efficiency was above 80%. According to the potentiodynamic polarization data, it has been determined that the Leiurus
abdullahbayrami venom acts as a cathodic-type inhibitor on the Fe surface. Finally, the surface images of the iron electrodes in
1.0 M HCI solutions without and with Leiurus abdullahbayrami venom after 1 h immersion were examined by field emission
scanning electron microscope (FE-SEM), it was concluded that the surface containing scorpion venom had a flatter compared to

the uninhibited surface.

Keywords: Scorpion venom, Leiurus abdullahbayrami, Acidic corrosion, Green inhibitor, Adsorption, EIS

1. Introduction

One of the most important problems experienced today is
corrosion and its consequences. Corrosion is an inevitable
natural disaster and an important phenomenon that must be
struggled. In the industrial field, when considered in terms
of production costs of metallic materials, it causes
significant losses (Fang et al. 2019). All technical metals
actually exist in nature as their oxides and sulphides, called
ores. In this state, they are in their most stable state in nature,
with  minimum energy and maximum disorder. Since
everything in nature is stable with the lowest energy and
highest disorder, all metals spontaneously try to return to
their stable state in nature when left uncontrolled. In fact,
this rotation phenomenon is another expression of corrosion
(Erbil 2012). The most commonly used metal in industry
and architecture is iron, and the alloy is steel. They are
highly preferred due to both their physical and chemical
properties and cost. However, the biggest problem that
limits the use of these materials is corrosion.

One of the methods of preventing corrosion, and the most
preferred especially in cleaning processes with acidic
solutions, is inhibitor applications. By means of various
inhibitor compounds added to the corrosive solution, the

© EJBCS. All rights reserved.

interaction between the metal and the solution is
interrupted, and these substances are physically and/or
chemically adsorbed to the metal surface by the effect of the
electric field formed at the interface (Dogru Mert 2017).
The effectiveness of inhibitor substances is related to their
chemical structures, and it is known that heteroatomic
organic substances containing functional groups such as -
OH, -COOH, -CN, -SN, double/triple bonds or unshared
electron pairs will easily interact with the metal surface
(Ozkir 2019a). Unfortunately, chemicals known as
corrosion inhibitors harm the environment due to their
ecological side effects. However, in recent years, new and
non-toxic inhibitors that cover the metallic surface strongly,
are both highly efficient and environmentally safe, have
attracted the attention of researchers (Srivastava et al. 2017,
Nazlhgiil et al. 2022).

Scorpions are predatory and living fossils that have existed
on Earth for 430 million years by adapting very effectively
to their natural habitat (Gomes and Gomes 2015). There are
many harmful scorpions belonging to the Buthidae family
in Tirkiye, and one of the most poisonous Turkish scorpion
species is known as Leiurus abdullahbayrami (Fig. 1).
Scorpion venoms are the main sources that provide
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promising bioactive peptide molecules, especially in the
discovery and development of new drugs in the field of
medicine. Scorpion venoms consist of a complex mixture of
small organic molecules and ions, bioactive peptides and
proteins for the development of defense mechanisms
(Numanoglu Cevik and Kanat 2022). Scorpion venom

incorporates  both  non-proteinaceous  components
consisting of water, mucosa, nucleotides,
mucopolysaccharide, lipids, metals and inorganic

compounds, and proteinaceous components consisting of
enzymes and peptides (Tobassum et al. 2020).

The most important idea in this study emerged from the fact
that scorpion venoms can play a role as an effective
inhibitor in preventing metallic corrosion, as they have a
molecular structure suitable for corrosion inhibitors, as they
are known to contain molecules such as bioactive peptides
and proteins. In the light of this idea, in this study, the effect
of venom from the Leiurus abdullahbayrami species as an
environmentally friendly green inhibitor on the corrosion of
iron (mild steel) electrodes kept in 1.0 M HCI solution for
one hour was investigated by some electrochemical
methods. This study is also noteworthy because there is no
previous study in the literature showing that scorpion
venom has been used as an inhibitor to prevent metallic
corrosion.

Fig. of the Leiurus

1 Photograph
abdullahbayrami, whose venom was used in the study (original)

2. Materials and Method

yellow scorpion

2.1. Leiurus abdullahbayrami venom

Leiurus abdullahbayrami venom was obtained from Nigde

Omer Halisdemir University ~Arachnology Museum
(NOHUAM).

2.2. Determination of concentration of stock Leiurus
abdullahbayrami venom solution and preparation of
working solutions

The mass of scorpion venom obtained from NOHUAM was
0.1733 g. For this reason, the actual concentration of the
stock scorpion venom solution was calculated as 0.3466%
(w/v). After the stock solution concentration, the working
concentrations for electrochemical experiments were
determined as 0.160% (w/v); 0.100% (w/v); 0.050% (w/v);
0.020% (w/v) and 0.010% (wl/v), respectively, from the
most concentrated solution to the most dilute.
Electrochemical experiments were carried out in 1.0 M HCI
solution.
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2.3. Electrochemical experimental processes

Iron (mild steel) was tapped as the working electrode with
the following percentage composition (wt.%) such as
0.06030% Cr, 0.00222% Nb, 0.07890% Ni, 0.01100% V,
0.01100% P, 0.01040% Mo, 0.08400% C, 0.21700% Cu,
0.40900% Mn, 0.01900% S, 0.01620% Sn, 0.00198% Co,
0.10200% Si and 98.977% Fe. The electrode surfaces were
added in a cylindrical mould including mixture of polyester
and surface area of Fe electrode was 0.5024 cm? exposed to
the HCI solution. The Fe electrode’ surfaces were smoothed
with 150, 600 grids of emery paper. The Fe electrodes’
surfaces were polished with acetone and distilled water. The
conventional three-electrode technique was applied
utilizing the computer-integrated CHI-660B
electrochemical analyzer device in experiments. The
working test electrode is iron was utilized. The Pt plate is a
counter electrode with a surface area of 2.0 cm?, and the
reference electrode is Ag/AgCl. All potentials are given by
reference electrode.

Electrochemical experiments were conducted by LPR, EIS
and Tafel extrapolation methods. These methods were
performed in 1.0 M HCI solution without and with four
different Leiurus abdullahbayrami venom concentrations.
Before starting all electrochemical experiments, the Fe
electrodes were immersed in the hydrochloride acid
solution for one-hour in order to balance the system at 298
K for the open circuit potential (Ecorr). EIS experiments
were carried out on the Ecorr at a frequency range of 10°to
5x10- Hz with 5 mV amplitude practised to the corrosion
system. The Tafel extrapolation measurements were
conducted with £0.350 V anodic/cathodic potential from
Ecorr, respectively. It is practised at a scan rate of 1.0 mV s’
. LPR method as the third experiment was conducted at a
scan rate of 0.1 mV s £10 mV from Ecorr and polarization
resistance (R,) was calculated from the potential slope
versus current.

2.4. Surface examinations of iron electrodes

The images of Fe surfaces were examined by FE-SEM
(Zeiss GeminiSEM 500 with computer controlled)
technique in aggressive blank solution with and without
0.160% (w/v) Leiurus abdullahbayrami venom after 1 hour
of duration at 298 K.

3. Results and Discussion

3.1. Evaluation of electrochemical data for Leiurus
abdullahbayrami venom

It is important that the method to be applied to determine
the corrosion rate does not essentially change the natural
structure of the metal surface. For this reason, alternative
current impedance, which is an electrochemical method and
is thought to change the nature of the metal at a minimum
level, is one of the most preferred methods (Erbil, 2012).
Therefore, measurements were made and evaluated with
EIS, LPR and Tafel extrapolation methods end of an hour
of immersion in 1.0 M HCI solutions with and without four
different concentrations of scorpion venom as inhibitor, in
order to determine the electrochemical corrosion behavior
of iron. The two types of equivalent circuits of the corrosion
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process were composed from the EIS data by using Zview2
software. Two types of electrical equivalent circuit models
in Figure 2 and 3 for blank and all inhibited solutions,
respectively were indicated in process.

Blank (1.0 M HCI) solution

e 1.0MHCI (1h) ,

<o I rest.l/lt'/o/'JH e .,
- Vo S
™ o *
= . e
©2- L]
E . *
s & %
= 10 -
N

0
[ T B B Bt

0 10 20 30 40 50 60 70 80
Z' (ohm cm2)

Fig. 2 Electrical equivalent circuit proposed and impedance
diagram for blank solution after 1 h immersion

It will be seen that in Fig. 2 and 3, the two circuits proposed
are dissimilar from each other. The most logical separation
for solutions containing the scorpion venom is the inhibitor
film composed on the Fe electrode surface and the
resistance (Rfm) it forms (Fig. 3). Film resistance results
from the adsorption of complex organic molecules such as
peptides and proteins in the scorpion venom, directed to the
Fe electrode surface in the acidic solution. When four
different concentrations of scorpion venom are added to the
aggressive 1.0 M HCl electrolyte, it can be followed that the
corrosion of Fe electrodes declines more plainly in the
impedance diagram in Figure 3 (Ozkir 2019b; Ozkir 2021a).
Leiurus abdullahbayrami venom adsorbed on the surface of
iron in fact hinders the corrosion by forming a protective
film layer on the Fe surface. In addition, this situation is
clearly understood from the increasing radius as the
inhibitor is added to the solution.

Impedance diagrams generally consist of two parts: High
and low frequency regions. While the corrosion process
consists of the total of these two frequency regions, charge
transfer (R¢) and diffuse layer (Rq) processes occur in the
high frequency region. The low frequency region is
basically the important part affected by the inhibitor. In
other words, surface protection occurs with the film layer
(Rf) formed due to total adsorption from the scorpion
venom, as well as the products (R.) accumulated on the
surface due to corrosion.
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Fig. 3 Electrical equivalent circuit proposed and impedance
diagrams in containing four different concentrations of L.
abdullahbayrami venom

Looking at Fig. 3, the equivalent circuit proposed for the
inhibited system consists of two constant phase elements:
Double layer capacitance (CPEqg), which refers to the
double layer between the Fe metal and the solution, and film
capacitance (CPE:im), which results from the adsorption of
the scorpion venom on the surface of the Fe metal.

The polarization resistance (Rp) values obtained from the
EIS, LPR and Potentiodynamic polarization experiments
are indicated in Table 1.

Table 1 Electrochemical experiment data in solutions without and
with L. abdullahbayrami venom

Scorpion venom EIS
C (w/v %) Blank 0.020  0.050 0.100 0.160
Ecorr (V/AQ/AQCT) | -0.474  -0530 -0522 -0520 -0514

Rs (L2cm?) 12 13 15 14 13

CPE (uF cm™) 110 84 80 69 57
n 0.94 0.85 0.81 0.80 0.76

RL(£2cm?) 8 - - - -

L (H) 4 - - - -

Ry (£2cm?) 72 335 356 370 466

7 (%) - 785 798 805 845
Scorpion venom “LPR
’ECOI'I'
(VIAG/AGCI) -0.475 -0.530 -0.529 -0.526 -0.523
"Ry (£2cm?) 71 351 355 392 435
“n (%) - 79.8 800 819 837
Scorpion venom “Potentiodynamic polarization
**ECCII'I'

(VIAg/AGCI) -0.475 -0.531 -0.528 -0.530 -0.523
- (mV dec) 108 108 105 111 111
icorr (1A cm?) 265 62 55 51 4

“n (%) - 766 792 808 845
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At the end of the one-hour immersion period, the #% values
calculated from the R, values by the EIS method increased
as scorpion venom was added to the solution medium. The
distribution range of 7% values was 78.5-84.5%. While the
CPE value in blank solution was 110 xF/cm?, it was
monitored that it dominated when scorpion venom was
added to the HCI solution. The distribution range of CPE
values is 84-57 pF/cm?. While the corrosion potential value
(Ecorr) was —0.474 V in HCI electrolyte, it shifted to more
negative (cathodic) potentials in solutions containing L.
abdullahbayrami venom (Table 1). According to the LPR
method data, the R, value was 71 £ cm?in 1.0 M HCI
solution without inhibitor, but it rised when scorpion venom
was added to the acidic solution. “#% values calculated from
R, values increased as scorpion venom base was added to
the HCI solution and the distribution range became 79.8-
83.7%. The inhibitory efficiency results of the L.
abdullahbayrami venom calculated by both electrochemical
methods were highly consistent with each other (Ozkir
2021b). The dissolution process parameters of iron
electrode calculated by the Tafel extrapolation method,
which is another electrochemical method, are shown in
“Table 1. Potentiodynamic polarization curves of working
electrodes in HCI solution for four different L.
abdullahbayrami venom concentrations at 298 K are
offered in Figure 4. While the corrosion current density
(icorr) value in the blank solution was 265 wAlcm?, these
values gradually dimunated as scorpion venom was added
to the HCI solution.
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In all experimental solutions, as the scorpion venom
concentration enhanced, corrosion current density (icorr)
values decreased and inhibition efficiency values rised.
While the cathodic Tafel constant (-5:) was 108 mV/dec in
the blank solution, it varied between 97 mV/dec and 102
mV/dec in the solutions with inhibitor. The fact that the
cathodic Tafel constants calculated in solutions containing
and without scorpion venom did not change much indicates
that the hydrogen formation mechanism was not affected by
the inhibitor scorpion venom studied. As can be seen from
the semi-logarithmic current-potential curves and Table 1,
the "Ecorr values of Fe electrode read directly from the CHI
device were -0.475 V at 298 K in an uninhibited solution,
while the ™Ecorr Values shifted to more negative (cathodic)
potentials when scorpion venom solutions were added to the
medium. The maximum potential change in solutions
without and containing inhibitors is 56 mV. In the solution
with scorpion venom, in contrast to the blank solution, the
“Ecorr Values shift very slightly to negative values, and all
of the shifts of the Ecorr Values are less than 85 mV (Wen et
al. 2023). Looking at the cathodic curves in Figure 4, the
contribution of scorpion venom significantly reduced the
current density in 1.0 M HCI solution. For this reason, it was
thought that the scorpion venom used acted as a cathodic
inhibitor in 1.0 M HClI solution (Policarpi and Spinelli 2020;
Akkog et al. 2023). The results obtained with the three
experimental methods applied were both supportive of each
other and it was concluded that the adsorption of L.
abdullahbayrami venom on the Fe surface is inevitable and
it can also be used as a green inhibitor because it does not
have an environmentally friendly effect.

A visual graphic summary of the -electrochemical
experiment data in Table 1 is presented in Figure 5.

3.2. Surface examinations by FE-SEM analysis

Since FE-SEM is a field emission scanning electron
microscope, it provides the opportunity to perform much
clearer surface analysis with high resolution (Singh et al.
2018). Detailed surface examinations were carried out by
FE-SEM analysis to determine the surface morphologies of
the Fe electrodes that were kept at 298 K for one hour in 1.0
M HCI solutions containing L. abdullahbayrami venom at
the highest (0.160% wi/v) concentration and without
inhibitor. FE-SEM images were monitored in Figure 6.

Fig. 5 Variation of inhibition efficiency values according to experimental methods and concentration
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Fig. 6 FE-SEM images of the Fe electrodes for 1 h immersion at
298 K

It was observed that the surface of the Fe electrode, which
was immersed in the solution without inhibitor, was
indented and in the appearance of pits, the electrode kept in
the solution with L. abdullahbayrami venom was flatter and
the pits both diminuated in number and became smaller
(Ozkir and Kayakirilmaz 2020).

5. Conclusion

According to the results obtained with EIS, LPR and
potentiodynamic polarization curves, it was observed that
the inhibition efficiency values enhanced as the Leiurus
abdullahbayrami venom concentration rised. Even in the
solution containing the highest concentration of scorpion
venom, Fe electrode is protected with approximately 85%
inhibition after 1 hour of immersion time. Scorpion venom
affected the corrosion of iron electrode in acidic solution as
a cathodic-type inhibitor. In addition, FE-SEM micrographs
clearly show that scorpion venom prevents corrosion of Fe
surface by forming a protective inhibitor film on the metal
surface.

This study stands out for the first application of Leiurus
abdullahbayrami venom from the family Buthidae as an
eco-friendly and green inhibitor for Fe electrode in 1.0 M
HCI solution. The main sources of scorpion venom are
bioactive peptide molecules. It has been reported that the
main components in scorpion venom consist of a complex
mixture of non-proteinaceous and  proteinaceous
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components. Considering these main components and the
results obtained, these properties are among the main
reasons for the high inhibitory effectiveness in preventing
metallic corrosion. The use of such compounds as corrosion
inhibitors is a very important study in terms of both
industrial processes and the development of a different
application area, since they are biodegradable and do not
contain harmful compounds.
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Ozet: Sentetik boyar maddeler tekstil, kozmetik, gida, mobilya, ilag ve otomotiv endiistrisi gibi yaygm kullanim alanlar nedeniyle ticari
oneme sahip endiistriyel {riinlerdir. Bir¢ok iilkede kullanilan bu boyalarin yaklagik 10.000 ¢esidi bulunmaktadir. Yillik 700.000 ton
dretim hacmine sahip olan boyar maddeler, tiim endiistriyel atik miktarinin 6nemli bir kismum (1/5) olusturmaktadirlar. Tekstil
endiistrisine ait desarjlarin tarim alanlarina ve su kaynaklarina karismas: toprak gozeneklerinin tikanip verimin diismesine, igme ve
sulama suyunun insan tiiketimi i¢in elverigsiz hale gelmesine neden olmaktadir. Bu ¢aligmada ti¢ farkl: tekstil boyasmin (Stiperfix Black
NNX (SBNNX), Syanacryl Black XFDL (SBXFDL) ve Reaktive Blue 19 (RB19) mutajenik ve rekombinojenik etkileri in vivo olarak
Drosophila kanat benek testi ile belirlenmistir.Bu amagla distile su negatif ve EMS pozitif kontrol gruplari hazirlanmistir. Ayrica
uygulama gruplari i¢in de farkli dozlarda her ii¢ tekstil boyas1 (150, 300 ve 450 ppm) kullanilmustir. Elde edilen verilere gore, tiim tekstil
boyalart hem mutajenik hem de rekombinojenik etkili bulunmustur. Uygulama gruplarma ait veriler, distile su kontrol grubu ile
karsilagtirildiginda aralarindaki fark istatistiki olarak anlamlidir (p<0,05). Kullanilan boyalarin genotoksisitesi i¢in de dominansi sirasi
SBNNX > SBXFDL > RB19 olarak belirlenmistir.

