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Abstract: Nitrosamines (NAs) are classified as probable or possible human carcinogens by the International Agency for Research on
Cancer (IARC) and the presence of these impurities has resulted in numerous drug recalls from the market. In April 2020, ranitidine which
is prescribed to reduce the amount of acid secreted by the stomach has been recalled owing to contamination with NAs. In this work, a
simple and sensitive method for simultaneous determination of 10 NAs were developed, utilizing atmospheric pressure chemical ionisation
source coupled liquid chromatography tandem mass spectrometer (LC-APCI-MS/MS). By performing dynamic multiple reaction
monitoring (IMRM) mode, 10 NAs were separated on a Poroshell HPH C18 (4.6 x 150 mm, 2.7 um) column with gradient elution
implementing mobile phase A consisting of 0.2 % formic acid in water and mobile phase B consisting of methanol in 17 min. The proposed
analytical method was successfully implemented in active pharmaceutic ingredient (API) of ranitidine with a water-based extraction
procedure. Good linearity with a correlation coefficient (R?) > 0.994 was accomplished over the concentration in range of 0.5-50 ng/mL.
The limits of detection (LODs) ranged in 0.06-0.17 ng/mL and limits of quantitation (LOQs) ranged in 0.21-0.58 ng/mL of the method
met thresholds of US Food and Drug Administration (US-FDA) and European Medicines Agency (EMA) for testing of NAs. The accuracy
of the developed method ranged from 83.1% to 111.9 % and the percent relative standard deviation (RSD %) was < 8.9.

Keywords: N-nitrosamines, Ranitidine, Liquid chromatography, Mass spectrometry, Simultaneous determination

© EJBCS. All rights reserved.

1. Introduction

N-Nitrosamines, (NAs) which are commonly formed by the
interaction of a nitrosating agent generating from either
nitrite salts or nitrogen oxides with secondary, tertiary, or
quaternary amines, belong to a larger group of potent
carcinogens known as N-nitroso compounds (Bharate et al.
2021; Campillo et al. 2021). Therefore, the existence of
NAs in pharmaceuticals is a cause of concern for patients as
well as for regulatory authorities. Since July 2018, the
United States Food and Drug Administration (US FDA) and
the European Medicines Agency (EMA) recalled a great
number of medicinal products owing to the detection of
NAs above their daily acceptable limit (Wichitnithad et al.
2021). In the light of recent events in NA-contaminated
medicinal products, the global concern has raised beyond
angiotensin II receptor blockers (so called “sartans™) to
comprise the ranitidine. Ranitidine medicines are used for
decreasing the amount of acid produced by the stomach in

patients with conditions such as heartburn and gastric
ulcers. On April 1, 2020, the US FDA and EMA decided to
withdraw all prescription and over the counter (OTC)
ranitidine drugs from the market due to the presence of N-
nitrosodimethylamine (NDMA) impurity (Tuesuwan et al.
2021). There is a considerable literature on investigation
into the possible root causes of the NDMA formation in
ranitidine (Bharate et al. 2021; Tuesuwan et al. 2021; King
et al. 2020; Yokoo et al. 2021; Aldawsari et al. 2021; Shaik
et al. 2020). Moreover, regulatory authorities and research
groups have developed a number of analytical methods
aimed at determining accurate concentration of NA-
contaminants below the US FDA and EMA interim limits
of the NAs in both active pharmaceutic ingredients (APIs)
and final products (FPs) using gas chromatography-mass
spectrometry (GC-MS) with different analysers (single
quadrupole and triple quadrupole) equipped with either a
headspace (HS) system or direct injection, supercritical
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Table 1. Molecular structures, CAS numbers and abbreviations of NAs covered in the article.

Analyte Abbreviation CAS Number Molecular Structure
o ¢N\N /CH3
N-nitrosodimethylamine NDMA 62-75-9 |
CH,
NG
0~ °N CH,
N-nitrosodiethylamine NDEA 55-18-5 J
H,C
CH,
. .. . /N\ )\
N-nitrosodiisopropylamine DIPNA 601-77-4 0~ N CH,
r—|3c)\0|-|3
NG
0~ °N CH,
N-nitrosoethylisopropylamine EIPNA 16339-04-1 )\
H,C CH,
oéN\N/CHs
N-nitrosomethylphenylamine NMPhA 614-00-6 ©
N=0
N-nitrosodibutylamine NDBA 924-16-3 l H
HiC o~
o Z N _CH,
N-nitrosoethylmethylamine NMEA 10595-95-6
H,C CH,4
CH
NP
N-isopropylmethylnitrosamine NMIPA 4747-21-1 )\
H,C CH,4
o7 N
N-nitrosopiperidine NPIP 100-75-4
0@ N
N-nitrosopyrrolidine NPyR 930-55-2 < ?
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fluid chromatography, LC coupled with high resolution
mass spectrometer, LC-MS/MS and HPLC-UV (U.S. Food
& Drug Administration 2019; Health Canada 2019; U.S.
Food & Drug Administration 2018; EDQM 2019;
Schmidtsdorff et al. 2019; Parra et al. 2019; Masada et al.
2019; Ngongang et al. 2015; Ngongang et al. 2015; Lim et
al. 2020; Ripollés et al. 2011; AlShehri et al. 2020;
Giménez-Campillo et al. 2020; Liu et al. 2021).

The aim of this study was to develop and validate a simple,
robust, and sensitive dMRM-based method using LC-
APCI-MS/MS for simultaneous determination of ten (Table
1) nitrosamines in API of ranitidine in combination with
water-based extraction.