Anahtar Kelimeler: model organizma, somatik mutasyon, tekstil boyasi

In vitro determination of the mutagenic effects of some dyestuffs used for industrial purposes using
the Drosophila wing spot test.

Abstract:Synthetic dyes are industrial products of commercial importance due to their widespread use in the textile, cosmetics, food,
furniture, pharmaceutical and automotive industries. There are approximately 10.000 types of these paints used in many countries. With
an annual production volume of 700.000 tons, dyestuffs constitute a significant portion (1/5) of all industrial waste. The mixing of the
discharges from the textile industry into agricultural areas and water resources causes the soil pores to become clogged, resulting in a
decrease in productivity and making drinking/irrigation water unsuitable for human consumption.In this study, the mutagenic and
recombinogenic effects of three different textile dyes (Superfix Black NNX (SBNNX), Syanacryl Black XFDL (SBXFDL) and Reactive
Blue 19 (RB19) were determined in vivo by Drosophila wing spot test. For this purpose, distilled water negative and EMS positive
control groups were prepared.In addition, different doses of all three textile dyes (150, 300 and 450 ppm) were used for the application
groups.According to the data obtained, all textile dyes were found to be both mutagenic and recombinogenic.When the data of the
application groups are compared with the distilled water control group, the difference between them is statistically significant
(p<0.05).For the genotoxicity of the dyes used, the dominance order was determined as SBNNX > SBXFDL > RB19.

Keywords: model organism, somatic mutation, textile dye
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1.Giris

Yasadigimiz diinya diizeninde hizli degismenin ve
kiiresellegsmenin getirdigi rekabete ayak uydurabilmenin en
onemli etkeni teknolojidir. Diinya niifusundaki artisa
paralel olarak teknolojinin ilerlemesiyle sanayi kuruluslari,
fabrikalar ve diger endiistriyel iiretimlerde de artis s6z
konusudur. Tirkiye ise sanayisi gelismekte olan bir tilkedir
ve son yillarda Tirkiye'de sanayinin hizla gelismesine
paralel olarak tekstil endiistrisinde de dev adimlar
atilmaktadir (Mercimek 2007). Tekstil ve hazir giyim
sektord, elyaf ve ipligi kullanim esyasina doniistiirecek
stirecleri kapsayan iglemleri icermektedir (Sarioglu ve
Kayadibi 2012). Tekstil endiistrisinde 6zellikle daha kiigiik
olgekli ve alt yap1 bakimindan yetersiz tesislerin varligi da
kontrolsiiz biiyiimeyi beraberinde getirmistir. Ayrica bu
sektorde kullanilan elyafin elde edilme islemleri, iplik
yapimi, dokuma ve terbiye hazirlik asamalarinda kuru ve
1slak prosesler olduk¢a énemlidir. Iplik yapimi ve dokuma
hazirlik agsamalari, kuru islemler diye tanimlanan stirecleri
kapsarken terbiye islemi (hasil dokme, yikama, pisirme,
merserizasyon, boyama, apreleme) bol miktarda suyun
kullanildig1 1slak proseslerden meydana gelmektedir.En
¢ok su harcanan iglemlerden birisi ise boyamadir. Tekstil
endiistrisi desarjlari, kullanilan boyar maddenin yapisina
gore ¢Ozlinmiis halde ya da kolloyidal yapida bulunabilen
¢ok renkli atik sular1 icermekte ve bu atik sularin
bulundugu alanlarda ise ¢evresel bakimdan ¢ok onemli
olan endiistriyel kirlenme meydana gelmektedir (Tinay ve
ark. 1996; Olmez 1999).

Cisimleri renkli hale getirmek icin kullanilan maddelere
boyar madde denir. Boyar madde, herhangi bir
nesneye renk vermek veya onu korumak i¢in uygulanan
kaplama amacli maddeler olarak da tanimlanmaktadir.
Boya ile korumadaki temel amag, uygulama alaninin su
veya hava ile temasinin kesilmesidir. Boyalar sanat,
tasarim ve endiistriyel amagh kullanildiklar1 gibi 6rnegin
karayollarinda serit ¢izgilerinin ¢ekilerek giivenli ulagimin
saglanmasi gibi farkli alanlarda da kullanilmakta ve
oldukga farkli malzemelere uygulanabilmektedir.

Boyar maddelerin siirekli kullanildigr bir diger sektor

tekstildir. Boyar maddeler, organik bilesikler olup
boyanacak materyalle kimyasal veya fiziko-kimyasal
etkilesime girerek cisimleri renkli hale getirirler.

Rengarenk hazirlanan tekstil {irlinleri ¢esitli islemlerden
gecerek  boyanmaktadir. Boyar madde kullanarak
degistirilen malzemelerin boyandiktan sonraki ilk haline
tekrar donmesi de miimkiin olamamaktadir.

Tarihsel siiregte insanlarin cisimlere ve kendisine 6zel bir
goriiniim kazandirmak istemesi ile boyar maddelere ihtiyag
dogmus ve ilk ¢agdan beri dogal iirlinlerden bir¢ok boyar
madde elde edilmistir. Dogal boyar maddeler maya ve
bakteri gibi mikroorganizmalardan, bitkilerin kok, kabuk,
tohum, meyve, ¢icek kisimlarindan, bazi bocekler ve
baliklardan, hayvanlarin deri ve salg1 bezlerinden basit bir
takim islemler sonucu elde edilmektedir. Ornegin;
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Fabaceae familyasindan Indigofera tinctoria (indigo agact)
bitkisi mavi, Kermesidea (Insecta)’ya ait Kermes ilicis
(kermes bocegi) kirmizi, Janthinobacterium lividum
bakterisi mor, bir ¢esit mantar olan Aspergillus niger de
siyah renk eldesi i¢in kaynak teskil etmektedir (Baser ve
Inanic1 1990; Onal 2000; Hunger 2003; Giirciim ve Ones
2018). Fakat sanayi devriminden sonra bir¢ok sektoriin
gelismesi ile dogal boyar maddelere olan ihtiyag ve
kullanim artmis ve dogal {iriinlerden elde edilen boyar
maddelerin elde edilmesinin zor, pahali ve miktar olarak
az olmasi, renk skalasinin dar, kalitelerinin de diisiik olusu,
artan niifus ve gelisen teknoloji gibi nedenlerden dolay1
yetersiz kalmistir. Bu nedenle sentetik boyar madde
arayigma gecilmistir. 1856 yilinda ingiliz kimyager
William Henry Perkintarafindan anilin yagindan tesadiifen
elde edilmis olan anilin moru, ilk sentetik boya olarak
bilinmektedir (Kant 2012).

Diinyada endiistrinin gelismesiyle birlikte daha fazla
kullanilan boyar maddelere ¢esitli canlilar ve ozellikle
insanlar dolayli ya da dolaysiz olarak maruz kalmaktadir.
Giysilerimizin, ev.  ve ofis mobilyalarimizin
cogu sentetik veya dogal boyalarla renklendirilmektedir.
Ancak dogal boyar maddelerin iiretilmesinin uzun,
maliyetli ve elde edilmesinin zor olmasi nedeniyle sentetik
boyar maddeler tercih edilmektedir. Kullanilan sentetik
boyalar, bulunduklari ortamdaki tiim canli tiirleri {izerinde
olumsuz etki yaratabilirler. Farkli endiistriyel alanlara ait
sentetik boyar maddelerin tiretildigi ve kullanildig: yerlere
ait atiklarin, alic1 ortamlar1 arasinda i¢cme suyu kanallari,
nehirler, goller, denizler gibi sucul ekosistemler ve bu
sularin  gegtigi ve sulama yapilan tarlalar gibi kara
ekosistemleri bulunmaktadir. Bu tip kirlilige maruz kalmis
alanlardan alinan atik su Ornekleri ile yapilan mutajenite
testleri, boyar maddelere ait atiklarin farkli canli
gruplarinda orta dereceli risk  olusturabildiklerini
gostermistir. Carmen ve Daniela (2012) tarafindan yapilan
bir ¢alismada, Reactive Blue 19 tekstil boyasiin sucul
ortamlarda 25°C’de ve pH: 7.0’de yaklasik 46 yillik
yarilanma Omriine ve yiiksek c¢evresel kaliciliga sahip
oldugu gosterilmistir. Gottlieb ve ark. (2003)’a gore Vibrio
fischeri ile yapilan g¢alismada Reactive Black 5 tekstil
boyasinin toksik etkili oldugu tespit edilmistir. Novotny ve
ark. (2006)’a gore ise Reactive Orange 16 azo boyasi
Salmonella typhimirium’da nokta mutasyona neden
olmustur.  Ayrica sentetik boyar maddeler konjenital
malformasyonlara  (dogumsal kusurlara) ve gida
sektoriindeki kullanimlarina dayali olarak gida giivenligi
sorunlarina yol acabilen, kanserojenik etki gosterebilen
genotoksik ajanlar olarak da degerlendirilmektedir (Oztiirk
ve Uysal 2021; 2022). Gida endiistrisinde kullanilan
tatrazin (sar1), amaranth (kirmizi), sunset yellow (giin
batimu saris1) ve ponceau 4R (kirmizi) gibi azo boyalarinin
D. melanogaster Oregon-R’nin yabanil soyunda oOmiir
uzunlugu iizerine etkileri Uysal ve ark. (2017) tarafindan
aragtirtlmis ve bu boyalarin D. melonogaster’in hem disi
hem de erkek popiilasyonunda ortalama ve maksimum
yasam stiresini azalttig1 belirlenmistir.
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Yine besin zinciri yoluyla giinliik besinlerle birlikte alimi
ve viicutta birikime bagli olarak lireme ve merkezi sinir
sistemi, beyin, bobrek, karaciger gibi organlarda fonksiyon
bozukluklarinin siddetlenmesine de neden
olabilmektedirler. Ureme ve merkezi sinir sistemi, beyin,
bobrek,  karaciger gibi  organlardaki  fonksiyon
bozukluklarinin siddetlenmesine de neden
olabilmektedirler (Guo ve ark. 2019). Benzidin (sentetik
boyalarin liretiminde kullanilan kimyasal bir tiirev) Diinya
Saglik Orgiitii tarafindan kanserojen etkilerinin yani sira
DNA hasarina da yol agan genotoksik ajanlardan birisi
olarak kabul edilmistir. Das ve ark. (1994), benzidine
maruz kalan farelerin lenfosit hiicrelerinde kromozomal
aberasyonlarin oraninda artis gozlemistir. Bu maddeye
soluma, yutma veya enjeksiyon yoluyla maruz kalma
sonucunda kemirgenlerin karaciger ve bobreginde agirlik
azalmasi, siglik, dalakta biiyime ve idrarda kan gibi
komplikasyonlar da gézlenmistir (Choudhary 1996; Ching
Chen ve ark. 2011; Chen ve ark. 2014). Benzer bir bagka
calisma da Lentz ve ark. (2010) tarafindan yapilmis ve
kronik benzidin maruziyeti yasayan Gambusia affinis
(sivrisinek  balig1)’de apoptoz ile insan karaciger
dokusunda tiimoér olusumu goriilmiistiir. Zebra balig1
embriyolarinin benzidine maruz birakilmasi ile de doz-siire
etkilesimine bagli olarak beynin telencephalon bdlgesinde
malformasyonlar, beyin ve dorsal ndronlarda yaygin
apoptoz, embriyo gelisiminde yavaglama ve embriyonal
anomaliler gozlenmistir.

Tim bu sistemik disfonksiyonlara bagli olarak boyar

maddeler, hem giigli bir c¢evresel kirleticihem de
canlilardaki metabolik siiregler i¢in “ket vurucu
toksikantlar”  olarak tanimlanabilirler.  Ozellikle

kanserlesmenin potansiyel kaynagi olan aromatik aminler,
su ortamina birakilan ve bu ortamda biyodegredasyona
ugrayan boyar maddelerden evrilebilmektedir (Majcen-Le
Marechal ve ark. 1997; Senel 2006). Dogada biyolojik
parcalanma Ozelligi gostermeyen aromatik aminler,
biyobirikim gdstererek kanseojenik olabilmektedirler
(Keskek Karabulut 2020).

Daha once yapilan ¢aligsmalarda tekstil boyalariin gesitli
organizmalarda biyotoksik etkili oldugu goriilmiistiir..
Sunulan bu ¢aligmada, tekstil endistrisinde kullanilan,
Siiperfix Black NNX (SBNNX), Syanacryl Black XFDL
(SBXFDL) ve Reaktive Blue 19 (RB19) sentetik
boyalarmin  genotoksik etkili olup/olmadigi genetik
denemeler i¢in Onemli bir model organizma olan D.
melanogaster’de kanat benek testi (Somatik Mutasyon ve
Rekombinasyon Testi /SMART) ile arastirilmistir.

2. Materyal ve Metot

2.1. Kullanilan Kimyasal Maddeler

Caligmada genotoksik etkilerinin  belirlenmesi  igin
kullanilan Siiperfix Black NNX (SBNNX), Synacryl
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Black XFDL (SBXFDL) ve Reaktive Blue 19 (RB19)
tekstil boyalar: ile mutajenik etkili olan ve genotoksisite
calismalarinda pozitif kontrol olarak tercih edilen etil
metansilfonat (EMS: CAS No.62-50-0) Sigma-Aldrich
Sirketi'nden (St Louis, Missouri, ABD), Drosophila
Instant Medium (DIM, Formiil 4-24) ise Carolina
Biyolojik Tedarik Sirketinden (2700 York Road,
Burlington, ABD) satin alinmistir. Calisma kapsaminda
stok kiiltiirlerin beslenmesi i¢in kullanilan Standart
Drosophila besiyerinin (SDB) igerigini olugturan ve kanat
preparatlarinin hazirlanmasi i¢in gerekli olan agar agar,
dietil eter, propionik asit, gliserol, kloral hidrat, arap
zamki, entellan, etil alkol gibi kimyasal maddeler de yine
Sigma-Aldrich (St. Louis, MO, USA) sirketinden temin
edilmistir.

2.2. Kullanilan Drosophila Soylart

Mendel genetigi alaninda siirdiiriilen  genotoksisite
calismalari, farkli model organizmalar ile yapilmaktadir.
Bu organizmalarin en Onemlilerinden Dbirisi olan

Drosophila melanogaster (meyve/sirke sinegi) Atatiirk
Universitesi, Fen Fakiiltesi, Biyoloji Béliimii, Genetik
Aragtirma  Laboratuvari’nda uzun yillardan  beri
kendilestirilmis genetik olarak homozigot, hi¢gbir mutant
karakter tagimayan yabanil bir laboratuvar stogudur. Bu
caligmada kullanilan mutant soylar ise D. melanogaster’in
normal metabolik aktiviteye sahip multiple wing hair
(mwh) ile flare (fIr®) soylaridir ve diger yabanil soylar gibi
Genetik Arastirma Laboratuvari’nda uzun yillardan beri
kendilestirilerek yasatilmaktadir. mwh mutant soyunda
bulunan mwh resesif geni, Ill. kromozomun telomere
yakin kisminda (3-0.3) bulunmaktadir. flr® geni de yine
II. kromozomda sentromere yakin (3- 38.8) vyer
almaktadir ve bu gen homozigot resesif durumda
embriyoda letaliteye sebep oldugu icin ergin bireyler
olusamamaktadir. flr® geninin embriyonik letal etkisinden
dengeleyici bir kromozom olan TM3 kromozomu ile
heterozigotluk saglanarak korunulmakta ve embriyonun
kanat imajinal disklerinden mutant kanat hiicrelerinin
gelisimi  saglanmaktadir.  Ayrica dengeleyici TM3
kromozomunda bulunan BdS geni, mutant bireyin kanat
kenarlarimin testere disi seklinde fenotip gdstermesine
neden olmaktadir. Fenotipik olarak yuvarlak-kirmizi
gozlli, uzun kanathh ve kahverengi viicutlu olan mutant
soylarda (Sekil la ve lb) resesif belirleyici genler kanat
killarinin (trikom) seklinde degisiklige sebep olmaktadir.
mwh geni, fenotipte normal kanat (Sekil 1a) ve hiicre
bagina bir kanat kili yerine c¢oklu kanat killarin
olustururken (Sekil 2a) flr® geni sineklerin testere disi
seklinde kanatlara (Sekil 1b) ve kanatlarindaki normal, diiz
ve uzun killar yerine koérelmis, amorfik kil (Sekil 2b)
olusmasina sebep olmaktadir (Graf ve ark. 1998).
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Sekil 1a. mwh genotipli bireylerde normal kanat yapisi, b. flr® genotipli bireylerde testere disi kanat yapist (10x40)

Sekil 2a. mwh genotipli bireylerde coklu kanat killar1 (10x40), b. flr® genotipli bireylerde kdrelmis kanat killar1 (10x40)

2.3. Kanat Benek Testinin Yapilisi

Bir diger bilinen adiyla “Somatik Mutasyon ve
Rekombinasyon Testi” (SMART) i¢in Oncelikle mwh ve
flrmutant tiirlerine ait erkek ve disi bireylerin sayilarinin
artinlmast  gereklidir. Bu amaglahazirlanan  kiiltiir
siselerine flr® ve mwh tiirleri ayr1 ayr1 konulmus ve her iki
tir icin ¢ok sayida On caprazlamalar yapilmistir.
Caprazlamalar sonucunda metamorfozu tamamlayan 1-3
giinliik (yaklasik 72+4 saatlik) aym yash flr® ve mwh ergin
bireyleri, 4’er saatlik periyotlar halinde heniiz ¢iftlesmeden
yine ayr1 ayrt toplanmigti. Daha sonra ¢alisma
kapsaminda kullanilacak olan trans-heterozigot larvalarin
elde edilmesi igin 20 flr® disi ve 20 mwh erkek kullanilarak
yeni caprazlamalar yapilmistir.