2. Materials and methods
2.1. Chemicals, reagents, and pharmaceutical

NDMA, NDEA (N-nitrosodiethylamine), NMBA (N-
nitroso-N-methyl-4-aminobutyric  acid), DIPNA (N-
nitrosodiisopropylamine), NDBA (N-nitrosodibutylamine),

NMPhA  (N-nitrosomethylphenylamine), EIPNA (N-
nitrosoethylisopropylamine), NMEA (N-
nitrosoethylmethylamine), NMIPA (N-

isopropylmethylnitrosamine), NPIP (N-nitrosopiperidine),
NPyR (N-nitrosopyrrolidine) and NDMA-D6 were supplied
by Toronto Research Chemicals (Toronto, Canada).
NDBA-D18, NDEA-D10 and NMPhA-D5 were purchased
from by Cambridge Isotope Laboratories, Inc.
(Massachusetts, USA). LC-MS grade methanol (MeOH),
LC-MS grade acetonitrile (ACN) and formic acid (purity
>98%) were purchased from Merck (Darmstadt, Germany).
Deionized (DI) water was prepared at our laboratory using
Elga Purelab (High Wycombe, United Kingdom) water
purification system. The API of ranitidine (as ranitidine
hydrochloride) was provided by local pharmaceutical
company.

2.1.1. Preparation of working solutions,
solutions, and quality controls

standard

The primary stock solutions of 1000 ug/mL of the ten NAs
(NDMA NDEA, DIPNA, NDBA, EIPNA, NMEA,
NMIPA, NPIP, NPyR and NMPhA in MeOH) were used for
the preparation of intermediary stock solutions. The
intermediary stock solution of NAs mix (10 pg/mL) and
stable isotope-labelled standard (IS) mix composed of
NDMA-D6, NDBA-D18, NDEA-D5 and NMPhA-D5 (1
pg/mL) were prepared in MeOH and stored in a freezer at -
20 °C. The working mix solution of NAs was prepared by
dilution with DI water at a concentration of 1 g/mL from the
intermediary stock solution and stored at -20 °C. Calibration
standard solutions were made by fortifying appropriate
volumes of NA working mix solution to obtain ultimate
concentrations of 2.5, 10, 25, 50, and 250 ng/mL in DI
water, which were then used in calibrator preparation.
Furthermore, quality control samples (QCs) were prepared
by spiking appropriate volumes of the working mix solution
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of NAs (10 g/mL) in not spiked ranitidine API to obtain QCs
at concentrations of 1 and 10 ng/mL.

2.2. Instrumentation and chromatographic conditions

Agilent HPLC system (Agilent Technologies, Santa Clara,
CA, USA) with flexible pump (G7104A), column
compartment (G7116B), and autosampler (G7129C)
coupled to Agilent Ultivo triple quadrupole LC/MS (6465B,
Agilent Technologies, Santa Clara, CA, USA) equipped
with APCI source was used for the experiments. Positive
chemical ionisation in dAMRM mode was used to detect NAs
in MS/MS. In comparison to MRM, dMRM has a related
delta retention time window (RTW) that can be turned on
and off dynamically without affecting the total cycle time.
It enables the instrument to only acquire MRM data during
the retention time window, maximizing dwell time and
improving sensitivity. The NAs were separated
chromatographically using an Agilent InfinityLab Poroshell
HPH C18, 4.6 x 150 mm 2.7 m (P/N 693975-702, Agilent
Technologies, Santa Clara, CA, USA) analytical column
maintained at 50 °C. DI water containing 0.2% formic acid
(mobile phase A, pH 3) and MeOH were used to make the
mobile phase (mobile phase B). The gradient elution was
programmed as follows: linear elution at the flow rate of 0.4
mL/min starting at 2% mobile phase B increasing to 22%
over 4 min, then converting to 66% mobile phase B at 0.6
mL/min, afterwards increasing linearly from 66% to 96%
mobile phase B within 4 min at the flow rate of 0.6 mL/min,
subsequently turning to 100% mobile phase B and
maintaining for 3 min at 0.6 mL/min, finally equilibrating
to the initial condition for 6 min. The analysis was
performed in a total run time of 17 min. The injection
volume was arranged as 20 pL. Following each sample
injection, the needle was washed with a solvent mixture of
MeOH and DI water (80:20; v/v). The autosampler's
temperature was set to 8 °C. The method's mass
spectrometer settings were as follows:; drying gas
temperature 300 °C, drying gas flow 6 L/min, nebulizer
pressure 55 psi, vaporizer temperature 350 °C, corona
current 4 pA and capillary voltage 3000 V. Product ion
transitions created by collision-induced dissociation (CID)
of the corresponding precursor ion were used to detect NAs
and ISs in MS/MS. NAs and IS dMRM transitions were
studied at optimum fragmentation voltages (FV), which
represented a common value for each precursor ion-product
ion mass transition, and optimum collision energies (CE),
which indicated a specific value for each product ion in
terms of voltage (V) unit. Table 2 also shows the retention
times (RTs) of NAs with a fixed RTW of 0.8 min for each
analyte in dAMRM mode. The analytes were quantified using
calibration curves established on the calibrator
concentrations, with matrix effect compensation based on
the vyields of the assigned 1Ss. Agilent MassHunter
Acquisition (version 1.2), Agilent MassHunter Qualitative
Analysis (version 10.0), and Agilent MassHunter
Quantitative Analysis (version 10.1) software programs
were used for data acquisition, qualification, and
quantification, respectively.
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Table 2. Mass transitions of analytes, I1Ss, RTs and MS/MS conditions

Eurasian J Bio Chem Sci, 7(2):66-75, 2024

Compound Name RT! Precursor Product? Fve CE?# Polarity
(min.) lon lon(s) (%) V)
(m/z) (m/z)

NDBA 9.4 159 57/41 90 12/17 Positive
NDEA 7.7 103.1 75/47.1 80 8/15 Positive
DIPNA 8.3 131.1 89.1/43.1 60 4/10 Positive
NDMA 5.4 75 58/43 80 8/15 Positive
EIPNA 8.0 117 75147 90 12/17 Positive
NMIPA 7.7 103.1 61/43 60 6/12 Positive
NMEA 7.0 89.1 61/43 70 9/9 Positive
NMPhA 8.3 137 107/65.8 80 10/21 Positive
NPIP 7.8 115.1 69/41 90 12/17 Positive
NPyR 7.1 101.1 55 90 15 Positive
NDMA-D6 (IS) 5.4 81.1 64/46.1 80 12/17 Positive
NDBA-D18 (1IS) 9.3 177.2 66.1 35 13 Positive
NDEA-D10 (IS) 7.7 113.1 81 45 10 Positive
NMPhA-D5 (IS) 8.3 142.1 71 45 22 Positive

1 Retention times acquired in dMRM mode

2 Mass transitions as product ions are shown respectively with corresponding CE value

% FV: Fragmentor voltage
4 CE: Collision energy

2.3. Sample preparation procedure

A 50 mg ranitidine APl was weighted in a glass tube. Then,
250 pL of IS mixture was pipetted to the tube and vortex for
5 sec. Next, 2250 pL of DI water was added to the tube and
agitated for 5 min. at room temperature. Following the
extraction step, the solution was filtered through a 0.45 pm
regenerated cellulose membrane prior to injection.