SMART i¢in kontrol ve uygulama grubu olmak tizere iki
farkli deney seti hazirlanmustir. Ik deney seti, distile su
negatif kontrol grubu ile 1 ppm etil metansiilfonat (EMS)
iceren pozitif kontrol grubundan olusmaktadir. Diger
deney seti ise 1l¢ farkli tekstil boyasmmin farkl
konsantrasyonlarini igeren (150, 300 ve 450 ppm)
uygulama gruplaridir. Yapilan 6n denemelerde 150
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ppm’den daha diisik uygulamalarda genotoksik etki
gozlenmezken 450 ppm’den yiiksek uygulamalarda
larvalarin yagama orant distiigli i¢in kanat preparati
hazirlayacak kadar ergin birey elde edilememistir. Bu
nedenle 150 ppm’den daha diisiikk ve 450 ppm’den daha
yiiksek konsantrasyonlar ile calistlamamigtir. Kontrol ve
uygulama gruplarina ait kiiltiir siselerine, 100’er adet 3.
evre trans-heterozigot larva konulmus ve larvalar
metamorfozu tamamlayip erginlesinceye kadar isitmali-
sogutmali etiivlerde (25+1°C) muhafaza edilmistir.
Larvalardan hayat devrini tamamlayip ergin hale gelen
bireyler normal kanatli ve testere disli kanatli ayrimi
yapilarak toplanmis ve kanat preparatlari hazirlanincaya
kadar %70’lik etil alkol iceren ependorf tiipleri igerisinde
+4°C’de muhafaza edilmistir.

2.4. Kanat Preparatlarinin Hazirlanmasi

Trans-heterozigot larvalardan elde edilen ergin sineklere
ait kanat preparatlarinin hazirlanmasi i¢in erginlerdncelikle
cukur lamda bulunan faure soliisyonuna alinmislardir.
Nikon marka binokiiler mikroskop altinda ince uglu
pensler ile ergin bireylereait kanatlar viicuda baglandigi



H Celik ve H Uysal

yerden ayrilarak kanat preparatlari hazirlanmistir. Her bir
bireyin kanatlar giftler halinde yan yana gelecek sekilde
lam tizerinde belirli araliklarla dizilmis ve lam iizerine
ortalama 40 ¢ift kanat yerlestirildikten sonra preparatlar
bir giin kurumaya birakilmistir. Kuruyan preparatlara 1-2
damla entellan damlatilarak tizerlerine lamel kapatilip
daimi preparatlar hazirlanmistir. Tiim preparatlar Boeco
marka digital kamerali trinokiiler 151tk mikroskobu ile
incelenmis ve belirlenen mutant hiicre klonlart tekli ve ikili
benekler seklinde gruplandirilmistir.  Elde  edilen
sonuclarin tlimiine ait istatistiksel analiz, Microsta
bilgisayar programu ile yapilmistir ve hesaplanan orijinal
ve alternatif hipotezlerin sonuglari, Frei ve Wiirgler
(1988)’in ¢oklu karar prosediiriine gore degerlendirilmistir.

I

Sekil 3. Kiigiik tek tip mwh mutant klonlarin mikroskobik
goriintiisi (10x40)

Sekil 5. 1kiz mutant klonlarm mikroskobik gériintiisii (10x40)
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3. Bulgular

Calisma kapsaminda hem uygulama hem de pozitif ve
negatif kontrol gruplarina ait kanat preparatlari, mutant
klon olusup olusmadigi yoniiyle incelenmistir.Uygulama
gruplarinda kullanilan boyar maddelerin sebep oldugu
somatik mutasyonlar ile gerceklesen genotoksik etkilerin
gostergesi olan mutant klonlar; kiigiik tek tip (KTT, Sekil
3), bilyiik tek tip (BTT, Sekil 4) ve ikiz klon (Sekil 5)
olmak ftizere lice ayrilmaktadir. Bu mutant klonlar, normal
ve serrat kanatlara ait tiim kanat sektorleri (Sekil 6) igin
ayrt ayri olmak iizere sayilarak kaydedilmis ve istatistiki
degerlendirmeler yapilmistir. Istatistiksel
degerlendirmeler, oncelikle kontrol grubunu olusturan
distile su negatif kontrol grubu ile EMS pozitif kontrol
grubu arasinda ve daha sonra tiim uygulama gruplarmna ait
sonuglar ile distile su kontrol grubu arasinda yapilmistir.

Sekil 6. Normal ve serrat kanatlara ait sektorler (10X40)
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Yapilan incelemelerde, distile su negatif kontrol grubunda
normal kanat fenotipi (mwh/flr®) igin yalnizca 8 KTT
gozlenirken BTT ve ikiz klon gézlenmemistir. EMS pozitif
kontrol grubunda ise tim mutant klonlar;27 KTT, 11 BTT
ve 8 ikiz klon  kaydedilmistir.Serrat kanat fenotipi
(mwh/TM3) icin de distile su negatif kontrol grubunda
yalmizca 6 KTT gozlenirken EMS pozitif kontrol grubunda
20 KTT ve 6 BTT gozlenmistir. Negatif ve pozitif kontrol
gruplarma ait sonuglar istatistiki olarak birbiri ile
karsilagtirlldiginda EMS pozitif kontrol grubundamutant
klonlarda gozlenen artig her iki kanat fenotipi i¢in p<0,05
diizeyinde 6nemli olarak degerlendirilmistir.

Caligma kapsaminda genotoksik etkisi aragtirilan SBNNX
tekstil boyasina ait normal kanat fenotipi igin en diigiik doz
olan 150 ppm uygulama grubunda 17 KTT, 7 BTT ve 2
ikiz klon olmak tizere toplam 26 toplam mutant klon; 300
ppm’de 20 KTT, 9 BTT ve 3 ikiz klon ve toplam 32
mutant klon gbzlenmistir. En yiiksek uygulama grubu olan
450 ppm’de ise doz artigina bagli olarak daha fazla mutant
klon olugmustur ve bunlarda 24 KTT, 10 BTT ve 5 ikiz
mutant klon olarak degerlendirilmistir. 450 ppm uygulama
grubunda KTT, BTT ve ikiz olmak {iizere toplam 39 klon
saytlmistir. Ug uygulama grubuna ait ¥ klon frekanslari da
sirastyla 0,32, 0,40, 0,45 olarak hesaplanmigtir(Tablo 1).
Tablo 1’ de de goriildiigii gibi SBNNX’in i¢in 150 ve 300
ppm’de elde edilen veriler distile su kontrol grubu ile
istatistiki olarak karsilastirildigindaikiz klon tiplerinin
olusumu p>0,05 diizeyinde dnemsiz (i) iken KKT, BTT, X
mwh klon veX klon tipleri igin elde edilen sonuglar p<0,05
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diizeyinde pozitif dnemli (+) bulunmugtur. 450 ppm’de ise
ikiz klon olugsumu da dahil olmak {izere tiim klon
tiplerindeki artig p<0,05 diizeyinde pozitif onemlidir (+).
Uygulama gruplar1 i¢in KiF degerleri 1,22, 1,48 ve 1,74
olarak hesaplanirken distile su kontrol grubunda bu deger
0,40’dir (Tablo 1). Artan SBNNX konsantrasyona bagli
olarak KIF degerlerindeki artis tekstil boyasmnin
genotoksik etkili oldugunun gostergesi olarak kabul
edilmistir.

SBNNX tekstil boyasmin uygulama gruplarina ait serrat
kanat fenotipi ig¢in hazirlanan tiim kanat preparatlari,
mutant klon olusup olusmadigi bakimindan incelenmistir.
En disiik uygulama olan 150 ppm’de 11 KTT ve 3 BTT
olmak iizere toplam 14 mutant klon; 300 ppm’de 14 KTT
ve 5 BTT olmak iizere toplam 19 mutant klon ve 450
ppm’de ise 16 KTT ve 6 BTT olmak iizere toplam 22
mutant klon gdzlenmistir.150 ppm uygulama grubu igin
elde edilen wveriler, distile su kontrol grubu ile
kargilastirildigi zaman sonuglar KTT, BTT igin istatistiki
olarak p>0,05 diizeyinde 6nemsiz (i), ¥ mwh klon ve X
klon tipleri i¢in ise p<0,05 diizeyinde pozitif onemli (+)
bulunmustur. 300 ve 450 ppm uygulama gruplarinda ise
tim klon tiplerinde sonuglar p<0,05 diizeyinde pozitif
énemlidir (+). Ug uygulama grubuna ait KIF degerleri de
strastyla 0,71, 0,97 ve 1,12 olarak hesaplanmistir. Serrat
kanat fenotipinde, distile su kontrol grubuna gore her ii¢
uygulama grubu icin gozlenen KIF degerindeki arts,
somatik mutasyonlarmn artisi olarak degerlendirilmistir
(Tablo 1).

Tablo 1. SBNNX uygulama gruplarina ait kanat benek testi bulgular ve istatistiki analiz sonuglari

Kontrol Kanat KTT BTT ikiz ) ) Klon
ve sayis1 klon klon klon mwh klon indiiksiyon
uygulama (m=2) (m=5) (m=5) klon (m=2) frekansi
gruplar (m=2) KiF
(ppm) No Fr. D No Fr. D No Fr. D No Fr. D No fr. D &KIP
Normal kanat(Trans-heterozigot kanat - mwh/flr’)

Kontrol 80 8 (0,10) 0 (0,00) 0 (0,00) 8 (0,10) 8 (0,10) 0,40
(distile su)

Kontrol 80 27 (033 + 11 (013) + 8 (0,00 + 38 (047) + 46 (057) + 1,94
(EMS)

150 80 17 (0,21) + 0,08) + 0,02 i 24 (030 + 26 (032 + 1,22
300 80 20 (0,25) + 0,11) + (0,03 i 29 (036) + 32 (040) + 1,48
450 80 24 (0,30) + 10 (0,12) + (0,06) + 34 (042 + 39 (045 + 174
Serrat kanat(Dengeleyici heterozigot - mwh/TM3)

Kontrol 80 6 (0,07) 0 (0,00) Dengeleyici TM3 6 (0,07) 6 (0,07) 0,30
(distile su) kromozomu

Kontrol 80 20 (0,25) + 6 0,07 + varhginda flr3 26 (032) + 26 (0,32) + 1,33
(EMS) mutasyonu

150 80 11 (0,13) i 0,03) i meydana 14 (017) + 14 (©O17) + 071
300 80 14 (17) + 5 (007) + gel?ﬁfzdll(glglnden 19 (023) + 19 (023) + 097
450 80 16 (0,200 + 6 (0,10) + gozlenmez. 22 (0,27) + 22 (0,27) + 112

No: Klon Sayis1, Fr: Mutasyon Frekansi, D: Istatistiki Tan1, +: Pozitif (Genotoksik Etkili) , -: Negatif (Genotoksik Etkisiz), i: Onemsiz
Etkili, m: Tesir Faktorii, Distile su: Negatif Kontrol, EMS: Pozitif Kontrol
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Bazik boya 6zelligi gosteren SBXFDL, ¢aligmanin ikinci
tekstil boyasidir ve bu boya i¢in de SBNNX tekstil
boyast ile aymt  konsantrasyonlarda  uygulama
gruplariolusturulmugtur. SBXFDL’nin verileri normal
kanat fenotipi (mwh/flr®) igin incelendigindeen diisiik
uygulama grubu olan 150 ppm uygulama grubunda 15
KTT, 5 BTT ve 2 ikiz klon olmak {izere toplam 22
toplam mutant klon; 300 ppm uygulama grubunda 18
KTT, 8 BTT ve 4 ikiz klon ve toplam 30 mutant klon; en
yliksek uygulama grubu olan 450 ppm’de ise 20 KTT, 9
BTT ve 5 ikiz mutant klon olmak iizere 34 toplam klon
gozlenmistir. Ug uygulama grubuna ait KiF degerleri de
sirastyla 1,02, 1,33 ve 1,48 olarak hesaplanmustir (Tablo
2).

Tablo 2’de de gorildigi gibiozellikle 150 ppm
uygulama grubundatiim klon tipleri i¢in (KTT, BTT ve
ikiz klon) gozlenen artis, distile su kontrol grubu ile
istatistiki olarak karsilastirildiginda aradaki fark p>0,05
diizeyinde 6nemsiz (i) iken £ mwh klon ve X klon
tiplerinde pozitif etkili (+) ve ©6nemli (p<0,05)
bulunmustur. 300 ppm’de ise yalnizca ikiz klon olusumu
p>0,05diizeyinde 6nemsiz (i), KKT, BTT, £ mwh klon
ve X klon tiplerinin olusumu p<0,05 diizeyinde &nemli
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ve pozitif etkilidir (+). 450 ppm uygulama grubunda da
istatistiki sonuglar tiim klon tiplerinde pozitif 6nemli (+)
bulunmustur (p<0,05). Distile su kontrol grubunda KiF
degeri 0,40 iken uygulama gruplarina (150, 300 ve 450
ppm) ait KiF degerleri de sirasiyla 1,02, 1,33 ve 1,48
olarak hesaplanmistir.

SBXFDL wuygulama gruplari igin serrat fenotipine
(mwh/TM3) ait veriler de Tablo 2’de verilmistir. Tablo
2’de de goriildiigi gibi 150 ppm’de 10 KTT, 1 BTT ve
toplam 11 mutant klon; 300 ppm’de 11 KTT ve 4 BTT
olmak iizere toplam 15 mutant klon; 450 ppm’de ise 15
KTT ve 6 BTT olmak iizere toplam 21 mutant klon
g6zlenmigtir. Distile su kontrol grubu ile 150 ppm
uygulama grubuna ait veriler karsilagtirildigi zaman tim
klon tipleri i¢in istatistiki sonuglar p>0,05 diizeyinde
o6nemsiz (i) bulunmustur. 300 ppm’de KTT, BTT igin
sonuglar p>0,05 diizeyinde 6nemsiz (i) iken £ mwh klon
ve Z klon tiplerinde p<0,05 diizeyinde pozitif etkili (+)
ve oOnemli bulunmustur. 450 ppm’de ise tiim klon
tiplerine ait sonuglar pozitif etkili (+) ve oOnemlidir
(p<0,05). Uc uygulama grubuna ait KiF degerleri de
sirastyla 0,56, 0,76 ve 1,07 olarak hesaplanmistir (Tablo
2).

Tablo 2. SBXFDL uygulama gruplarina ait kanat benek testi bulgulari ve istatistiki analiz sonuglari

Kontrol Kanat KTT BTT ikiz b)) b)) Klon

ve sayis1 klon klon klon mwh klon indiiksiyon

uygulama (m=2) (m=5) (m=5) klon (m=2) frekansi

gruplar (m=2) .

(ppm) No Fr. D No Fr. D No Fr. D No Fr. D No fr. D KIP

Normal kanat (Trans-heterozigot kanat - mwh/flr®)

Kontrol 80 8 (0,10 0  (0,00) 0 (0,00 8  (0,10) 8  (0,10) 0,40

(distile su)

Kontrol 80 27 (033) + 11 (0,13) + 8 (0,10) + 38 (047) + 46 (057) + 194

(EMS)

150 80 15 (0,18 i 5 006 i 2 0,02 i 20 (0,25) + 22 (0,27) + 1,02

300 80 18 (0,22) + 8 (0,100 + 4 (0,05 i 26 (032 + 30 (037) + 1,33

450 80 20 (025 + 9 011) + 5 (006) + 29 (036) + 34 (0420 + 148

Serrat kanat (Dengeleyici heterozigot - mwh/TM3)

Kontrol 80 6 (0,07) 0 (0,00) Dengeleyici TM3 6 (0,07) 6 (0,07) 0,30

(distile su) kromozomu

Kontrol 80 20 (025 + 6 (007) +  varhgmndaflr® 26 (032) + 26 (0,32) + 133

(EMS) mutasyonu

150 80 10 (©012) i 1 0,01) i meydana 11 (0,23) i 11 (0,13) i 0,56

300 80 11 (013) i 4 (0,05 i gelmediginden 15 (0,18) + 15 (0,18) + 0,76

450 80 15 (0,18) + 6 0,08) + ikiz klon 21 (0,26) + 21 (0,26) + 1,07
gbzlenmez.

No: Klon Sayist, Fr: Mutasyon Frekansi, D: Istatistiki Tani, +: Pozitif (Genotoksik Etkili), -: Negatif (Genotoksik Etkisiz), i:Onemsiz

Etkili, m: Tesir Faktorii, Distile su: Negatif Kontrol, EMS: Pozitif Kontrol

Caligmada kullanilan diger tekstil boyast RB19 i¢in de
ayni dozlarda uygulama yapilmistir (150, 300 ve 450
ppm). Normal kanat fenotipi i¢in 150 ppm uygulama
grubunda 12 KTT, 6 BTT ve 3 ikiz olmak {izere toplam 21
toplam mutant klon; 300 ppm’de 14 KTT, 7 BTT ve 4 ikiz
ve toplam 25 mutant klon; en yiiksek uygulama grubu olan
450 ppm’de ise 19 KTT, 8 BTT ve 6 ikiz ve toplam 33
klon gdzlenmistir. Ug uygulama grubuna ait KiF degerleri
sirastyla 0,92, 1,07 ve 1,38 olarak hesaplanmistir (Tablo
3). Tablo 3’de goriildiigii gibi RB19’un i¢in 6zellikle 150
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ppm’de elde edilen veriler, distile su kontrol grubu ile
kargilagtirildiginda sonuglar p>0,05 diizeyinde KTT ve
ikiz klon tipleri i¢in 6nemsiz (i) iken, BTT, £ mwh klon ve
2 klon tiplerinde sonuglar p<0,05 diizeyinde pozitif
o6nemli (+) olarak bulunmustur. 300 ppm’de KTT ve ikiz
klon tipleri ,p>0,05 diizeyinde &nemsiz (i) iken BTT, X
mwh klon veX klon tiplerinde sonuglar p<0,05 diizeyinde
pozitif 6nemlidir (+). 450 ppm’de ise tiim klon tiplerindeki
artig, yine p<0,05 diizeyinde pozitif 6nemlidir (+). Distile
su kontrol grubunda KIF degeri 0,40 iken RB19 uygulama
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gruplarina (150, 300 ve 450 ppm) ait KiF degerleri de
sirastyla 0,92, 1,07 ve 1,48 olarak hesaplanmistir. Artan
RB19 konsantrasyona bagli olarak KIiF degerlerindeki artis
mutant klon uyarimini gostermektedir.

Uygulama gruplarinin serrat kanat fenotipinin verileri
incelendiginde ise 150 ppm uygulama grubunda 6 KTT
ve 2 BTT toplam 8 mutant klon; 300 ppm’de 10 KTT ve
3 BTT olmak iizere toplam 13 mutant klon; 450 ppm’ de
ise 14 KTT ve 5 BTT olmak iizere toplam 19 mutant klon
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gbzlenmistir. 150 ppm uygulama grubunda elde edilen
veriler, distile kontrol grubu ile karsilastirildigi zaman
tim klon tiplerinde sonuglar p>0,05 diizeyinde Onemsiz
(i) bulunmustur. 300 ppm’de KTT, BTT igin istatistiki
olarak 6nemsiz (i) olan sonuglar, ¥ mwh klon ve X klon
tiplerinde pozitif 6nemlidir (+). 450 ppm’de ise tiim klon
tiplerinde sonuglar p<0,05 diizeyinde pozitif dnemlidir
(+). Ug uygulama grubuna ait KIF degerleri de sirasiyla
0,40, 0,66 ve 0,97 olarak hesaplanmistir (Tablo3).

Tablo 3. RB19 uygulama gruplarma ait kanat benek testi bulgular1 ve istatistiki analiz sonuglar1

Kontrol Kanat KTT BTT ikiz i ) Klon
ve sayis1 klon klon klon mwh klon indiiksiyon
Uygulama (m=2) (m=5) (m=5) klon (m=2) frekansi
gruplari (m=2) KiF
(ppm) No Fr. D No Fr. D No Fr D No Fr D No Fr. D ( )
Normal kanat (Trans-heterozigot kanat - mwh/flr®)

Kontrol 80 8 (0,10 0  (0,00) 0  (0,00) 8 (0,10 8  (0,10) 0,40
(distile su)

Kontrol 80 27 (033) + 11 (013) + 8 (0,00) + 38 (047) + 46 (057) + 194
(EMS)

150 80 12 (015) i 6 0,07) + 0,03 i 18 (0,22) + 21 (0,26) 0,92
300 80 14 (0417) i 7 (0,08 + (005 i 21 (026 + 25 (031) + 1,07
450 80 19 (023 + 8 0,10 + 6 (0,07 + 27 (033 + 33 (041) + 138
Serrat kanat (Dengeleyici heterozigot - mwh/TM3)

Kontrol 80 6 (0,07) 0 (0,00) Dengeleyici TM3 6 (0,07) 6 (0,07) 0,30
(distile su) kromozomu

Kontrol 80 20 (025 + 6 (0,07 +  varhgndafl® 26 (032) + 26 (0,32) + 133
(EMS) mutasyonu

150 80 6 0,07) i 0,02) i meydana 8 010 i 8 (0,20) i 0,40
300 80 10 (012) i 003) i gel?;iefﬁg;den 13 (016) + 13 (0,16) 0,66
450 80 14 (017) + (0,06) + gozlenmez. 19 (0,23) + 19 (023) 0,97

No: Klon Sayisi, Fr: Mutasyon Frekansi, D: Istatistiki Tan1, +: Pozitif (Genotoksik Etkili) , -: Negatif (Genotoksik Etkisiz), i: Onemsiz
Etkili, m: Tesir Faktorii, Distile su: Negatif Kontrol, EMS: Pozitif Kontrol

4. Tartisma

Boyar maddeler, Diinya genelinde ¢esitli endiistriyel
alanlardayaygin olarak kullanilmaktadir. Zollinger (1987)
tarafindan 10.000 gesit pigment ve boyar maddenin diinya
capinda kullamldigi rapor edilmistir. Bu maddeler,
kullanim sonrasi dogrudan ya da dolayli olarak sektorel
alanlarin digina dogaya az veya ¢ok olarak salinmakta ve
ekosistem tlizerinde olumsuz etkilere sebep
olmaktadirlar.Diinyada artan niifusa paralel olarak yasama
dair ihtiyaglarin artisi ile birlikte endiistrinin gelismesi,gok
daha fazla miktarda kullanilan/kullanilacak  boyar
maddelere ¢esitli canlilarin ve 6zellikle insanlarin dolayli
ya da dolaysiz olarak maruz kalmasina sebep olmaktadir.
Khan ve Jain (1995) yaptiklar aragtirmalarda, tekstil atik
sular1 ile sulanan arazide yetistirilen bugdayda (Triticum
aestivum) biiylimenin inhibe edildigini gozlemislerdir.
Sharma ve Sobti (2000) tarafindan Hindistan’da yaygin
olarak kullanilan dort farklt boyanin (Sulphur Red Brown
360, Jade Gren 2G, Reactofix Turquoise Blue 5GFL ve
Direct Scarlet 31 4BS) prokaryotik organizmalarda
(Bacillus subtilis) doz artigmma bagli olarak biiyiimeyi
inhibe ettigi gdézlenmistir. Iceriginde boyar madde bulunan

atik sularin genotoksik etkilerinin Allium testi (gevresel
kirliligin hizli bir sekilde belirlenmesi i¢in kullanilan
standart bir yontem) ile arastirildigi bir bagka ¢alismada,
ozellikle kagit sanayi atik sularinin oldukga toksik
etkilioldugu goriilmiistiir (Nielsen ve Rank 1994).

Marwari ve Khan (2012)’1n yaptig1 ¢aligmaya gore, tekstil
atik suyu ile muamele edilen domates bitkisinde toplam
klorofil, karbonhidrat, protein ve nitrojen icerigi 6nemli
Olciide azalmistir. Tekstil boyasi olarak kullanilan
DB15’in de Pseudokirchneriella subcapitata (bir gesit
mikro alg)’da karotenoid miktarini azalttigi gdézlenmistir
(Hernandez-Zamora ve Martinez-Jeronimo 2019). Daha
once yapilan bir bagka calismada da, Direct Black 38
(DB38) ve Reactive Blue 15 (RB15) tekstil boyalarinin,
hayvansal ve bitkisel organizmalarda akut toksik ve
genotoksik  etkileri  arasgtirilmigtir.  Cucumissativus
(salatalik), Lactuca sativa (marul) ve Lycopersicon
esculentum (domates)’da, ¢imlenme ve kok uzamasinda bu
boyalarin sebep oldugu herhangi bir toksik etki
gozlenmemistir (de Olivera ve ark. 2018). Ancak 42 gesit
ticari tekstil boyasimin sucul toksisitesi, Daphnia magna
(su piresi) ve Raphidocelis subcapitata (bir gesit yesil alg)
kullanilarak Croce ve ark. (2017) tarafindan arastirilmig
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ve tiim boyalarin her iki grupta ozellikle alglerde toksik
etkili oldugu bildirilmistir.

Tekstil boyasi olarak kullanilan San G-GELB-GLE, Red
FBL, Blue FGRL ve Black FDL boyalarinin genotoksik
etkileri,60nemli genetik model organizmalardan birisi olan
D.melanogaster’de Eroglu Dogan (2002) tarafindan da
arastirlmis  ve bu boyalarn  mutajenik  oldugu
bildirilmistir. Ozata (2006) tarafindan yapilan baska bir
calismada da, yine bazi tekstil boyalarinin D.melanogaster
iizerinde hem toksik hem de genotoksik etkileri
arastirilmig ve tekstil boyalarinin biitiin
konsantrasyonlarinin hayatta kalig oranini azalttigi ve
somatik mutasyonlar1 uyardig: tespit edilmistir. Oztiirk ve
Uysal (2021, 2022), D.melanogaster’in erkek ve disi
popiilasyonlarinda ergin bireylerin Omiir uzunlugunu
kronik uygulanan Superfix Navy Blue BF ve Synacryl
Black XFDL  sentetik  boyalarmin  kisalttigini
gozlemiglerdir. Boyar maddelerin doz artigina bagl olarak
larval toksisitenin ve malformasyonlarin arttigi da yine
ayn1 yazarlar tarafindan bildirilmistir. Benzeri sonugclar,
Sahin ve Tiirkoglu (2014) tarafindan da gozlenmistir. Yine
Direct Yellow 86, Direct Orange 39, Direct Blue 200,
Direct Yellow 142 ve Direct Red 243 gibi sentetik boyar
maddelerin farkli dozlari da farelerde mutajenik etkili
bulunmustur (Senel ve ark. 2012).

Sunulan bu c¢aligmada, Drosophila kanat benek testi igin
degerlendirilen benek tiplerinden tek tip klonlar (KTT ve
BTT) transisyonal, transversiyonal, insersiyonal veya
delesyon tipi gibi nokta mutasyonlar, ayrilmama, delesyon
ve mitotik rekombinasyon sonucu meydana gelirken ikiz
klon tipi iiciincii kromozomun sentromeri ve flrigeni
arasindaki mitotik rekombinasyon ile olusmaktadir. Rai ve
ark. (2005)’a gore, Dispers Blue 291 boyast da DNA’da
insersiyon veya delesyona sebep olarak genetik kodda hata
olusturmaktadir.

Uygulama gruplarinda kullanmis oldugumuz ii¢ farkli
tekstil boyasinin (SBNNX, SBXFDL, RB19) somatik
hiicrelerde meydana getirdigi oksidatif strese dayali

hasarlarin, DNA  yapisinda degisikliklere neden
olabilecegini ve bunun da mutant klonlarm olusumunu
indiikledigini  disiinmekteyiz.  Somatik  hiicrelerde
beklenilmeyen/goriilmeyen ozellikle mitotik

rekombinasyon, hem tek tip klonlarin hem de ikiz
klonlarin olusumuna yol ag¢maktadir. Mutant klonlarin
olusumu da tekstil boyalarinin hem mutajenik hem de
rekombinojenik  oldugunun gostergesi olarak kabul
edilebilir. Ayrica Graf ve ark. (1998)’a gore, somatik
mutasyonlar hiicre bdliinmelerinin yogun oldugu erken
embriyonal evrelerde gerceklesirse mutant hiicrelerin
sayist da artmaktadir. Uygulamalardan elde ettigimiz
veriler, Graf ve ark. (1998)’mn bu gériisiiyle uyumludur ve
tekstil boyalariin artan dozlar1 ile benek sayisi arasinda
pozitif bir korelasyon oldugu Tablo 1-3°de goriilmektedir.
Kullanilan boyalarin genotoksisitesi i¢inde belirlenen
dominansi sirast SBNNX > SBXFDL >RB19 seklindedir.

5. Sonug

Bu caligmada, tekstil endiistrisinde kullanilan SBNNX,
SBXFDL ve RB19 sentetik boyar maddelerinin genotoksik
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etkileri Drosophila kanat benek testi ile arastirilmis ve doz
artigna bagli olarak her {ic boyanin da mutajenik ve
rekombinojenik etkili oldugu belirlenmistir.

Gelecekten bize odiing olan Diinya mirasin1 florasi,
faunasi, havasi ile sucul ve karasal ekosistemleriyle
koruyup bu mirasa sahip c¢ikabilmek, Diinya’nin gittikce
artan sessiz ¢igliklarin1 duyabilmek, bizlerin gidebilecegi
bagka bir Diinya’nin olmadigint bilmek insanoglunun en
onemli gorevleri arasindadir. Ancak, “cevre i¢in renkli bir
tehlike” olarak tanmimlayabilecegimiz, bir o kadar da
hayatimizin vazgecilmezleri arasinda yer alan tekstil
endiistrisine  ait tehlikeye de dikkat ¢ekebilmek
gerekmektedir. Kiiresel bir diizen i¢inde sucul ve karasal
ekosistem ile elbette ki teneffiis ettigimiz havanin ait
oldugu atmosfer artik kendine ait olmayan kirleticileri bize
geri gondermektedir. Yapilacak tek ve en onemli islev,

gelecek nesillere daha az yipranmig bir yeryiizii
birakabilmektir.
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Abstract: In this study, the in vitro antidiabetic, antioxidant activity and total flavonoid content (TFC) and total phenolic content (TPC)
of vinegar obtained from endemic Crataegus tanacetifolia (Lam.) Pers. (Rosaceae), (hawthorn) were examined. The hawthorn vinegar
obtained from Malatya province (MS) and the vinegar (TS) obtained from Konya were used as study material. Their antidiabetic
activity was determined by a-amylase and o-glucosidase inhibitory methods. Antioxidant activities were determined using 2,2-
diphenyl-1-picrylhydrazyl (DPPH), 2,2'-azino-bis (3-ethylbenzothiazoline-6-sulfonic acid) (ABTS) and ferrous iron chelating (FCA)
assays. The absorbance were read in the Elisa reader and evaluated with Excel and GraphPad programs. The MS has been found to
have higher a- amylase (95.12+ 3.71%) and a-glucosidase inhibitory (81.62 + 0.33%) effects. The TS demonstrated (94.13 + 3.85%)
a-amylase and (75.35 £+ 2.19%) a-glucosidase inhibitory activity, respectively. The TPC was found to be in TS (467.59 + 6.73) mg
GAE/mL MS (328.46 + 5.50) mg GAE/mL. The TFC was found as (1.94 + 10.36) mg CE/mL and (1.32 + 10.96) mg CE/mL in TS
and MS vinegar, respectively. The FCA was found to be in TS (33.37 = 0.53%) MS (31.08 + 10.87%). The DPPH radical scavenging
activity was found as (73.82 =£2.12%) in TS and (80.12 = 4.45%) in MS. ABTS radical scavenging activity was found to be the highest
in TS with (82.51+ 0.78%) and in MS found as (78.65 + 0.55%). The antidiabetic, antioxidant activity, TPC and TFC determinations

of these vinegars were performed for the first time with these methods.

Keywords: Bioactivity, Crataegus tanacetifolia, phytochemical, vinegar

1. Introduction

Diabetes is the most common metabolic disease worldwide.
Diabetes is a disease in which the glucose level in the blood
cannot be controlled due to the insulin hormone. The
number of people suffering from diabetes is increasing due
to nutritional disorders, hormonal and immune problems in
Turkey and in the world (Asgari et al. 2022). Traditional
treatment methods and herbal treatment options have
become increasingly important in the treatment of many
metabolic diseases such as diabetes.

During the onset and development of type 2 diabetes, the
cellular balance of carbohydrate and lipid metabolism is
affected by inappropriate glucose metabolism, resulting in
elevated postprandial blood glucose levels. Prolonged
hyperglycemia with diabetes leads to the formation of
Advanced Glycation End Products (AGEs), which are
involved in the generation of reactive oxygen species (ROS)
and cause oxidative damage (Haidara et al. 2009). In the
natural aging process, the accumulation of AGEs in the
organism and their interaction with their receptors are
accepted as one of the most important factors that damage

© EJBCS. All rights reserved.

cells and tissues, as in diabetes (Yilmaz and Karabudak
2018). Numerous studies have shown that cancer, aging or
neurodegenerative diseases are mostly associated with
excessive production of free radicals (Forman and Zhang
2021). Increased free radical production and oxidative stress
caused by hyperglycemia are the main causes of cognitive
dysfunction in diabetic patients (Kucukatay et al. 2007). It
has been reported that diabetes accelerates the mild
cognitive deterioration of dementia in the elderly (Xu et al.
2010). Moreover, diabetes independently increases the risk
of atherosclerosis as an inflammatory response (Folli et al.
2011; Forbes and Cooper 2013). In this case, high
homocysteine concentration has an important role in
causing vascular complications of diabetes (Hoogeveen et
al. 1998). One therapeutic approach for the treatment of
diabetes is to reduce postprandial hyperglycemia by
delaying glucose absorption through inhibition of enzymes
that hydrolyze carbohydrates such as a-glucosidase and a-
amylase in the digestive tract (Cheplick et al. 2010).
Antioxidant is any substance that can act directly or
indirectly on free radicals to delay, prevent or eliminate
oxidative damage in target molecules (Halliwell 2020)
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Bioactive components with antioxidant effects reported in
recent years are mainly phenolics, polysaccharides and
alkaloids (Kotodziej et al. 2019)

Vinegar has been used in the world for thousands of years
and has many activities such as antioxidant, anti-
hyperglycemic activity thanks to its bioactive components.
Bioactive compounds are found in small amounts in
foodstuffs and their effects on human health are constantly
being researched (Butnariu 2014; Rashed and Butnariy
2014). Since vinegar is produced from many fruits and
vegetables rich in amino acids, organic acids, phenolics,
vitamins and minerals, and shows antioxidant, anti-obesity,
antidiabetic and antimicrobial activities (Budak et al. 2011).
Bakir et al. (2017). It also has regulatory effects on blood
pressure and lipid metabolism. It is one of the most famous
folk remedies used to fight infections (Samad et al. 2016).
The consumption of vinegar as a home remedy for
managing high blood sugar levels was noted before on the
advent of today's antidiabetic drugs (OKeefe et al. 2008)

Crataegus L.(hawthorn) genus, belonging to the Rosaceae
family, is widely found in Asia, Europe and America and
consists of more than 1000 species (Alirezalu et al. 2020).
21 Crataegus species grow naturally in our country
(Dénmez 2004). Hawthorn contains numerous bioactive
compounds with multiple pharmacological activities and
functions. These components have been used to treat
inflammatory diseases and enhance human immunity (Li et
al. 2022). Hawthorn’s use dates back to ancient times, has
gained an important place in phytotherapy and has become
a popular herbal medicine due to its beneficial effects on the
cardiovascular system, antioxidant and antimicrobial
activity (Alirezalu et al. 2020). It has become a natural
treatment option as an alternative to synthetic drugs with
many side effects, and many studies have been conducted
on some species such as C. oxyacantha C. monogyna, C.
pinnatifida (Mecheri et al. 2021; Deveci et al. 2020;
Chowdhury et al. 2014). Hawthorn contains aromatic
amines, essential oils, phenolic acids, flavonoids (hyperine,
quercetin, spirein, rutin, and apigenin), picantosivanidins as
bioactive compounds (Bruneton 1999). Hawthorn
polyphenols mainly contain quercetin (74.58%) and
hyperoside (9.58%), which are important sources of
biological activity to inhibit a-glucosidase (Li et al. 2022)
Hawthorn berries contain a number of biologically active
substances expected to have anti-proliferative effects on
human cancer cells (Berghe 2012; Li et al. 2013). From the
anti-cancer function of triterpenoids in hawthorn. (Qiao et
al. 2015). Considering the rich content of flavonoids and
polyphenols with strong antioxidant activity in hawthorn, it
is expected to be applied in the development of functional
foods by improving memory-related dysfunctions (Miguez
et al. 2016, Sammari et al. 2021).