2.4. Quantification of NAs in prepared ranitidine API

In an HPLC vial, 100 puL of calibration standard solutions
(prepared in section 2.1.1.) were transferred. Following that,
50 uL of IS mixture was added and swirled for 5 sec. Before
injecting, 350 uL of DI water was added and vortexed for 5
seconds. After the injections were completed, a five-point
calibration batch was established in the ranges of 0.5, 2, 5,
10, and 50 ng/mL for the quantification of NAs extracted
from ranitidine API. The calibration curve was built using
the peak area ratios of the standards to the assigned ISs. To
achieve accurate quantification, great care was taken in
assigning ISs that were not stable isotope forms of
corresponding analytes. For API of ranitidine, NDEA-D10
was selected as IS for NMEA, NMIPA, NPIP and NPyR;
NDBA-D18 was selected as IS for EIPNA. NDMA-D6 was
assigned as IS for DIPNA (Table 3).

Table 3. Assigned 1Ss for Nas.

Compound Name API! of ranitidine

NDBA NDBA-D18
NDEA NDEA-D10
DIPNA NDMA-D6
NDMA NDMA-D6
EIPNA NDBA-D18
NMIPA NDEA-D10
NMEA NDEA-D10
NMPhA NMPhA-D5
NPIP NDEA-D10
NPyR NDEA-D10

1 API: Active pharmaceutic ingredient
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3. Method Validation
3.1. System Suitability

To evaluate the system suitability before wvalidation
experiments  and impurity  determination,  the
chromatographic system was checked in terms of
reproducibility. For this reason, a solution containing a
mixture of the lowest level of ten NAs was prepared. The
system suitability solution was injected with six replicates.
The system reproducibility was assessed by the variation of
peak area (RSD % <9) and retention time (RSD % <1) to
indicate the precision of injections.

3.2. Linearity and sensitivity

The linearity of the method was determined by analysing of
ten NAs at 5 calibration points in the range of 0.5-50 ng/mL.
The intercept, slope, and correlation coefficient (R?) were
evaluated by linear regression data analysis and fitting to a
linear regression model with a weighting factor of 1/x. The
correlation coefficient was >0.994 for all the calibration
curves of NAs. For evaluation of the sensitivity of analytical
method, limit of detection (LOD) and limit of quantitation
(LOQ) were determined according to ICH (The
International Council for Harmonisation of Technical
Requirements for Pharmaceuticals for Human Use)
validation of analytical procedures (CPMP/ICH/381/95),
based on the standard deviations at low concentrations.
Limit of detection for this method was determined from
repeated analyses of neat solution at lowest concentration.
The Lowest NAs concentration that could be measured with
99% confidence as 3 times the standard deviation was taken
as the LOD. The experiments were repeated ten times (n=
10). The correlation coefficient, LOD and LOQ for each
NAs are described in Table 4.
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Table 4. Linearity, LOD and LOQ result of NAs.

Eurasian J Bio Chem Sci, 7(2):66-75, 2024

3.3. Accuracy and precision
Considering the analytical range, two concentration levels

Compound name R? Lob LoQ of samples were used for accuracy and precision: low-level
(ng/mL) (ng/mL) and high-level spiked samples (referred to as LLQC and
NDBA 0.998 0.124 0.413 HLQC). Accuracy was performed ten replicates of LLQC
NDEA 0.998 0.065 0.210 (1 ng/mL) and HLQC (10 ng/mL) samples. Accuracy was
DIPNA 0.994 0.076 0.954 expressed ~as percentage (recovery ff/o) o_f the nominal
NDMA. 0.994 0.066 0.220 concentratlon._The results are summarized in Tat_)le 5. The
method precision was evaluated by repeatability (intra-day)
EIPNA 0.997 0.142 0.472 and intermediate precision (inter-day). The intra-day
NMIPA 0.997 0.072 0.240 precision was measured by comparing the relative standard
NMEA 0.998 0175 0.582 deviation (RSD %) of ten replicates of LLQC and HLQC
NMPhA 0.995 0134 0.445 during the same day. The |nter-'day precision was _measured
by comparing the percent relative standard deviation (RSD
NPIP 0.997 0.105 0.349 %) of six replicates of LLQC and HLQC on three
NPyR 0.998 0.092 0.308 consecutive days (Table 6).
Table 5. Accuracy values of NAs.
LLQC! HLQC?
Compound name n=10 n=10
Recovery % Recovery %
NDBA 111.9 101.5
NDEA 108.9 107.7
DIPNA 83.1 90.7
NDMA 104.9 101.2
EIPNA 85.5 88.4
NMIPA 110.3 101.7
NMEA 88.8 92.8
NMPhA 105.9 105.7
NPIP 108.7 1095
NPyR 101.0 101.7

1L ow-level quality control (LLQC): 1 ng/mL
2High-level quality control (HLQC): 10 ng/mL

Table 6. Intra-day and inter-day precision of NAs.

Compound name

Intra-day assay
RSD % (n=10)

Inter-day assay
RSD % (n=6x3)

LLQC! HLQC? LLQC HLQC
NDBA 2.44 4.27 5.94 3.96
NDEA 3.31 2.41 6.22 2.14
DIPNA 3.44 2.95 5.74 3.44
NDMA 4.83 1.96 5.85 1.76
EIPNA 6.15 5.89 8.91 5.80
NMIPA 2.64 2.72 421 2.43
NMEA 5.36 4.33 8.51 5.28
NMPhA 2.69 5.46 7.19 5.07
NPIP 3.97 2.67 4.56 2.34
NPyR 6.84 4.78 7.39 413

Low-level quality control (LLQC): 1 ng/mL
2High-level quality control (HLQC): 10 ng/mL
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3.4. Carry-over

The carry-over effect of the method was assessed by
running the blank sample (MeOH) after the analysis of the
highest concentration of the calibration curve. The response
in the blank sample obtained after the highest concentration
standard was not greater than 20% of the analyte response
and not greater than 5% of the internal standard response.