In the study, two different commercial products of vinegar
were used as study material.. The DPPH and ABTS free
radical scavenging test and Fe*? chelating assay were
performed to evaluate in vitro antioxidant potential of
vinegar samples. Total flavonoid quantification (TFC) and
total phenol quantification (TPC) were also conducted. In
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addition, the samples were also investigated against the
digestive enzymes of a-amylase and a-glucosidase using
96-well microplate technique.

2. Materials and Method

Two different commercial products of vinegar were used as
study material: one is hawthorn vinegar supplied from
Malatya province (MS), another one is vinegar from Konya
(TS).

2.1. Total Phenol Content (TPC)

The total phenolic content of the vinegars was measured
according to the method described previously with some
modifications (Ozdemir et al. 2022). 30 uL of TS and MS
samples was taken and placed in a 96-well microplate. 150
uL of tenfold diluted F-C reagent was added to it and left
for 5 minutes. After adding of 120 pL 7.5% NaCOs to stop
the reaction, it was kept in the dark for 1 hour. Absorbances
were read on an Elisa reader at 760 nm. Calibration curve
was created by serial dilution of gallic acid. The TPC was
calculated according to the equation and expressed as mg
equivalent to gallic acid per mL. The equation obtained by
the absorbance versus concentration of the serial dilution
solution of gallic acid is y = 0.0071x+0.1927, > = 0.9937.

2.2. Total Flavonoid Content (TFC)

The total flavonoid content of vinegar was determined by
method previously reported with minor modifications
(Ozdemir et al. 2022). Catechin was used for creating
calibration curve. 100 pL of TS and MS samples/catechin
serial solutions were placed in a 96-well microplate. 30 pL
of NaNO; was added on to it. After waiting for 5 minutes,
50 uL of AICIl; was added and the mixture was left in the
dark for another 6 minutes. Then, 50 uL of NaOH was
added and left for 10 min. Their absorbance was read at 510
nm on an Elisa reader. TFC was calculated according to the
equation obtained from catechin serial dilutions and
expressed as mg equivalent to catechin per mL. The
equation obtained by the absorbance versus concentration
of the serial dilution solution of catechin is: y = 0.0003x —
0.0169, r2=0.9918.

2.3. In Vitro Antioxidant Activity

2.3.1. DPPH Radical Scavenging Activity

The DPPH radical scavenging activity of hawthorn vinegar
was examined as described in previously published work
(Ozdemir et al. 2022). 12.5 pl of TS and MS samples were
taken with micropipettes and placed in a 96-well
microplate. Then 250 pl of 0.1 mM DPPH prepared in
methanol was added on it. The BHA was used as positive
control. After incubated for 1 hour in the dark at room
temperature, the absorbances were read on an Elisa reader
at 517 nm. The % radical scavenging activity value was
calculated according to the formula:

Ablank — Asample

Ablank x 100

% Inhibition =
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In the formula, A= Absorbance; Anank: Absorbance of the
solution without sample; Asample: Absorbance of TS and MS
Samples.

2.3.2. Fe*? Chelating Activity (FCA)

The iron chelating activity of hawthorn vinegar was
examined as described in previously published work
(Ozdemir et al. 2022). 50 pl of TS and MS samples were
taken with micropipettes and placed in a 96-well
microplate. Then, 160 pl of distilled water, 5 pl of 2mM
FeSO,4 were added to it. After 1 min of incubation at room
temperature, 10 pl of SmM ferrozine was added. The
mixture was kept at room temperature for 30 min. The
EDTA used as a positive control. Absorbance was read at
562 nm.

2.3.3. ABTS Radical Scavenging Activity

The ABTS radical scavenging activity of hawthorn vinegar
was examined as described in previously published work
(Ozdemir et al. 2022). Briefly, 50 pL of samples of TS and
MS diluted with the dilution technique were taken with
micropipettes and placed in a 96-well microplate. Trolox
used as a positive control. The final volume was made up to
50 pL with distilled water. 100 uL of ABTSe* working
solution was added to the wells and kept in the dark at room
temperature for 10 min. Absorbances were read on an Elisa
reader at 734 nm. The % ABTS radical scavenging activity
value was calculated according to the formula given in
DPPH method.

2.4. In Vitro Antidiabetic Activity
2.4.1. a-Amylase Inhibition Activity

The a-amylase inhibition activity of hawthorn vinegar was
determined with the Caraway Samogyi lodine/Potassium
lodine (12KI) method with minor modification (Ozek
2018). Briefly, 25 ul of TS and MS samples were taken with
micropipettes and placed in a 96-well microplate. 50 pl a-
amylase (0.8 U/mL enzyme solution prepared with
Phosphate buffer) was placed on it. After incubation at 37°C
for 10 minutes, 50 pl of starch solution was added. After
another 10 min of incubation, 25 ul of 1M HCl solution and
100 pul of 1/KI solution were added to stop the reaction.
Acarbose was used as a positive control. Absorbances were
read on an Elisa reader at 630 nm. The results were
evaluated with the formula given in the DPPH assay.

2.4.2. a-Glucosidase Inhibition Activity

The a-glucosidase inhibition effect of hawthorn vinegar was
determined with 96-well plate method as described
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previously (Palanisamy et al. 2011). In this assay, samples
were run in 4 parallel. 50 pL of TS and MS samples, 10 pl
of 0.4 U/mL a-glucosidase solution were taken and placed
in a 96-well microplate, then incubated at 37°C for 20 min.
125 pl of 0.1M phosphate buffer solution (PBS, pH=6.8)
was added and incubated for another 20 min at 37°C. After
adding 20 pl of 5SmM PNPG on the mixture, it was
incubated at 37°C for 30 minutes. 50 ul of 0.IN Na,COs
was added to stop the reaction. Acarbose was used as a
positive control. The absorbance was measured at 405 nm
on an Elisa reader. The results were evaluated with the
formula given in the DPPH assay.

3. Results and Discussion

In our study, the vinegar sample obtained from TS from
Konya and MS from Malatya were investigated and
compared in terms of total phenolic and flavonoid content,
antioxidant and inhibitory activity against digestive enzyme
of a-amylase and a-glucosidase. Statistical evaluation and
drawing graphs were done with Excel Program and
GraphPad prism software (8.0).

3.1. Total Phenol and Flavonoid Content (TPC & TFC)

The total phenol and flavonoid amount of vinegar samples
are given in Table 1. As seen in the results, the highest TPC
was found to be 467.59 £ 6.73 mg GAE/mL in TS vinegar,
it was followed by MS vinegar with TPC content of 328.46
+ 5.50 mg GAE/mL. The TFC was found as 1.94 + 10.36
mg CE/mL and 1.32 + 10.96 mg CE/mL in TS and MS
vinegar, respectively. In a study on C. tanacetifolia
(Ozdemir, et al. 2021), the total amount of phenol was found
to be 0.51 mg/ml. In our study, this value was found to be
higher in both vinegars.

3.2. In vitro Antioxidant Activity

The values of the DPPH, ABTS radical scavenging and
ferrous chelating activity results are given in Table 1.
According to the results, the highest DPPH radical
scavenging activity was showed by MS with 80.12 + 4.45%
inhibition, while TS sample was found as 73.82 + 2.12%.
The ABTS radical scavenging activity was found to be
highest in TS with 82.51+ 0.78% and in MS found as 78.65
+ 0.55%. The FCA was found to be higher in TS (33.37 +
0.53%) than in MS (31.08 + 10.87%).

In a study by Murathan et al. (2016), DPPH radical
scavenging activity were found to be 67.76% in C.
monogyna and 74.76% in C. sinaica. The C. tanacetifolia
and C. sinaica exhibited ABTS radical scavenging activity
51.62% and 68.61%, respectively. The TS and MS samples
in the current study we used showed higher activity in both
radical scavenging assay.
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Table 1. The total phenolic and flavonoid content and antioxidant
activity of C. tanacetifolia vinegar

Type Total Total DPPH  Fe* ABTS
of Phenol flavonoi radical chelating radical
extract content dcontent scaven  activity scavenging
(TPC) (TFC) ging (%) activity
GAE CE activit (%)
mg/mL mg/mLsa Yy (%0)
sample mple
TS 467.59+ 194 <+ 7382 3337 + 8251 +
6.73 10.36 +2.12 053 0.78
MS 32846+ 132 + 8012 31.08 = 78.65 =+
5.50 10.96 +4.45 10.8 0.55
BHA 90.33 - -
+0.25
EDTA - 2386 + -
7.83
Trolox - - 49.15 =+
4.11

The datas were expressed as Mean + Standard deviation (Mean = SS) of
three parallel mesarements.

3.3. In vitro enzyme inhibition activity

Enzyme inhibition results of vinegar samples and reference
substance acarbose are given in Table 2. As can be seen
from the table below, the MS has been found to have higher
a- amylase (95.12+ 3.71%) and a-glucosidase inhibitory
(81.62 + 0.33%) effects. The TS demonstrated 94.13 +
3.85% a-amylase and 75.35 + 2.19% a-glucosidase
inhibitory activity, respectively. In a study on a- glucosidase
inhibition of hawthorn, the percent inhibition activity value
of hawthorn sample was found to be 3.37 = 0.04 mg
hawthorn mL™ (Xiao et al., 2016). In our study, this value
was higher in TS and MS vinegars.

Table 2. o-amylase and a-glucosidase inhibitory activity of
vinegar samples and acarbose

Type of sample  a-amylase a-glucosidase
TS 94.13 +3.85 75.35+2.19
MS 95.13+3.71 81.35+£0.33
Acarbose 71.71 £2.94 78.68 +0.88

Note: TS: The vinegar sample from Konya, MS: The vinegar from
Malatya; Acarbose (Img/ml);
% Inhibition= mean of three measurements =+ standard deviation

4. Conclusion

Tiirkiye is home to many wild fruits. Hawthorn, which is
among them, has an important place in terms of its
beneficial effect on the cardiovascular system. In addition,
although it is known that hawthorn vinegar, which is
prepared from its fruit, has a sugar and cholesterol-lowering
effect among the public, scientific studies on this are not
enough. Therefore, in this study, the total phenol and total
flavonoid content were investigated in the vinegar produced
from the fruit of C. tanacetifolia obtained from Konya and
commercial product hawthorn vinegar. In addition to this,
in vitro antioxidant activity and inhibition against digestive
enzymes of a-amylase and glucosidase were also Turkiye is
home to many wild fruits. Hawthorn, which is among them,
has an important place in terms of its beneficial effect on the
cardiovascular system. In addition, although it is known that
hawthorn vinegar, which is prepared from its fruit, has a
sugar and cholesterol-lowering effect among the public,
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scientific studies on this are not enough. Therefore, in this
study, the total phenol and total flavonoid content were
investigated in the vinegar produced from the fruit of C.
tanacetifolia obtained from commercial product hawthorn
vinegar. In addition to this, in vitro antioxidant activity and
inhibition against digestive enzymes of a-amylase and
glucosidase were also investigated. When the results
obtained were evaluated, it was observed that hawthorn
vinegar had a significant antioxidant and enzyme inhibitory
effect associated with antidiabetic activity. All these values
show that hawthorn vinegar can be used to support health.
It is recommended by us to support the production of
hawthorn plant, which is produced only in certain regions in
our country, in other provinces and to carry out studies to
increase its consumption among the people.
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Ozet: Diinya capmnda 6nemli bir saglik sorunu olan ve viicutta asir1 yag birikmesiyle karakterize edilen obezite, tip 2 diyabet,
kalp-damar hastaliklar1 ve alkole bagl olmayan yagli karaciger hastaligi gibi bir dizi kronik hastalik riskini keskin bir sekilde
artirir. Diyet ve egzersiz gibi yasam tarzi miidahalelerinin obeziteyle miicadelede dnemli etkileri olmasina ragmen, kilo vermede
uzun vadeli basariy1 yakalamak son derece zordur ve obezite prevalansi diinya ¢apinda artmaya devam etmektedir. Gegtigimiz
birkac on yilda, obezitenin patofizyolojisi kapsamli bir sekilde arastirilmis ve artan sayida sinyal yolu obezite ile iliskilendirilmis,
obeziteyle daha etkili ve kesin bir sekilde miicadele etmek igin sinyal yollarina odaklanilmigtir. Mitojenle aktiflesen protein kinaz
(MAPK) sinyal yolu istah kontroliine, glukoz seviyelerinin diizenlenmesine ve yag hiicresi olusumuna katkida bulunurken ayn
zamanda insiilin direncinin gelismesine de yol agabilir. MAPK'nin rolii 6zellikle hipotalamus ve yag dokusunda vurgulanmustir.
Fosfatidilinositol 3-kinaz/AKT sinyal yolu, hiicre bilylimesinin ve ¢ogalmasiin diizenlenmesinde kritik bir rol oynar. Bu yolun
anormal aktivasyonu obezitenin gelisimini tesvik edebilir ve insiilin direncine katkida bulunabilir. Aragtirmalar, istahin
diizenlenmesinde sinyal yollari, yag dokusu metabolizmasi ve enerji dengesi arasindaki iligkilerin daha iyi anlagilmasi gerektigini
gostermektedir. Sonug olarak obezite yonetimine yonelik yenilik¢i ve gilivenli 6nlemlerin arastirilmasi gerekmektedir. Sinyal
yolaklar1 obezitenin patogenezinde dnemli bir rol oynamaktadir ve gelecekteki ¢alismalarin bu konuya daha fazla odaklanmasi
gerekmektedir.

Anahtar Kelimeler: Obezite, Sinyal yolu, MAPK sinyal yolu, PI3K/AKT sinyal yolu

Mitogen-activated protein kinase and phosphatidylinositol 3-kinase/akt signaling pathways in
the pathogenesis of obesity

Abstract: Obesity, a major health problem worldwide and characterized by excess fat accumulation in the body, sharply
increases the risk of a number of chronic diseases, such as type 2 diabetes, cardiovascular diseases and non-alcoholic fatty liver
disease. Although lifestyle interventions such as diet and exercise have significant effects in combating obesity, long-term
success in weight loss is extremely difficult to achieve and the prevalence of obesity continues to increase worldwide. Over the
past few decades, the pathophysiology of obesity has been extensively investigated and an increasing number of signaling
pathways have been associated with obesity, focusing on signaling pathways to combat obesity more effectively and precisely.
While the mitogen-activated protein kinase (MAPK) signaling pathway contributes to appetite control, regulation of glucose
levels and fat cell formation, it may also lead to the development of insulin resistance. The role of MAPK has been particularly
emphasized in the hypothalamus and adipose tissue. The phosphatidylinositol 3-kinase/AKT signaling pathway plays a critical
role in regulating cell growth and proliferation. Abnormal activation of this pathway may promote the development of obesity
and contribute to insulin resistance. Research shows that there is a need for a better understanding of the relationships between
signaling pathways, adipose tissue metabolism, and energy balance in the regulation of appetite. As a result, innovative and safe
measures for obesity management need to be investigated. Signaling pathways play an important role in the pathogenesis of
obesity, and future studies need to focus more on this issue.

Keywords: Obesity, Signaling pathway, MAPK signaling pathway, PI3K/AKT signaling pathway
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A Keskin

1. Giris

Yag dokusundaki asir1 artig, hem anormal yag hiicresi lipit
birikiminin (adiposit hipertrofisi) hem de hiperplazi olarak
bilinen Onciillerinin  katilmiyla yeni adipositlerin
gelismesinin bir sonucudur. Yag dokusundaki bu artis
sonucu ortaya ¢ikan obezite, tip 2 diyabetus melltus,
kardiyovaskiiler hastaliklar, metabolik sendrom , alkolsiiz
yagli karaciger hastalig1 gibi bulasici olmayan hastaliklarla
siklikla birlikte goriilen, giin gectikge kotiilesen bir saglik
sorunudur (Gustafson ve ark. 2019; Shen ve ark. 2022).
Obeziteye eslik eden komorbiditeler, hastalarin yasam
kalitesini kotiilestirir (Kiviméki ve ark. 2022). Bu da viicut
kitle indeksi ile orantili olarak saglik bakim maliyetlerinde
artisa karsilik gelir (Kent ve ark. 2019). Yakin zamanda
obezite ve asirt kilo prevalansindaki mevcut egilim
degismezse, yaklasik ekonomik maliyetlerin kiiresel gayri
safi yurt igi hasilanin %3,29'una yiikselecegi rapor
edilmigtir (Okunogbe ve ark. 2021). Toplu olarak,
obezitenin ge¢ ve geri dondiirilemez sonuglarinin
tedavisiyle iliskili olarak diinya niifusuna gelen bu 6nemli
sosyo-ekonomik yiikler, dikkatleri obezitenin ydnetiminde
yenilik¢i ve giivenli Onleme ve erken miidahalelerin
arastirilmasina ¢ekmistir (Miiller ve ark. 2022).

Tim canli sistemler ¢evreleri hakkinda bilgi edinir.
Hiicresel diizeyde bunu sinyal yollar1 araciligiyla yaparlar.
Bu tiir yollar, hiicre dis1 bir isaretin veya sinyalin varligini
algilayan ve hiicrenin i¢ kismina ileten molekiiller
arasindaki tersine cevrilebilir baglanma etkilesimlerine
dayanir  (Azpeitia ve ark. 2020). Bu etkilesimlerin
olusturdugu sinyal yollarinin modiile edilmesinde yer alan
eylemlerin anlagilmasi, hastaliklarin 6nlenmesi ve tedavisi
icin yararli bilgiler saglamaktadir (Keskin, 2023). Sinyal
iletimine iligkin gelisen bilgi, kisisellestirilmis tipta yeni
bir ¢aga girerken obezite aragtirmalarmin gelecekteki
yoniine 151k tutabilmektedir. Sinyal iletim yollart ile
obezite arasindaki iliskiye iliskin giderek artan sayida
kanit bulunmaktadir; Obezitenin patofizyolojisi kapsamli
bir sekilde arastirilmistir ve bu da obeziteyle daha etkili ve
kesin bir sekilde miicadele edilmesini miimkiin kilmaktadir
(Miiller ve ark. 2022).

Bilim ve teknolojideki gelismelerin yan1 sira ilag
sektoriiniin de hizla biiylimesiyle obeziteyle miicadelede
biiyilk basarilar elde edilmis; kalori kisitlamasi, yasam
tarzi yoOnetimi, farmakoterapi ve bariatrik cerrahi gibi
cesitli stratejiler obezite karsitt careler olarak onerilmigtir
(Wolfe ve ark. 2016; Trepanowski ve ark. 2017). Bununla
birlikte, bu miidahaleler kiiresel boyuttaki tibbi ihtiyaclari
kargilama kapasitesine sahip degildir. Son zamanlarda
istahin  diizenlenmesi ve periferik enerji emilimi,
depolanmasi ve tiiketimi ile ilgili ¢ok sayida faktor/sinyal
ortaya ¢ikarilmigtir (Huang ve ark. 2019; Xu ve ark. 2021).
Bu ilerlemeler obezitenin ortaya ¢ikisinin anlagilmasina
151k tutmaktadir. Bu sinyal yolllarinin modiile edilmesinde
polifenollerin rolii, yakin zamanda yapilan birgok
calismanin konusu olmustur (Keskin, 2023). Buna ek
olarak, bu sinyalleri hedef alan bazi bilesikler klinik
kullanima doniistiiriilmiistiir. Ornegin, obezite karsiti
arastirmalarin sicak noktasi olan istah diizenlemesi, hem
merkezi melanokortin yolu hem de leptin ve bagirsak
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hormonlari gibi periferik sinyaller tarafindan diizenlenir.
Kan gekeri diizeylerini diisiirebilen ve siklik adenosin
monofosfat’a (cAMP) bagimli sinyal yollartyla insiilin
salgilanmasi1 ~ tesvik  ederek  glukoz  toleransim
gelistirebilen bagirsaktan tiiretilen bir hormon olan
glukagon benzeri peptid 1 (GLP-1), aym zamanda
anoreksijenik noronlart dogrudan uyararak istahi da
azaltabilir. Ote yandan oreksijenik noronlart y-
aminobiitirik asit (GABA) bagimli sinyal yoluyla
baskilayabilir (Huang ve ark. 2019).

Obezitenin patofizyolojisi hala tam olarak anlasilmamis
olmasina ragmen, birgok yolla kontrol edilen heterojen bir
saglik sorunu oldugu yaygin olarak kabul edilmektedir.
Obezitenin ortaya ¢ikmasi ve gelismesinde yer alan sinyal
yollarmnin giderek daha iyi anlasilmasi, obeziteyle daha
kesin bir gsekilde miicadele etmemizi saglar. Bu derlemede,

obezitenin patogenezinde, ozellikle istahin
diizenlenmesinde, yag dokusu metabolizmasinda ve
fonksiyonunda, glukoz  hemostazinda ve  enerji

harcamasinda yer alan bazi sinyal yollarinin incelenmesi
amagclandi.

2. Materyal ve Metot

Obezite saglik sorununun patogenezinde sinyal yollariin
O6neminin daha iyi anlasilmasimi saglamak amaciyla
PubMed, Scopus, Web of Science ve Google Scholar
veritabanlarini  kullanilarak literatiir taramasi yapildi.
Anahtar kelime olarak, obezite, sinyal yolu, mitojenle
aktiflesen protein kinaz (MAPK) sinyal yolu ve
fosfatidilinositol ~ 3-kinaz  (PI3K)/AKT sinyal yolu,
kelimeleri kullanildi. Alintilama sayilar1 ve yayn tarihleri
dikkate alinarak 35 makale segildi. Ayrica bu segim,
obezite patogenezi esasina dayali olarak yapildi.

Literatiir taramasinda en c¢ok calisma yapilan iki sinyal
yolu, ana basliklar altinda kategorize edildi. Referans
olarak degerlendirmeye alinan ¢aligmalarda ilgili sinyal
yolu ile istahin diizenlenmesi, yag dokusu metabolizmasi
ve fonksiyonu, glukoz hemostazi ve enerji harcamasi
arasindaki iligkiye odaklanildi.

3. Memeli hiicrelerinde sinyal iletiminin kritik araci:
MAPK sinyal yolu

MAPK sinyali, hiicre dist uyarilar1 hiicre igi sinyallere
baglayan bir kinaz kademesi icerir (Pudewell ve ark.
2021). MAPK tarafindan gerceklestirilen fosforilasyon ile,
gen ekspresyonuna aracilik etmek ve proliferasyon,
inflamasyon, farklilasma ve apoptoz gibi hiicresel olaylar1
baglatmak ic¢in asag1r yondeki transkripsiyon faktorleri
aktive edilir (Sun ve ark. 2015). Hiicre dis1 sinyalle
diizenlenen kinaz (ERK) 1/2, c-Jun N-terminal kinaz
(JNK) ve p38 MAPK dahil olmak iizere MAPK sinyal
yolu fiyeleri istah, adipogenez, glukoz homeostazisi ve
termojenezin diizenlenmesinde ©6nemli bir rol oynar
(Kassouf ve Sumara, 2020).

MAPK aracili istah diizenlemesinin yan1 sira merkezi sinir
sistemindeki diger MAPK fonksiyonlar1 da obezitenin
patogenezine katkida bulunur. ERKI1/2, hipotalamik
néronlarda  glukozla uyarilan  proopiomelanokortin
ekspresyonunu arttirtr  ve anoreksijenik etkiye katilir



A Keskin

(Zhang ve ark. 2015). Buna ek olarak MAPK sinyal yolu
merkezi sinir sistemindeki JNKI1 nakavti, hipotalamik-
hipofiz-tiroid ekseninin negatif geri bildirimini bloke
ederek gida alimini azaltir ve enerji harcamasini artirir
(Sabio ve ark. 2010). p38 MAPK alt birimi nakavt veya
inhibisyonu olan embriyonik farelerden alinan primer
embriyonik fibroblastlarda ve yetiskin farelerden alinan
preadipositlerde, PPARy ekspresyonu artar, bu da p38
MAPK'in adipogenezi baskiladigini gdsterir (Aouadi ve
ark. 2006). Tersine, in vitro insan preadiposit farklilagsmasi
sirasinda p38 MAPK aktivitesinde artis gozlenir ve bu
hiicrelerde p38 MAPK'nin farmakolojik inhibisyonu,
trigliseritlerin ~ birikimini  ve  diger  adipogenez
belirtegleriyle birlikte PPARy ekspresyonunu azaltir
(Aouadi ve ark. 2007). Insan beyaz yag dokusunda, artan
hipertrofik adiposit sayis1 ayni zamanda yukari regiile
edilmis p38 MAPK sinyalleriyle de iliskilidir ve fosforile
edilmis p38 MAPK, aclik trigliserid, insiilin ve glukoz
diizeyleriyle baglantilidir (Bashan ve ark. 2007). Bu

bulgular p38 MAPK'nin adiposit farklilagmasi ve
adipogenez {lizerinde iki iglevli etkileri oldugunu
gostermektedir.

MAPK sinyal yolu, insiilin direncinin gelisiminde
yakindan rol oynar. MAPK sinyal yolunun birden fazla
noktadan defosforilasyonu ve deaktivasyonu, insiilin
reseptor substrat-1'in tirozin fosforilasyon seviyesini ve
insiilin sinyal transdiiksiyonuna aracilik etme kapasitesini
eski haline getirir (Khoubai ve Grosset, 2021). Benzer
sekilde, MAPK sinyal yolunun endojen bir aktivatorii olan
kaspaz 9'un eksikligi, yiiksek yagli diyetin neden oldugu
insiilin direncini ve adiposit bilylimesini azaltir (Zeng ve
ark. 2018). Yiiksek yagli diyet ile beslenen farelerden
alman yag dokularinda, entegre multiomik analiz,
makrofajlardaki MAPK sinyal yollarinda inflamatuar
genlerin zenginlestigini gostermektedir (Wang ve ark.
2021).

4. Hiicre biiyiimesi ve c¢ogalmasinin onemli bir
diizenleyicisi: PI3K/AKT sinyal yolu

Hiicre biiylimesi ve ¢ogalmasimin dnemli bir diizenleyicisi
olan PI3K/AKT sinyal yolunun anormal aktivasyonu,
obezitenin gelisimini tesvik etmektedir (Sun ve ark. 2019).
PI3K ve AKT, bu yoldaki hormonlar ve biiylime faktorleri
gibi yukar1 yonlii sinyaller tarafindan etkinlestirilen iki ana
diigimdir.  PI3K aktivasyonu, fosfatidilinositol 4,5-
bifosfati  fosfatidilinositol 3,4,5-trisfosfata doniigtiirtir,
fosfoinositid bagimli kinazlar1 ve AKT'yi aktive eder ve
ardindan glikojen sentaz kinaz3,  sirasiyla glikojen
sentezini, glukoz almimi ve adipogenezi diizenleyen
forkhead box protein (Fox) ailesini aktive eder (Hemmings
ve Restuccia, 2015).

PI3K/AKT sinyal yolunda katalitik bir alt birim olarak
bulunan rapamisinin memeli hedefi (mTOR) cok ¢esitli
onemli hiicresel siirecleri kontrol etme konusundaki
olaganiistii yeteneginden dolay1 hiicresel yaslanmada
onemlidir (Keskin ve ark. 2023). mTOR, mTORCL1 ve
mTORC2 olmak iizere iki farklt kompleks olugturur.
MTORC1 ve mTORC2 PI3K/AKT/mTOR sinyal yolunda
farkli hareket eder ve her ikisi de obezitenin patogeneziyle
yakindan iligkilidir. mTOR ayrica merkezi ve periferik

111

Eurasian J Bio Chem Sci, 6(2):109-113, 2023

sistemlerde istahin diizenlenmesine de katkida bulunur.
Hipotalamusta mTOR'un uyarilmasi, proopiomelanokortin
noronlarini aktive ederek gida alimmi azaltir ve hayvan
calismalarinda yasa bagli obeziteyi iyilestirir. PI3K/AKT
yolu, merkezi sinir sistemi ve periferik dokular yoluyla
istah1  diizenler. Leptinin hipotalamusun mediobazal
kismima etki ederek kismen PI3K-AKT-FoxO1l yoluyla
gida alimmi baskilamaktadir (Kwon ve ark. 2016).
PI3K'nin secici inhibisyonunun leptinin etkisini ortadan
kaldirdig1 rapor edilmistir (Hill ve ark. 2008).

PI3K/AKT yolu, insiilin sinyal yolu i¢in vazge¢ilmezdir.
Bu sinyalin diizensizligi obezitenin ciddiyeti ve insiilin
direnciyle iligkilidir (Li ve ark. 2017). AKT aktivitesi ile
viicut yag yiizdesi arasinda negatif korelasyon hem hayvan
modellerinde hem de insanlarda bulunmustur ve obez
popiilasyondaki insiilin direncinden AKT sorumlu olabilir
(Friedrichsen ve ark. 2010; Mackenzie ve Elliot,. 2014).
PI3K/AKT sinyallemesinin inhibisyonu, glukoz tasiyici 4
(GLUT4) depolama keseciklerinin bir elemani olan
Sortl'in bozulmasina yol agar ve insiilin duyarliligim
azaltir (Li ve ark. 2017).

5. Obezite ile miicadelede sinyal yollarinin 6nemi

Obezite tedavisinde egzersiz gibi yasam tarzi
degisikliklerle kilo kaybinin kontrollii olmasi gereklidir.
Kilo kaybinin kontrolsiiz olmasi, oksidatif stres
parametrelerinde artisa ve elektrolit dengesi
bozukluklarina yol agabilir ve bu durum yasami tehdit
edebilir (Keskin ve Aci 2022). Buna ek olarak, obezite
tedavisi icin klinik ortamda farmokoterapi igeren ¢esitli
yaklagimlar yaygin olarak kullanilmaktadir. Ancak bu
geleneksel segenekler hala etkisiz ve elverigsizdir ve
olumsuz etki riski tasimaktadir (Li ve ark. 2021).
Mekanistik kanitlardan klinik gézlemlere kadar obezite ile
morbidite/mortalite arasindaki nedensel baglanti uzun
siredir  bilinmektedir. ~ Obezitenin  etiyolojisi  ve
patofizyolojisinin  anlagilmasinda 6nemli ilerlemeler
kaydedilmis olmasina ragmen, obezite patogenezi ve
kisisellestirilmig tedaviler hakkinda gelisen bilgilerimiz
heniiz tatmin edici degildir. Hiicresel sinyal yollarinin
kodunun ¢oziilmesi, daha hassas ilaglara ydnelmemizi
saglayarak  obeziteyle miicadelede cephaneligimizi
zenginlestirmektedir (Wen ve ark. 2022).

Son yillarda yapilan ¢aligmalar ile yag dokusunun
kaderinin  belirlenmesi ve yag doku olusumunun
diizenlenmesi sinyal ve sistemik faktdrler tarafindan
belirlendigi rapor edilmistir. Ayrica adipojenik nisin doku
adipojenik kapasitesini etkileyebilmektedir. Sinyal ve
sistemik faktorler tarafindan belirlenen yag dokusu
kiitlesinin artmasiyla karakterize edilen obezite, metabolik
hastaliklara ve kansere karsi giiglii bir yatkinhk ile
iligkilidir (Ghaben ve Scherer, 2019). Farkli obez
popiilasyonlarda belirli sinyalleri/yollar1 hedefleyerek
hassas terapiye ulasilabilir. Bu kisisellestirilmis tedavi
stratejisinin, artan klinik ve biyolojik veri kiimelerine
dayali olarak yiiksek performanslhi bilgi islem ve yapay
zeka yardimiyla biiyiik dl¢lide gelistirilebilecegine dikkat
edilmelidir.  Bununla birlikte, sinyal iletimlerinin
karmagikligi nedeniyle, bireysel hastalarin molekiiler
suclularinin belirlenmesi hala zordur ve bu durum, klinik
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uygulamaya ceviriyi engelleyebilir (Wen ve ark. 2022).
Diger bir taraftan, obezite, timor hiicresinin hayatta
kalmasini, ¢ogalmasini ve metabolizmasint destekleyen
¢ok sayida onkogenik sinyal yolunu aktive eder. Bu
nedenle kanserli hastanin bakiminda obezitenin etkisinin
en aza indirilmesi kritik 6neme sahiptir (Hopkins ve ark.
2016).

6. Sonuc

Sonug olarak MAPK sinyal yolu, istah kontrolii, glukoz
seviyelerinin dengelemesi ve viicut 1sisinin ayarlanmasi
gibi iglevlerin yani sira yag hiicrelerinin olusumu ve
gelisimi {izerinde 6nemli etkilere sahiptir. Ayni zamanda
insiilin direncinin gelisiminde de rol oynar, bu da
obezitenin patogeneziyle yakindan iliskilidir. PI3K/AKT
sinyal yolu da, anormal aktivasyonunda obezitenin
gelisimini tegvik etmesinin yani sira obez popiilasyondaki
insiilin direncinden AKT sorumlu olabilmektedir. Aym
zamanda merkezi sinir sistemi ve periferik dokular yoluyla
istah1 diizenlemesine ve leptin salinimina etki ederek gida
alimin1  baskilamasina katkida bulunarak obezitenin
patogenezinde Onemli rolii olan diger sinyal yoludur.
Obezitenin ve neden oldugu bir¢cok saglik sorununun
tedavi maliyetini en disiik diizeylere indirmek ve
toplumdaki saglikli birey oranlarini en yiiksek diizeylere
yiikseltmek amaciyla obezitenin Onlenmesine yonelik
calismalar artarak devam edecektir. Bu ¢alismalarda,
sinyal yollarmin istah diizenlemesi, yag dokusunun
metabolizmast ve fonksiyonu, glukoz dengelemesi ve
enerji harcamasi arasindaki iliskiler oncelikli bir 6neme
sahip olacaktir.

Cikar catismasi beyani:

Bu c¢alismada
bulunmamaktadir.
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Abstract: Sideritis species belonging to Lamiaceae are represented by many species worldwide. They exhibit many bioactivities
including antioxidant, anticancer, antimicrobial, anti-inflammatory due to their important phytochemicals. Moreover, they are thought
to be important resources in the fight against cancer, especially due to their cytotoxic effects on cancer cells. Many studies on various
cancer cells have reported cytotoxic, antiproliferative and apoptotic properties of Sideritis species. In this study, the phytochemical
contents of Sideritis species growing in different geographies and their cytotoxic, antiproliferative and apoptotic effects in the fight

against cancer were discussed in detail.