3.5. Robustness

The robustness of the developed method was evaluated to
investigate any influence on the peak retention and peak
area by changing the volume of acidic additive for both of
mobile phases (0.1 and 0.2 % formic acid). The results
showed that the mobile phase conditions had only a slight
effect on the peak retention time and all analytes were
within acceptable RSD % (< 15%), indicating the
robustness of the proposed method. With this in mind,
ARTW values of NAs were adjusted 0.8 min. in dMRM
mode.

4. Results and discussion

The APCI source, creating high signals for all NAs, was
selected as the ionization source for the determination of
NAs. Scan and MS/MS spectra were acquired from direct
infusion of 10 pg/mL of each NAs and ISs (prepared in
MeOH) at a flow rate of 0.3 mL/min, in positive mode with
APCI. By using these solutions, MS conditions including
MRM transition, drying gas temperature and flow,
nebulizer pressure, vaporizer temperature, corona current
and capillary voltage were individually optimized. To
improve sensitivity, dMRM mode which is centred on
individual retention time windows for each MRM transition
was performed. The dMRM method is allowed the
collection of satisfactory data points to provide an excellent
quantitative accuracy with better precision. After
optimizing MS/MS parameters, to identify the most suitable
analytical column for separation of NAs, Poroshell HPH
C18 (4.6 x 150 mm, 2.7 um, Agilent, USA) and Poroshell
HPH C18 (2.1 x 100 mm, 1.9 um, Agilent, USA) were
tested utilizing 100 ng/mL of NAs mixture prepared in
MeOH. During the LC optimization process, different
mobile phase combinations such as DI Water containing
formic acid and buffers such as ammonium formate
prepared at several concentrations (as mobile phase A), and
ACN or MeOH (as mobile phase B) were experimented for
best peak shape and peak area. Usage of an acidic content
in mobile phase A (adjusted pH=3) proved to be fitted in
terms of retention and separation of NAs. As the dAMRM
chromatogram shown in Fig. 1, Poroshell HPH C18 column
ensured sufficient resolution of NAs in total run time of 17
min. Sample preparation procedure was optimized for
ranitidine APl sample as hydrochloride salt form.
Extraction recoveries were evaluated by comparing the
analyte responses observed in spiked sample (1 and 10
ng/mL). Peak shape, symmetry and baseline resolution were
examined through the optimization of extraction
procedures. In this context, ACN, MeOH and DI water with
consisting of formic acid were tested as extraction solvents.
Among these extraction solvents, DI water showed better
resolution and recovery % by applying the developed
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method. NDMA was detected in not spiked API of
ranitidine at a concentration of 7.9 ng/mL (Fig. 2). Besides,
the analysis of low level-spiked (1 ng/mL) ranitidine API
were demonstrated excellent detection responses for the rest
of NAs (Fig. 3).

In the literature, liquid chromatography high resolution
mass spectrometry (LC-HRMS) and LC-MS/MS-API (U.S.
Food & Drug Administration 2019)-based methods were
developed and validated for the detection and quantitation
of NDMA in ranitidine drug substance and drug product.
The U.S. FDA introduced these analytical procedures for
ranitidine APl (LOD 0.3 ng/mL). Besides that, Lima HH et
al. (2020) reported a GC-MS/MS method for quantifying
NDMA and NDEA in ranitidine (LOD 0.3 pg/kg and 0.07
ug/kg, respectively) with solid phase extraction (SPE).
AlShehri YM et al. (2020) established a method for
ranitidine based on headspace solid-phase microextraction
(SPME) GC-MS technique for the determination of NDMA
with LOD of 1.0 pg/L. Giménez-Campillo C et al. (2020)
developed a method for the determination of nine volatile
NAs in ranitidine pharmaceutical products using GC-MS in
combination with dispersive liquid-liquid microextraction
(DLLME) preconcentration technique. The LODs
determined for all analytes in ranitidine ranged from 0.07 to
6.6 ng/g. In another literature, NDMA was measured by
ESI-LC-MS/MS in ranitidine products with LOD 1.0
ng/mL. This study was demonstrated highly sensitive and
selective method using a simple sample preparation
procedure compared to the other methods (summarized in
Table 7). U.S. FDA and EMA guidelines were taken into
account to validate the performance of the developed LC-
MS/MS method. The calibration curves for all NAs showed
to be linearity in the analytical range 0.5-50 ng/mL with
high correlation coefficients (R? > 0.994). LOD and LOQ
levels of all NAs were calculated to range between 0.06—
0.17 and 0.21-0.58 ng/mL, respectively. Intra-day and
inter-day precision were tested at low- and high-level
quality control samples. The method proved to be definite
with RSD % values-based between 1.9-6.8 % (intra-day)
and 1.7-8.9% (inter-day). The recovery of all NAs in API
ranitidine was within 83.-111.9 % at LLQC and HLQC.

In the literature, various sample preparation methods such
as liquid-liquid extraction (LLE) (Campillo et al. 2021),
solid-phase extraction (SPE) (Lim et al. 2020) and solid
phase microextraction (SPME) (AlShehri et al. 2020)
methods have been developed for the extraction and
preconcentration of nitrosamines. Therefore, the sample
preparation procedures for the analysis of nitrosamines
require excess solvent consumption and time costs.
Contrary to above mentioned methods, the developed
method in this article is based on “extract and shoot”
approach that can detect low levels of the selected
nitrosamines by LC-MS/MS with simple sample
preparation providing less solvent consumption. In addition,
the proposed method in this paper covers ten nitrosamines
compared to the limited analyte list of literature (Liu et al.
2021; Campillo et al. 2021; Lim et al. 2020; AlShehri et al.
2020).
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Table 7. LOD values for nitrosamines to make comparison with other studies in literature.