Keywords: Sideritis, anticancer, antiproliferation, apoptosis, bioactivity

1. Introduction

Cancer is among the diseases that cause the death of many
people today. Factors such as smoking, an unhealthy diet,
high alcohol consumption, physical inactivity, and excess
body weight are among the main factors in the emergence
of cancer (Islami et al. 2018). According to research
conducted in recent years, lung cancer ranks first among the
most common types of cancer, although the order may vary
between men and women. However, cancer types such as
breast, prostate, colon, cervix and thyroid are also quite
common. (Siegel et al. 2023). Many patients diagnosed with
cancer die and it is thought that these deaths will increase in
the future.

There are different methods in the treatment of cancer such
as chemotherapy, radiotherapy, immunotherapy and
surgery (Huang et al. 2017). There are compounds of
synthetic and natural origin used in chemotherapy.
However, especially synthetic-based chemicals can cause
side effects such as anaphylaxis, cytopenias (including
leukopenia and neutropenia, thrombocytopenia, and
anaemia), hepatotoxicity, ototoxicity, cardiotoxicity,
nausea and vomiting, diarrhea, mucositis, stomatitis, pain,
alopecia, anorexia, cachexia, and asthenia (Oun et al. 2018).
Therefore, many studies have focused on compounds with
fewer side effects isolated from natural sources such as
plants. Agents such as vincristine, vinblastine, vindesine,

© EJBCS. All rights reserved.

vinorelbine (Vinca Alkaloids), paclitaxel and docetaxel
(Taxanes) and epothilones are some of plant-deriveted
agents used in the chemotherapy treatment of cancer (Marzo
and Naval 2013). Paclitaxel (taxol) is a compound isolated
from Taxus brevifolia and is used clinically for the treatment
of cancer (Karuppusamy and Pullaiah 2022). The number of
chemicals isolated from plants such as taxol is increasing
but still remains insufficient.

There are reports in studies conducted with members of
many plant families showing the interactions of these plants
with cancer cells. Plant extracts and compounds have been
shown to suppress events such as cell proliferation, invasion
and metastasis by activating the cell death pathway and
break acquired drug resistance (Ege et al. 2020; Cocelli et
al. 2021, Yumrutas and Yumrutas, 2022, Yumrutas and
Bozgeyik, 2023). Anticancer studies using plants generally
focus on compounds such as alkaloids, terpenoids and
phenolics isolated from them (Jiang and Hu, 2009; Rabi and
Bishayee 2009; Carocho and Ferreira 2013). One of the
most well-known plant families screened for these
substances is Lamiaceae. It is represented by many species
around the world, and species belonging to this family have
been used since ancient times. The sage is among the most
well-known in this family and also many species are also
consumed as spices and tea. Among these species, Sideritis,
which has many chemical compounds and has high
pharmacological effects due to these compounds, is quite
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remarkable. Sideritis genus, known as "mountain tea" in
Turkey, has important ethnobotanical characteristics.
Compounds such as phenolic and terpenoid contained in it
play a role in exhibiting important biological activities,
especially antioxidant. In this review, the distribution of
Sideritis species, their genus characteristics, their
pharmacologically  valuable  phytochemicals, their
bioactivities and especially their possible effects on cancer
cells are discussed in detail.

2. Characteristics of Sideritis species

From past to present, people have used plants for nutrition,
shelter, warmth, healing their wounds and treating their
diseases. It has been determined that there were 250 plants
that people used in treatments in 5000 BC. Hittites,
Egyptians, Sumerians, Assyrians and Mesopotamians have
used plants for treatment for years. Over time, the use of
synthetic drugs has led to a decrease in the use of medicinal
aromatic plants. After the 1900s, it has discovered the side
effects of synthetic drugs, and therefore the demand for
natural products has increased (Goktas and Gidik 2019).
With developing of modern science, it has been shown that
the phytotherapeutic effects of plants are related to
biologically active compounds formed through secondary
metabolites (Kralova and Jampilek 2021). Medicinal plants,
which have economic and medicinal value, are gaining
increasing importance and providing increasing benefits to
people (Chen et al. 2016).

It has been reported that the medical plants have been used
in treatment of diseases including cardiovascular diseases,
endocrine system disorders such as diabetes and goiter,
prostate, kidney and urinary tract inflammations, lung
diseases such as bronchitis, asthma and breath-opening, in
upper respiratory tract diseases such as flu, cold, sore throat
and cough, in stomach problems such as reflux, ulcers and
gastritis, in intestinal diseases such as abdominal pain,
constipation and diarrhea, in dermatological disorders, joint
pains, arthritis, muscle and joint diseases such as
rheumatism, Alzheimer's disease (AD), Parkinson's disease
(PD) and cancer (Baytop 1999; Karousou and
Deirmentzoglou 2011; Artuluk and Ezer 2012; Chiarini et
al. 2013; Ozturk et al. 2013; Melikoglu et al. 2015; Gregory
et al. 2021; Yin et al. 2021).

Moreover, in recent years, there has been a global trend
towards the use of natural substances. Plants as a source of
antioxidants and functional ingredients are used by the food
industry to adapt to the consumer market (Dziki et al. 2014).
According to available statistics, medicinal plants have
attracted more and more attention in recent years. While the
market share of medicinal plants in developing countries is
increasing, it is high in developed western countries such as
Europe (He et al. 2018) In traditional and ethnomedicine,
medicinal plants have long been recognized as the basis of
materials used in therapeutic practices worldwide. The
remarkable healing effect of traditional Chinese medicine
using herbal mixtures, especially during the Corona Virus
Disease 2019 (COVID-19) epidemic, has attracted great
attention worldwide (Zhang and Wang 2023). Lamiaceae is
one of the most important families containing a wide variety
of plants with biological and medicinal applications (Uritu
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et al. 2018). It consists of approximately 245 genera and
7886 species. They are distributed almost all over the world,
except for the cold polar regions (Abdelhalim and
Hanrahan, 2021). Some of these plants and their secondary
metabolites are highly appreciated in the food, agricultural,
cosmetic and pharmacological industries (Trivellini et al.
2016). Some of the largest genuses are Salvia (900),
Scutellaria (360), Stachys (300), Plectranthus (300), Hyptis
(280), Thymus (220) and Nepeta (200). Many of these plants
are used as spices and vegetables (Tamokou et al. 2017).
The Lamiaceae species are distributed almost all over the
world, especially in tropical and temperate regions. The
Lamiaceae is known for its numerous species with
medicinal properties and has a high content of essential oils,
polyphenolic compounds, and terpenoids with important
biological activities. Numerous studies have been reported
on different species of the Lamiaceae and their effects on
memory, anxiety, depression and sleep disorders
(Abdelhalim and Hanrahan 2021).

Although the Sideritis genus is distributed throughout the
world, especially in the Mediterranean basin, it is
represented by more than 150 species in a wide area from
the Bahamas to China, from Germany to Morocco (Oke
2006).

The therapeutic use of Sideritis species was first mentioned
in Dioscorides' book written in the 1st century; Mentioned
in “De Materia Medica”. The genus Sideritis L. takes its
name from the Greek word "sideros" (iron) and has been
used since ancient times to heal wounds caused by weapons
such as swords. Folklorically, decoction or infusion
prepared with the aerial parts of Sideritis species has been
used orally or topically for centuries due to its anti-
inflammatory, antiulcerogenic, digestive, antispasmodic,
anticonvulsant, antimicrobial, analgesic and wound healing
properties (Gonzales-Burgos et al. 2011; Yesilada et al.
1995).

One of the two main gene centers of Sideritis genus is
Turkey and therefore the endemism rate is 79.5%. Many
medicinal properties have been determined in the extracts
obtained from Sideritis species, and it is known that interest
in the plant has increased due to these properties. In
particular, its antistress, antibacterial, insecticidal, antiulcer,
analgesic and anti-inflammatory effects have been detected.
It attracts special attention due to its antioxidant properties
(Arabaci et al. 2014).

3. Overview of biological activities of Sideritis species

When the biological activities of Sideritis species are
evaluated, the first thing that stands out is their strong
antioxidant activity. It is thought that the strong phenolic
compounds found in its structure are responsible for these
activities. In the studies conducted, they exhibited
significant activities especially in tests such as DDPH,
ABTS and power reducing. Erkan et al. (2011) reported that
S. congesta and S. arguta species showed strong DPPH and
ABTS free radical scavenging activities due to their
important cinnamic acid and flavonoid derivatives. In a
different study, S. raeseri spp. raeseri has been shown to
reduce the arterial pressure and heart rate at doses of
24.31+3.87 mg/kg and 88.14+7.51 mg/kg (ECso). (Kitic et
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al. 2012). Additionally, in the same study, S. raeseri (0.005-
15 mg/ml) showed a vasodilator effect in aortic
preparations and caused a decrease in chronotropic and
inotropic activity in rat atria. Goulas at al. (2014) reported
that the extract obtained from S. syriaca by the decoction
method showed a remarkable antimicrobial activity against
Staphylococcus aureus. It was determined that S. scardica
methanol extract significantly reduced total tau, activation
of GSK3, ERK1 and/or ERK2 kinases of tau, as well as tau
hyperphosphorylation in the in vitro Alzheimer's test model
with SH-SY5Y and PC12 cells (Chalatsa et al. 2018). In
another study (Ververis et al. 2023), it was shown that
diethylether, ethylacetate and butanol fractions of S.
scardica, which were determined to be very rich in
phenolics, protected the viability of Ap25-35-treated SH-
SY5Y human neuroblastoma cells. In a different study, anti-
aging activity of S. scardica was demonstrated through
collagenase inhibition, prevention of advanced glycation
end product (AGE) formation, antioxidative and antiallergic
activities, and ultraviolet B (UVB)-induced matrix
metalloproteinase-1 (MMP-1) expression inhibition (Sato et
al.2022). Hernandez-Perez et al. (2002) showed that S.
lotsyi var mascaensis ethanol and chloroform fractions had
a significant topical anti-inflammatory and analgesic effect
in carrageenan and 12-o-tetradecanoyl-phorbol-acetate-
induced paw and ear oedema and in an acetic acid-induced
pain model in mice. In another study, acetone extract of S.
condensanta exhibited insecticidal/acaricidal activity
against Bemicia tabaci, Lasioderma serricorne and
Sitophilus granarius, while linearol isolated from Sideritis
condensanta exhibited activity against Bemicia tabaci,
Lasioderma serricorne, Tetranychus urticae (Kilic et al.
2009). Deveci et al. (2019) reported that while the urease
and choline esterase (AChE and BChe) inhibitory activities
were detected in hexane, acetone and methanol extracts of
S. albiflora, tysinase inhibitory activity was shown only in
acetone and methanol extracts. Kiipeli et al (2007) reported
that S. ozturkii acetone extract and ozturkoside C showed
strong antinociceptive activity in the p-Benzoquinone-
induced abdominal constriction test and a strong anti-
inflammatory effect in the Carrageenan-induced hind paw
edema model. Although the biological activities of some
Sideritis species have been mentioned above, other
information for comparison is given in Table

4. Cytotoxic and antiproliferative effects of Sideritis
species against cancer cells

The first method used to determine the anticancer activities
of an extract or compound is usually cytotoxicity tests. In
these tests, cells are grown in vitro and then exposed to the
agent used. Finally, the cells are stained with chemicals such
as MTT (3- (4,5-dimethylthiazol-2-yl)-2,5-diphenyl-2H-
tetrazolium bromide), SRB ( sulforhodamine B), XTT
((2,3-bis-(2-methoxy-4-nitro-5-sulfophenyl)-2H-
tetrazolium-5-carboxanilide), BrdU (Bromodeoxyuridine)
and the cells are measured spectrophotometrically to
measure cell viability and proliferation. There are many
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studies showing the cytotoxic activity of extracts and
compounds obtained from medicinal plants on cancer cells.
Among these plants, Sideritis genus has great importance.
Previous studies have shown the cytotoxic effects of
Sideritis species growing in different geographies on
different cancer cells. In the light of the data obtained in the
studies, it can be said that Sideritis species can significantly
inhibit the survival and proliferation of cancer cells. Table
2 shows information about the possible cytotoxic effects of
Sideritis species on cancer cells.

5. Apoptotic effects of Sideritis species against cancer
cells

It has been reported in the above studies that the viability
and proliferation of cancer cells are significantly reduced by
extracts and agents obtained from Sideritis species.
Although an extract or compound has an antiproliferative
and cytotoxic effect, it is not sufficient to evaluate
anticancer activity by cytotoxic activity alone. Some of the
main reasons for this are that cells can also die from factors
other than the extract applied under in vitro conditions.
Among these, cells may die spontaneously due to stress
conditions such as the high number of passages, storage
conditions, quality and content of the media used,
sensitivity of the researcher, infection of the cells, and errors
that may occur in the devices used in cell incubation.
Therefore, it is necessary to use some molecular markers in
addition to the cytotoxic effects of an extract or compound
whose anticancer activity is tested. One of the most used
tests for this is AnnexinV and propodium iodide (alternative
stains such as 7ADD are used). The basic principles here are
to stain phosphotidylserine, which moves from the cell's
inner membrane to its outer membrane when a cell
undergoes apoptosis, with fluorescent agents and to
determine the rate of apoptosis with cell counting devices
or fluorescent microscopes (Van Engeland et al. 1998).
Apoptosis is one of many known death pathways and is a
programmed death pathway (Savitskaya and Onishchenko,
2015). Under normal conditions, cells divide, differentiate
and die throughout their lives. Apoptosis plays an important
role in this process. Irregularities in apoptosis may cause
important diseases, especially cancer. Cells that enter the
cancer pathway continue to survive by suppressing this
pathway and escaping the immune system. As a result,
during apoptosis, swelling of the cell membrang,
condensation of chromosomes, fragmentation of DNA and
small vesicles of the cell membrane, cytoplasm and
organelles are observed in late apoptosis (Poon et al. 2014).
Apoptosis, which can be grouped as intrinsic and extrinsic,
is controlled by important enzymes. Both apoptotic and
anti-apoptotic proteins play a role in both apoptotic
pathways. Depending on the levels of these proteins, the
relevant apoptotic pathway is activated in the cells.
Apoptotic proteins such as Bax, Noxa, and Puma serve as
proteins that initiate apoptosis. Proteins such as Bcl-2,
Mcl1, Bel-xI are found in the mitochondrial membrane and
suppress mitochondrial apoptosis.
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Table 1. Overview to the biological activities and phytochemicals of Sideritis species

No Species Activities Extracts Compounds References
DPPH free radical scavenging Caryophyllene, germacrene-D, and a-cadinene, quercetagetin-
o . activity, reducing power (CUPRAC) assay, p- Acetone, methanol, . ! P . iy . .
1 Sideritis brevibracteata v . _g P ( . ) . Y, B L 3,6-dimethylether and chlorogenic acid, siderol, linearol, Sagir etal. 2017
carotene antioxidant tests, no anticholinesterase essential oil . .
. . .. eubotriol, 7-acetyl sideroxol
activity, weak butyryl-cholinesterase activity
a-pinene, [-pinene, sabinene, verbenol, and borneol, f-
Methanol,  ethyl caryophyllene and caryophyllene oxide, geranyl linalool, Siderol,
e DPPH free radical scavenging acetate, acetone, sideridiol, and 7-epicandicandiol, echinacoside, forsythoside B, .
2 Sideritis sipylea . . A ging - ac . epicant . y Axiotis et al. 2020
activity, tyrosinase and elastase inhibitory activity dichloromethane,  verbascoside,samioside,isoverbascoside,  allysonoside, and
essential oil leucoseptosideA,4-O-methylisoscutellarein 7-O-allosyl- (1—2)-
[6"-O-acetyl]-glucoside
Acid hydrolysis of
o DPPH free radical scavenging and ABTS free methanol, ethyl Rosmarinic acid, ferulic acid, caffeic acid, p-coumaric acid,
3 Sideritis congesta . . . L L - Erkan et al. 2011
radical scavenging activities acetate,  acetone chlorogenic acid, apigenin, myricetin, kaempferol
extracts
Acid hydrolysis of
4 Sideritis arguta DPF’H free rad'ical srta\'/gnging and ABTS free methanol, ethyl Rosmarini.c ac'id, ferulic. aciq, CfiffeiC z.icid., p-coumaric acid, Erkan et al. 2011
radical scavenging activities acetate,  acetone chlorogenic acid, quercetin apigenin, myricetin, kaempferol
extracts
Sideriti i . Hypotensi | t and cardiod t -
5 ideri |_s raeseri spp y_po_ _enswe, vasorelaxant and cardiodepressan Ethanol Kitic et al. 2012
Raeseri activities
. L. . . . X H latine, i llarein igl ides,  ver ide,
6 Sideritis syriaca Antioxidant and antimicrobial activity Decoction ypoelatine soscutellare diglucosides erbascoside Goulas et al. 2014
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7 Sideritis scardica

Sideritis

erytrantha

subsp. erytrantha

9 Sideritis  lotsyi var.
mascaensis

10 Sideritis brevibracteata

11 Sideritis condensata

12 Sideritis albiflora

13 Sideritis leptoclada
Sideritis  erythrantha

1 var. erythrantha and
Sideritis  erythrantha

var. cedretorum

Anti-Alzheimer’s activity

Antimicrobial activity

Analgesic and anti-inflammatory and no
antimicrobial activity of the fractions against
tested microorganisms

Anti-inflammatory, antinociceptive, antioxidant
and aldose reductase inhibitory activities