Method NDMA NDEA EIPNA RIPN NDBA  NPIP NPyR XDPh NMEA xMIP Ref.
LC-APCI- 0.066 0.065 0.142 0.076 0.124 0.105 0.092 0.134 0.175 0.072 This stud
MS/MS? ng/mL ng/mL  ng/mL ng/mL  ng/mL ng/mL ng/mL ng/mL ng/mL ng/mL y
SPE-GC- 0.3 0.07 ) ) ) ) i i i Lim 2020
MS/MSP ug/kg ug/kg

0.32 U.S. FDA

- c - - - - - - - - -

LC-HRMS ng/mL 2019

0.3 U.S. FDA
LC-MS/MS ng/mL 2019
HS-SPME- AlShehri
GC-MS* LOngl - ] - - - - ] ] ] 2020
DLLME-GC- 0.29 0.35 0.47 0.07 Campillo
Msf 6.6 ng/g nglg ) ) nglg nglg 2.5ng/g nglg 3.5ngfg - 2021
LC-ESI- 1.0 .
MS/MS? ng/mL - - - - - - - - Liu 2021

2L.C-APCI-MS/MS: Liquid chromatography-atmospheric pressure chemical ionization-tandem mass spectrometry detection.
b SPE-GC-MS/MS: Solid phase extraction-gas chromatography—tandem mass spectrometry detection.

¢LC-HRMS: Liquid chromatography-high resolution mass spectrometry detection.

4 LC-MS/MS: Liquid chromatography- tandem mass spectrometry detection.

¢ HS-SPME-GC-MS: Headspace-solid-phase microextraction-gas chromatography mass spectrometry detection.

f DLLME-GC-MS: Dispersive liquid-liquid microextraction-gas chromatography mass spectrometry detection.

9 LC-ESI-MS/MS: Liquid chromatography-electrospray ionization--tandem mass spectrometry detection.

5. Conclusion

In this work, an LC-APCI-MS/MS based method was
developed by performing dMRM mode for the
quantification of NDMA, NDEA, DIPNA, NDBA,
NMPhA, EIPNA, NMEA, NMIPA, NPIP and NPyR in a
single run for API of ranitidine. The dMRM significantly
extended the dwell time, which provided much higher
sensitivity and reproducibility than MRM. The developed
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Ozet: Bu calismada Hatay ili Payas ilcesi zeytin bahgelerinin bulundugu topraklarin yararli bor igeriginin ve bazi fiziksel ve
kimyasal 6zelliklerinin iligkileri aragtirllmistir. Caligma kapsaminda, zeytin bahgelerini temsil eden 14 fakli noktadan 0-30 cm ve
30-60 cm derinliklerinden 28 adet toprak 6rnegi alinmistir. Bu 6rneklerde topraklarin pH, toplam tuz, biinye, katyon degisim
kapasitesi (KDK), kireg, organik madde ve yararli bor igerikleri belirlenmistir. Arastirma sonuglarina gore, topraklarm pH degerleri
7.16 ile 8.30 arasinda degisirken, toplam tuz igerikleri % 0.007 ile % 0.226 arasinda degismektedir. Kil igerikleri % 7.00 ile %
43.00 arasinda, kum igerikleri % 19.00 ile % 73.00 arasinda ve silt igerikleri % 20.00 ile % 48.00 arasinda degismektedir. Kireg
icerigi % 3.40 ile % 21.90 arasinda degisirken, organik madde icerigi % 1.18 ile % 5.60 arasinda degismektedir. KDK igerikleri
10.49 ile 26.31 me/100 g arasinda bulunurken, yararli bor igerikleri ise 0.39 ile 1.06 mg/kg arasinda degismektedir. Hatay ili Payas
ilgesi zeytin bahgelerinin bulundugu topraklarinin yararl1 bor igerigi bakimindan incelendiginde, 0-30 cm derinlikte % 42.86'sinin
cok az, % 50.00'sinin az ve % 7.14'Uniin yeterli diizeyde oldugu belirlenmistir. 30-60 cm derinlikte ise % 28.57'sinin ¢ok az, %
64.29'unun az ve % 7.14'tiniin yeterli diizeyde oldugu goriilmiistiir. Topraklarin yararli bor icerigi ile tuz icerigi arasinda pozitif bir
iliski saptanmustir. Ayrica, topraklarin pH degeri ile kil igerigi, organik madde ve KDK arasinda negatif iliskiler gozlemlenirken,
pH ile kum igerigi arasinda dnemli bir pozitif iliski belirlenmistir. Topraklarin tuz igerigi ile organik madde arasinda ise pozitif, kil
icerigi ile kum igerigi arasinda negatif bir iligki bulunurken, kil ile organik madde ve KDK igerigi arasinda pozitif iliskiler
saptanmigtir. Ayrica, topraklarin kum igerigi ile silt igerigi, organik madde ve KDK arasinda negatif iliskiler tespit edilmistir; kum
icerigi ile kirec igerigi arasinda ise onemli bir pozitif iliski bulunmustur. Topraklarin kire¢ ile KDK arasinda negatif bir iliski
saptanmistir. Organik madde igerigi ile KDK arasinda ise pozitif bir iliski gozlemlenmistir. Sonug olarak, caligma alani
topraklarinda yararli bor igeriginin ¢ogunlukla diisiik seviyelerde oldugu ve bu nedenle bor giibrelemesinin gerekliligi
belirlenmistir.