Insecticidal/acaricidal activity

Urease, tyrosinase and cholinesterase inhibitory
activity

Urease, tyrosinase and cholinesterase inhibitory
activity

Antioxidant and antimicrobial activities

Eurasian J Bio Chem Sci, 6(2):114-126, 2023

Methanol

Essential oil

Water and
chloroform
fractions of ethanol

extract

Methanol crude
extract,
chloroform, n-

butanol and water
fractions

Acetone

n-hexane, acetone,
and methanol

n-hexane, acetone,
and methanol

Essential oil
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Verbascoside, martynoside, echinacoside, lavandulofolioside,
allysonoside, leucosceptoside,  forsythoside,  samioside,
scutellarein, isoscutellarein, hypolaetin, and apigenin

a-pinene, sabinene, B-caryophyllene, 1-caryophyllene, alfa-
bisabolol

Hypolaetin, Isoscutellarein,
methylisoscutellarein, Verbascoside

30-Hydroxy-40-O-

Linearol, isolinearol, siderol,
acetylsideroxol,and candol B

sideridiol, sideroxol, 7-

Gallic acid, caffeic acid, p-coumaric acid, ferulic acid, trans 2-
hydrocxycinnamic acid, rosmarinic acid, transcinnamic acid

Fumaric acid, caffeic acid, 2,4-Dihydroxy benzoic acid, ferulic
acid, trans-2-Hydroxycinnamic acid, acid,
transcinnamic acid

rosmarinic

a-pinene, B-Caryophyllene, B-pinene, sabinene, limonene

Chalatsa et al. 2018

Altundag et al 2011

Hernandez-perez et al. 2002

Giiveng et al. 2010

Kilic et al. 2009

Deveci et al. 2019

Deveci et al. 2019

Kose et al. 2010
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15

16

17

18

19

20

21

Sideritis stritca

Sideritis italica

Sideritis libanotica ssp.
linearis

Sideritis
germanicopolitana

Sideritis ozturkii

Sideritis perfoliata

Sideritis raeseri

Eurasian J Bio Chem Sci, 6(2):114-126, 2023

Antioxidant, anticholinesterase, and anti- Methanol and
tyrosinase activities water

Antioxidant and antibacterial activities Essential oil
Antioxidant activity Methanol

In vitro inhibitory effects on lipoxygenase (LOX),

acetylcholinesterase (AChE) and
butyrylcholinesterase (BChE) enzymes Methanol
associated with inflammatory and Alzheimer’s

diseases

Anti-inflammatory and antinociceptive activities Acetone
Antiwrinkle, Hyper/Hypo-Pigmentation, Anti- Ethanol, essential
Acne, Antimycobacterial Activity oil

Antioxidant/antiradical, antimicrobial activity Essential oil
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Fumaric acid, gallic acid, protocatechuic acid, p-hydroxybenzoic
acid, catechin hydrate, 6,7-dihydroxy coumarin, 2,4-
dihydroxybenzoic acid, caffeic acid, vanillin, p-coumaric acid,
ferulic acid, coumarins, trans-2-hydroxycinnamic acid, ellagic
acid, rosmarinic acid, and trans-cinnamic acid

Kaur-15-ene, b-Cubebene, Palmitic acid, p-Metoxyacetophenone

(3' -O-methylhypolaetin 7-O-[6"- O-acetyl-B-D-allopyranosyl-
(1->2)]-6"-0-acetyl-B-D-glucopyranoside, sideridiol

5-allosyloxy-aucubine, melittoside, ajugol, five phenylethanoid
glycosides, verbascoside, martynoside, leucoseptoside A,
amalboside, decaffeoyl-verbascoside, four  flavonoids,
xanthomicrol, isoscutellarein 7-O-[6”"’-0-acetyl-b-
allopyranosyl-(1->2)]-b- glucopyranoside, 4’-0-
methylisoscutellarein 7-0-[6""-O-acetyl-b-allopyranosyl-(1-
>2)]- b-glucopyranoside, 3’-hydroxy-4’-O-methylisoscutellarein
7-0- [6°’-O-acetyl-b-allopyranosyl-(1->2)]-b- glucopyranoside,
dehydrodiconiferylalcohol 4-O-b-D-glucopyranose, pinoresinol
4’-0O-b-glucopyranoside

Ozturkoside A, Ozturkoside B, Ozturkoside C

B-Phellandrene, a-pinene, 3-pinene, Sabinene

Geranyl-p-cymene, geranyl-y-terpinene and geranyl-linalool

Deveci et al. 2018

Basile et al. 2006

Demirtas et al. 2009

Kirmizipekmez et al. 2021

Kiipeli et al. 2007

Lall et al. 2019

Mitropoulou et al. 2020
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22

23

24

25

26

27

28

29

30

Sideritis scardica

Sideritis scardica

Sidertis perfoliara

Sideritis spylea

Sideritis libanotica

subsp. linearis

Stachys thirkei

Sideritis ozturkii,

Sideritis caesarea

Sideritis raeseri
Raeseri

Sideritis ozturkii

spp.

Neuroprotective Activity against Alzheimer'

disease

Anti-skin Aging Activity

Scocidal activity

Antioxidant activity

Antimicrobial, antioxidant and anticholinesterase

activities

Antimicrobial, antioxidant and anticholinesterase

activities

Antimicrobial and antioxidant activity

Spasmolytic Activity

Antioxidant, enzyme inhibitory
inhibition, BChE inhibition,
inhibition, Amylase inhibition

(AChE
Tyrosinase
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Petroleum

ether,

dichloromethane,
methanol extracts
and their fractions

(diethyl ether,
acetate, butan

Ethanol

Methanol

ethyl
ol)

Water, acetone,
ethanol, methanol

Petroleum

ether,

acetone, methanol,

water

Petroleum

ether,

acetone, methanol,

water

Methanol

Ethanol

Methanol,
acetate, water

ethyl

Apigenin, myricetin-3-galactoside, and ellagic acid, Quercetin-3-
O-rhamnoside, Myricetin-3-galactoside, vanillic acid, 4-
hydroxybenzoic acid, caffeic acid, Luteolin-7-O-glucoside

Isoscutellarein,4’-O-methylhypolaetin,4’-O-methylisoscutellarein

Fumaric acid, syringiic acid, caffeic acid, luteolin

Quinic acid, malic acid, chlorogenic acid, rosmarinic acid,
coumarin, naringenin, luteolin, apigenin, kaempferol, rhamnetin

Quinic acid, malic acid, tannic acid, chlorogenic acid, rosmarinic
acid, coumarin, naringenin, luteolin, apigenin

Chlorogenic acid, quercetin-3-O-glucoside, quinic acid, loganic
acid, apigenin, gallic acid, ferulic acid, naringenin-7-O-glucoside,
apigenin-7-O-glucoside

Ververis et al. 2023

Sato et al. 2022

Celik et al. 2021

Nakiboglu et al. 2007

Ertas and Yener, 2020

Ertas and Yener, 2020

Sagdic et al. 2008

Brankovic et al. 2011

Zengin et al. 2019
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Table 2. Anticancer activities, extracts and compounds of Sideritis species

Eurasian J Bio Chem Sci, 6(2):114-126, 2023

No Sideritis sp. Compounds Ekstract Cancer cells Methods  Activity referances
. . . . . Malignant o _—
1  Sideritis leptoclada qu'c acid, malic acid, chlorogenic Ethanol, melanoma cancer MTT Cells were significantly inhibited Aydogmus-Oztiirk et al.
acid acetate 2018
(HT-144)
2-(p-hydroxyphenyl)ethylstearate, f-
sitosterol, stigmasterol, campesterol, DLD1 Hel a
2 Sideritis euboea ursolic acid, ursolic acid, eubol, Dichloromethane A549)’ " MTT Siderol exhibited potent cytotoxic activities Tomou et al. 2020
eubotriol, 7-epicandicandiol,
xanthomicrol, penduletin
10-O-(E)-feruloylmelittoside,
melittoside, 10-O-(E)-p-
coumaroylmelittoside, stachysosides
E. verbascoside, isoacteoside,
lamalboside, leonoside A,
isolavandulifolioside, isoscutellarein
3 Sideritis trojana 7-O-[6"-O-acetyl-p-allopyranosyl- o) PC3 prostate cancer yrr Only verbascoside showed cytotoxic activity Kirmizibekmez et al. 2012

(1-2)]-B-gluco  pyranoside, 4'-O-
methyisoscutellarein 7-0-[6"-O-
acetyl-p-allopyranosyl-(1—2)]-B-
glucopyr anoside, 3’-hydroxy-4'-O-
methyisoscutellarein 7-O-[6"-O-
acetyl-p-allopyranosyl-(1—2)]-B
glucopyranoside
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10

Sideritis syriaca

Sideritis perfoliata

Sideritis montana

Sideritis libanotica
subsp. linearis

Sideritis perfoliata

Sideritis pullulans

Sideritis raeseri

Gallic acid (GA), Protocatechuic acid
(PCA), p-hydroxybenzoic acid (p-
HA), cafeic acid (CA), chlorogenic
acid (CHA), p-coumaric acid (p-
Cou), ferulic acid (FA), o-coumaric
acid (o-Cou), rosmarinic acid (RA)
and trans-cinnamic acid

Quercetin,  resveratrol,  alizarin,
vanillic acid, caffeic acid,
hydroxycinnamic acid,

hydroxybenzoic acid, salicylic acid,
acetohyroxamic acid

Sideritins A and B. pomiferin E,
9a,13a-epi-dioxyabiet-8(14)-en-18-
ol, paulownin, 6-methoxysakuranetin,
3-0xo-a-ionol and  4-allyl-2,6-
dimethoxyphenol glucoside

Sideritone A, Sideritone B,
Sideripullol A, Sideripullol B,
Sideripullol  C, Sideripullol D,

Sideritiside A, Sideritiside B,

Geranyl-p-cymene, geranyl-y-
terpinene and geranyl-linalool

Methanol

Methanol

Methanol

Methanol

Ethanol

n-hexane, methanol

Essential oil
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Breast cancer cell

line (MCF-7)
Human cervical
cancer cell lines
(HeLa)

Human cervical
cancer cell lines

(HeLa, SiHa, and
C33A)

Vero, HeLa and C6

Human liver
carcinoma (HepG2)
and human cervical
cancer (HelLa), non-
cancerous Vero and
HaCat cell

HelLa, PC3

Human
immortalized
keratinocyte
(HaCat), human
melananoma A375,
human colon
adenosarcoma
Caco2, and human
prostate carcinoma
cell lines PC3 and
DU145
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MTT

MTT

MTT

BrdU

XTT

MTT

MTT

It exhibited strong cytotoxic activity at 100 and 250
ug/mL

It exhibited dose-dependent activity of 25-200
png/mL

While pomiferin e exhibited cytotoxic activity in
HelLa cells, 6-methoxysakuranetin showed strong
activity in C33A cells.

Extract showed cytotoxic activity on all cells tested

It showed moderate cytotoxic activity against
HepG2 cells and antiproliferation activity against
Hela cells at high doses. Moderately toxic to Vero
and HaCat cells at very high doses

All compounds tested showed cytotoxic activity at
doses higher than 100 puM.

It exhibited activity against all cells at doses of
0.114-0.216 mg/ml (EC50)

Yumrutas et al. 2015

Cocelli et al. 2021

Toth et al. 2017

Demirtas et al 2009

Lall et al. 2019

Faiella et al. 2014

Mitropoulou et al. 2020
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11

12

13

14

15

16

17

Sideritis libanotica
subsp. linearis

Stachys thirkei

Sideritis cypria

Sideritis
niveotomentosa

Sideritis perfoliata

Sideritis scardica

Sideritis ozturkii

Quinic acid, malic acid, chlorogenic
acid, rosmarinic acid, coumarin,
naringenin, luteolin, apigenin,
kaempferol, rhamnetin

Quinic acid, malic acid, tannic acid,
chlorogenic acid, rosmarinic acid,

coumarin, naringenin, luteolin,
apigenin

Melittoside, Geniposidic  acid,
Ajugoside,  8-epi-Loganic  acid,
Linearol, sidol, Apigenin, Acteoside,
Leucosceptoside A,
Lavandulifolioside, Lamalboside,

Leonoside A, Chlorogenic acid,

Propyl gallate, 1-
Monolinoleoylglycerol trimethylsilyl
ether,

a-Humulene, trans-Caryophyllene, B-
Phellandrene, Sabinene, a-pinene, -
pinene

Chlorogenic acid, quercetin-3-O-
glucoside, Quinic acid, loganic acid,
Apigenin, gallic acid, ferulic acid,
Naringenin-7-O-glucoside, Apigenin-
7-O-glucoside

Petroleum ether,
acetone, methanol,
water

Petroleum ether,
acetone, methanol,
water

Methanol and its
fractions

Methanol, acetone

Essential oil

Hydro ethanol

Water, ethyl acetate

and methanol
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Human lung cancer
cell line (A549)

Human lung cancer
cell line (A549)

Breast cancer cell
line (MDA-MB231)

DLD1, HL60 and
ARHT77 cell lines

Amelanotic
melanoma  (C32),
renal cell

adenocarcinoma
(ACHN), hormone-
dependent prostate

carcinoma
(LNCaP), and
breast cancer
(MCF-7) cell lines
Colon cancer
(mouse colon

adenocarcinoma
cell line Colon 26)

Breast cancer cell
line (MDA-MB231)

MTT

MTT

MTT

MTT

SRB
(protein-
staining
sulforoda
mine B)

WST-1

MTT

Moderately toxic

Moderately toxic

Methanol extract did not show cytotoxic activity.
The isolated apigenin derivatives showed strong
cytotoxic activity.

It showed strong cytotoxic effect at low IC50
against ARH77 cells, leaf extracts were cytotoxic
in HL60 cells.

It showed strong cytotoxic activity at doses of 100,
200, 400 pg/mL

It showed strong cytotoxic activity at doses of 400
and 600 pg/mL

Methanol and ethy! acetate extracts showed strong
cytotoxic activity

Ertas and Yener 2020

Ertas and Yener 2020

Lytra et al. 2021

Sezer and Uysal 2021

Loizzo et al. 2007

Dobrikova et al. 2023

Zengin et al. 2019

123



O Yumrutas et al.

When intrinsic apoptosis is stimulated, apoptotic proteins
overwhelm antiapoptotic proteins, causing pores to open in
the mitocondrial membrane and the release of factors such
as cytochrome C, apoptosis initiating factor, smac/diablo
(apoptosis inhibitor), OMI/HtrA2 (apoptosis inhibitor),
endonuclease G from mitocondria to the cytosol. Then,
DNA fragmentation occurs with the activation of stocromC-
APAF1-caspase9 and finally with the activation of caspase3
(Savitskaya and Onishchenko, 2015 In the extrinsic
apoptotic pathway, receptors and ligands on the cell
membrane are involved. As a result of the binding of death
ligands such as Tnf-alpha, FasL, TRAIL to Fas and TNF
receptors, the death domain (DISC) located in the
membrane becomes active and caspase 8 is activated.
Caspase 8 either activates Bid and thereby initiates
mitochondrial apoptosis or directly activates caspase 3.
Caspase 3 activates the caspase 3 CAD enzyme, which is
activated in both apoptotic pathways, and breaks DNA into
short fragments (Savitskaya and Onishchenko 2015; Larsen
and Sorensen 2017).

One of the most sought-after features in the fight against
cancer is that the agents tested for anticancer activity
selectively trigger apoptosis in cancer cells and have no side
effects or weak effects on normal cells. Therefore,
compounds obtained from plants are very valuable due to
both their suppressive effects on cancer cells and their low
side effects on normal cells. There are many studies
showing that chemicals obtained from different plants
induce apoptosis (Yumrutas et al. 2018; Cocelli et al. 2021).
However, the number of studies showing the apoptotic
effect of Sideritis species is limited. Aydogmus-Oztiirk et
al. (2018) showed that S. leptoclada ethanol extract caused
an increase in the level of a cytokine such as TNF-alpha,
which plays a role in immunity, inflammation, cell
differentiation, control of cell proliferation and apoptosis. It
has also been reported that ROS content increases in HT-
144 melanoma cells due to the increase in TNF-alpha level
and thus induction of apoptosis. Sezer and Uysal (2018)
showed that as a result of exposing DLD-1 human colon
cancer cells to S. ozturkii methanol and water extracts, the
expression of the pro-apoptotic protein BAX and APAF
gene increased significantly and the level of the anti-
apoptotic gene BCL-2 decreased. In another study, after of
the application of S. ozturkii ethyl acetate and methanol
extracts (ICsp at doses of 65.36 pg/mL and 32.15 pg/mL) on
breast cancer cell line, it was determined that the
proliferation of the cells decreased depending on dose and
time. However, only ethyl acetate extract has been shown to
increase Bax expression and decrease Bcl-2 expression
(Zengin et al. 2019). Moreover, Cocelli et al (2021) showed
that S. perfoliata methanol extracts induced apoptosis in
HeL a cancer cells at a dose 0f 200 pg/mL. It has been shown
that BAX, APAF and Caspase3 mRNA levels increase after
application of flower and leaf acetone and methanol extracts
of S. niveotomentosa to DLD1, HL60 and ARH77 cells
(Sezer and Uysal, 2021). Considering the literature
examples mentioned above, it can be said that different
extract groups of Sideritis species can induce apoptosis in
different cancer cells. Although some extracts inhibit the
survival and proliferation of cancer cells, they cannot
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induce apoptosis and therefore it should not be ignored that
other death pathways may be activated. However, markers
of both apoptotic and other death pathways need to be
examined molecularly. Almost all of the studies mentioned
here are cell-based in vitro studies, and most of the results
of these studies have not been supported in vivo. Therefore,
considering the phytochemicals of Sideritis species, more
comprehensive apoptotic  studies including animal
experiments are needed.

6. Conclusion

In this review, the biological activities of Sideritis species
and the phytochemicals such as phenolics, terpenoids and
alkaloids that may be responsible for these activities are
discussed. Many of Sideritis species have been shown to
significantly reduce the viability of cancer cells and inhibit
their proliferation. In addition to these effects, polar,
semipolar and non-polar extracts of these species have been
proven to induce apoptosis. Moreover, as a
recommendation, it is thought that the anticancer activities
of Sideritis species can be better understood by testing the
effects of these species on death pathways such as
ferroptosis, autophagy, necroptosis, as well as their
metastasis and invasion suppressor properties in vitro and in
vivo.
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