Anahtar kelimeler: Payas topraklari, Yarayishi Bor, Fiziksel ve Kimyasal Ozellikler

Determination of useful boron content of olive orchard soils of Payas district of Hatay
province and their relationships with some soil properties

Abstract: In this study, the relationships between the beneficial boron content and various physical and chemical properties of the
soils in olive orchards in the Payas district of Hatay province were investigated. A total of 28 soil samples representing the study
area were collected from depths of 0-30 cm and 30-60 cm, and from 14 different points. These samples were analyzed for pH, total
salt content, texture, cation exchange capacity (CEC), calcium carbonate (lime), organic matter, and beneficial boron content.
According to the research results, the pH values of the soils ranged from 7.16 to 8.30, while the total salt content varied between
0.007% and 0.226%. The clay content ranged from 7.00% to 43.00%, the sand content ranged from 19.00% to 73.00%, and the silt
content ranged from 20.00% to 48.00%. The calcium carbonate content ranged from 3.40% to 21.90%, and the organic matter
content ranged from 1.18% to 5.60%. The CEC values ranged from 10.49 to 26.31 me/100 g, while the beneficial boron content
ranged from 0.39 to 1.06 mg/kg. When the beneficial boron content of the soils in olive orchards in the Payas district of Hatay
province was examined, it was determined that 42.86% of the samples at a depth of 0-30 cm had very low levels, 50.00% had low
levels, and 7.14% had sufficient levels. At a depth of 30-60 cm, 28.57% had very low levels, 64.29% had low levels, and 7.14%
had sufficient levels. A positive relationship was found between the beneficial boron content and the salt content of the soils.
Additionally, negative relationships were observed between the pH values of the soils and the clay content, organic matter, and
CEC, while a significant positive relationship was found between the pH and the sand content. A positive relationship was also
detected between the salt content and the organic matter of the soils. While a negative relationship was found between the clay and
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sand content, positive relationships were observed between clay and organic matter, as well as clay and CEC. Furthermore, negative
relationships were observed between the sand content and the silt content, organic matter, and CEC, while a significant positive
relationship was found between the sand content and the calcium carbonate content. A negative relationship was identified between
the calcium carbonate and CEC of the soils, while a positive relationship was observed between the organic matter content and
CEC. In conclusion, it was determined that the beneficial boron content in the soils of the study area was mostly at low levels,

indicating the necessity of boron fertilization.

Keywords: Payas soils, Available Boron, Physical and Chemical Properties

1.Giris

Zeytin (Olea europae L.), anavatani Anadolu olan ve
Akdeniz ikliminin hakim oldugu cografyalarda yetistirilen
o6nemli bir meyvedir. Diinyada 30-40 derece enlemler
arasinda 890 milyon zeytin agact bulunmaktadir ve bu
agaclarin  %97'si kuzey yarim kiirede yer almaktadir
(Tunalioglu ve Karahocaligil 2004). Zeytin yetistiriciligi
M.O. 4000 yillarinda Anadolu'da baslamis ve buradan
Akdeniz iilkelerine yayilmistir (Topaloglu ve Yal¢in 2023).
Topraklarm kimyasal 6zellikleri, bitkisel iiretimde onemli
bir rol oynar. Bu nedenle topraklarin kimyasal 6zelliklerinin
korunmast biiyiik 6nem tagimaktadir. Toprak pH', kireg ve
organik madde igerigi gibi kimyasal ozellikler bitkisel
tiretim agisindan dnemli fonksiyonlara sahiptir (Esen 2019).
Topraktaki bor elementinin miktar1 pH'in yani sira bitki
¢esidi, topraktaki degisebilir iyonlar, organik madde miktari
ve toprak sicakligi gibi faktdrlerden de etkilenir (Simsek ve
ark. 2003). Bitki besin maddelerinin topraklarda istenilen
diizeyde bulunmasi pH, tuz, biinye, organik madde, kire¢ ve
KDK gibi toprak faktorleri ile birlikte iklim kosullarina da
baglidir (Sevindik ve ark. 2017). Tarimsal iiretimin 6nemli
sorunlarinin basinda, topraklarda ¢ok fazla yapilan tarimsal
faaliyetlerin besin elementlerinin toprakta azalmasina
neden olmasidir. Bor noksanligi daha ¢ok su tutma
kapasitesi diigiikk, kum igerigi yiiksek, organik madde
miktar1 az ve yikanmanin ¢ok fazla oldugu asit karakterli
diisiik pH’11 topraklarda ortaya ¢ikmaktadir. Buna ek olarak
nasil ki pH’s1 diisiik topraklarda bor noksanlig1 goriilityorsa
da topraklardaki yiiksek pH ve kil igerigi fazla olan
topraklarda da bor noksanligi ortaya ¢ikmasi kaginilmazdir
(Giines ve ark. 2017). Topraklarda 6nemli olaylarin baginda
tarim alanlarinda ger¢eklesen kuraklik ve asir1 yagis da bor
alimmi etkileyen faktorlerden bazilaridir (Giirel ve ark.
2010). Hatay ilinde zeytin yetistiriciligi 6nemli bir tarimsal
faaliyettir. Bolgede zeytin bahgeleri topraklarinin yarayish
bor icerigi ve toprak 6zellikleri ile iliskilerini inceleyen bazi
¢aligmalar yapilmigtir. Aym bolgede, Yalgin (2023)
tarafindan yapilan c¢alismada Hatay ili Arsuz ilgesi
topraklarinin yarayisli bor igerigi ve bazi toprak 6zellikleri
ile iligkileri incelenmistir. Calisma sonucunda topraklarin
pH's1 7.65-8.42, toplam tuz % 0.013-0.033, kil % 18.88-
60.32, kum % 3.68-51.12, silt % 18.00-64.00, kire¢ % 0.62-
28.04, organik madde % 1.68-4.09, degisebilir Na 0.07-0.93
me/100 g, degisebilir K 0.26-1.34 me/100 g ve yarayish bor
iceriginin ise  0.09-1.22 mg/kg arasinda oldugu
belirlenmistir. Arsuz bolgesi topraklarinin yarayigh bor
icerigi bakimindan 0-30 cm derinlikte % 48.57'sinin ¢ok az,
% 42.86's1i1n az ve % 8.57'sinin ise yeterli diizeyde oldugu
saptanmistir. Bor igerigi tiim ¢aligma alan1 topraklarinda %
91’in tlizerinde az ve ¢ok az diizeyde belirlenmis olup
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topraklarin bor igeriginin yetersiz oldugu belirlenmistir.
Acikel ve Yalgin (2021) tarafindan yapilan ¢alismada ise
Hatay ili Reyhanli-Kumlu boélgesi topraklarinin yarayish
bor igerigi ve bazi toprak oOzellikleri ile iligkileri
incelenmistir. Caligma sonucunda topraklarin pH'inin 6.86-
8.44, toplam tuz % 0.007-0.070, kil % 15.84-76.56, kum %
0.72-51.44, silt % 16.72-47.28, kire¢ % 2.71-64.23, organik
madde % 0.40-2.89, KDK 26.43-91.13 me/100 g ve
yarayisli bor igeriginin ise 0.07-1.76 mg/kg arasinda
degistigi belirlenmigtir. Reyhanli-Kumlu topraklarinin
yarayigh bor igerigi bakimindan 0-20 cm derinlikte %
22.50'sinin ¢ok az, % 50.00'sinin az ve % 27.50'sinin yeterli
diizeyde, 20-40 cm derinlikte ise % 37.50'sinin ¢ok az, %
40.00'1 az ve % 22.50'si yeterli diizeyde oldugu tespit
edilmistir. Calisma alanmi topraklarinda bor igerigi tiim
calisma alani topraklarinda % 77’in iizerinde az ve ¢ok az
seviyede bulunmustur. Cimrin ve ark. (2019) Gaziantep ili
Nizip ilgesi zeytin bahgeleri topraklarmin bor durumunun
belirlenmesini amaglamiglardir. Arastirma sonuglaria
gore; topraklarin pH igerikleri 7.93-8.44; tuz igerikleri %
0.010-0.043; kil icerikleri % 33.04-61.04; kum igerikleri %
11.68-35.36; silt icerikleri % 18.32-50.32; kireg igerikleri %
8.11-93.28 ve almabilir bor igerikleri 0.06-1.18 ppm
arasinda bulunmustur. Calima bolgesi topraklari bor igerigi
bakimindan, 0-30 cm derinlikte % 85.00’inin ¢ok az, %
10.00’u az ve % 5.00’nin yeterli diizeyde, 30-60 cm
derinlikte ise % 95.00’i ¢ok az ve % 5.00’i az diizeyde
oldugu belirlenmistir. Topraklarin alinabilir bor icerikleri
ile sadece silt igerigi arasinda negatif 6nemli bir iligki
belirlenmigtir. Diger taraftan, topraklarin tuz icerigi ile kum
ve kireg igerikleri arasinda negatif, kil igerikleri arasinda ise
pozitif 6nemli iligkiler belirlenmistir. Ayrica, topraklarin kil
igerikleri ile kum, silt ve kireg icerikleri arasinda negatif ve
silt icerigi ile kireg igerigi arasinda ise pozitif 6nemli
iligkiler belirlenmistir.

Bu c¢alismada, Hatay ili Payas ilgesi zeytin bahgelerinin
bulundugu topraklarinin yarayish bor diizeyi ve bunlarin
baz1 toprak oOzellikleri ile iligkileri arastirilarak bolgedeki
zeytin yetistiricilerine faydali bilgiler sunulmasi ve ileride
yapilacak ¢alismalara 151k tutulmasi amaglanmustir.

2.Materyal ve Yontem

2.1.Materyal

Hatay ili Payas ilgesi zeytin bahgeleri topraklarinda
belirlenmis 14 ayr1 nokta (Sekil 1; Tablo 1) ve 2 fakli
derinlikten (0-30 ve 30-60 c¢m) alinan 28 adet toprak
orneginde yarayish B, topraklarin temel kimyasal ve
fiziksel 6zelliklerin belirlenmesi amaciyla alinan topraklar
analize hazir hale getirilmistir.
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Y Toprak Ornekleri

o 0.75 1.5 3 4.5 e """I:] Sinir
Sekil 1. Alinan toprak drneklerinin harita {izerindeki gériintimii
Tablo 1. Toprak 6rneklerinin alindig1 yerler
Toprak Ornek Yeri GPS ile E/W Toprak Ornek Yeri GPS ile E/'W

No Koordinatlari No Koordinatlari
1 Caglalik -1 (36.7860; 36.2419) 8 Kozludere-1 (36.7657; 36.2443)
2 Caglalik -2 (36.7859; 36.2443) 9 Kozludere-2 (36.7641; 36.2467)
3 Caglalik -3 (36.7850; 36.2362) 10 Kozludere-3 (36.7642; 36.2471)
4 Yakacik-1 (36.7798; 36.2372) 8 Kozludere-1 (36.7657; 36.2443)
5 Yakacik-2 (36.7790; 36.2833) 11 Sahil-1 (36.7555; 36.2019)
6 Yakacik-3 (36.7749; 36.2342) 12 Sahil-2 (36.7540; 36.2004)
7 Caglalik-4 (36.7799; 36.2398) 13 Tiitenbaca (36.7617; 36.2069)

2.2.Yontem 3.Arastirma Bulgular ve Tartisma

Toprak orneklerinde yarayislt bor, pH, toplam ¢6ziinebilir
tuz, KDK, kireg, OM ve biinye analizleri yapilmistir.
Topraklarm yarayigh B analizi 0.01 M mannitol + 0.01 M
CaCl; ekstrakti ¢ozeltisi kullanilarak elde edilen siiziikte
ICP-OES cihazi kullanilarak belirlenmistir (Cartwright ve
ark. 1983). Toplam c¢oziilebilir tuz; saturasyon ¢amurunun
iletkenlik aletinde 6l¢iilen direng degerlerinden belirlenmis,
pH ise saturasyon ¢amurunda pH-metre ile 6l¢tilmistiir
(Horneck ve ark. 1989). KDK, sodium asetat (1N pH: 8.2)
ekstraksiyon yontemi ile belirlenmistir (Knudsen ve ark.
1982). Topraklarin kire¢ (CaCOgs) igerikleri Scheibler
kalsimetresi aleti ile 6l¢tilmiistiir (Nelson 1982), topraklarin
OM igerikleri, Nelson ve Sommers (1982) tarafindan
bildirildigi sekilde modifiye edilmis Walkley-Black
yontemiyle belirlenmistir. Calisma alani topraklarin biinye
icerigi ise hidrometre yontemi ile (Bouyoucos 1952)
saptanmuistir.
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3.1.Topraklarin Baz1 Fiziksel ve Kimyasal Ozellikleri

Arastirma topraklarinin pH igerigi 6rneklerde en diisiik 7.16
iken, en yiiksek pH igerigi 8.30 olarak belirlenmistir.
Topraklarm 0-30 cm derinligindeki orneklerinin ortalama
pH icerigi 7.85 iken 30-60 cm derinlikteki 6rneklerde ise
7.78 olup iki derinlikte ortalama olarak 7.81 bulunmustur
(Topaloglu ve Yal¢in 2023). Toprak 6rneklerinin Eyiiboglu
(1999)’1n bildirdigi sinir degerleri gére pH’lar1 notr ile hafif
alkalin arasinda degismekle birlikte, alinan topraklarm %
17.86’s1 notr (6.5-7.5) ve % 82.14’1 ise hafif alkalin (7.5-
8.5) ozellikte oldugu goriilmistiir (Tablo 2) (Topaloglu ve
Yalgin 2023). Bayram ve ark. (2023) Adiyaman ili
antepfistig1 bahgelerinin toprak ornekleri ile verimlilik
durumlarmmin  belirlenmesi  amagladiklar1  ¢aligmada
topraklarin pH igeriginin 7.10-8.07 arasinda degerler
belirleyerek topraklarin notr ile hafif alkalin arasinda
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oldugunu ortaya koyarak benzer sonuglar bildirmislerdir.

Caligma alaniin topraklarmin tuz igerigi orneklerde en
diisiik % 0.007 iken, en yliksek tuz igerigi % 0.226 olarak
belirlenmistir. Topraklarin 0-30 cm derinlikteki 6rneklerin
ortalamasi tuz igerigi % 0.032 iken 30-60 cm derinlikteki
orneklerde ise % 0.025 olup her iki derinligin ortalamasi
olarak % 0.029 olarak bulunmustur. Toprak rneklerinin
Richards 1954’in bildirdigi sinir degerlere gore toprak
orneklerinin % tuz igerikleri bir nokta hari¢ tiim profil
boyunca tuzsuz smifinda yer aldigi belirlenmistir (Tablo 2).
Yakin bolgede yapilan ¢alismada, Gokgeoglu ve Cimrin
(2022) Hatay Altmozi ilgesi zeytin (Olea europaea L.)
agaclarinin yaprak ve toprak Ornekleri ile beslenme
durumunun  belirlenmesini  amagladiklar1  ¢aligmada
topraklarin toplam tuz igerigi yoniinden benzer sonuglar
ortaya koymustur.

Eurasian J Bio Chem Sci, 7(2):76-82, 2024

Calisma alant topraklarinin sirastyla kil, kum ve silt
miktarlar1 en diisiik % 7.00, % 19.00 ve % 20.00 iken, en
yiiksek kil, kum ve silt miktarlar1 % 43.00, % 73.00 ve %
48.00 olarak belirlenmistir. Topraklarm  0-30 cm
derinligindeki ortalama kil, kum ve silt miktarlart % 22.14,
% 44.29 ve % 33.57 iken 30-60 cm derinlikteki drneklerde
ortalama ise % 23.14, % 44.43 ve % 32.43 olup ortalama
olarak % 22.64, % 44.36 ve % 33.00 bulunmustur. Hatay ili
Payas ilcesi zeytin bahgeleri topraklar1 Cizelge 2’de
gorildiigi gibi % 42.86°s1tin, % 25.00°1 killi tin, % 14.28’1
kumlu tin, % 10.72’si kumlu killi tin, % 3.57’si siltli killi tin
ve % 3.57’si ise kil olmak iizere 6 farkli biinye sinifina
girmistir (Tablo 2). Bu bolgede yapilan ve Amik ovasi
topraklarinin  smiflandirilmasinin =~ ve  6zelliklerinin
belirlenmesi isimli ¢alismada Kili¢ ve ark. (2004) benzer
sonuglart bildirmistir.

Tablo 2. Payas bolgesi topraklarinin bor icerikleri ve bazi fiziksel ve kimyasal 6zellikleri

No Derinlik pH Tuz Kil Kum Silt Biinye Kire¢c O.M. KDK B
% % % % Sinifi % % me/100gr  mg/kg
1 0-30 7.69 0.020 33.00 3500 32.00 CL 11.70 5.60 23.91 0.62
30-60 7.37 0.010 21.00 39.00 40.00 L 11.70 4.35 22.88 0.99
2 0-30 7.88 0.011 17.00 45.00 38.00 L 9.30 4.47 15.95 0.42
30-60 7.58 0.010 21.00 41.00 38.00 L 13.20 3.39 10.49 0.57
3 0-30 7.85 0.007  27.00 43.00 30.00 CL 10.70 3.93 18.78 1.02
30-60 7.97 0.015 23.00 49.00 28.00 SCL 12.70 2.97 18.15 0.71
4 0-30 7.80 0.012 27.00 43.00 30.00 CL 4.90 3.00 17.83 0.43
30-60 7.64 0.011  27.00 43.00 30.00 CL 3.40 2.03 17.33 0.69
5 0-30 7.39 0.026  25.00 49.00 26.00 SCL 3.90 4.30 19.21 0.48
30-60 7.98 0.014 25.00 47.00 28.00 SCL 4.40 3.39 18.23 0.39
6 0-30 7.84 0.026  37.00 19.00 44.00 SiCL 4.00 5.32 26.31 0.41
30-60 7.94 0.015 43.00 19.00 38.00 C 4.00 3.87 23.63 0.43
7 0-30 8.30 0.011 7.00 73.00 20.00 SL 19.50 1.94 11.06 0.48
30-60 8.28 0.009 13.00 67.00 20.00 SL 17.10 1.70 10.91 0.67
8 0-30 7.89 0.012 17.00 55.00 28.00 SL 7.80 4.31 21.73 0.96
30-60 7.90 0.011  19.00 49.00 32.00 L 11.40 3.59 21.09 0.85
9 0-30 8.20 0.007 11.00 41.00 48.00 L 7.80 3.55 17.97 0.54
30-60 7.90 0.025 15.00 51.00 34.00 L 9.90 2.27 16.48 0.73
10 0-30 8.29 0.011 9.00 55.00 36.00 SL 7.80 1.18 11.13 0.82
30-60 7.86 0.009 11.00 49.00  40.00 L 8.30 1.42 13.17 0.48
11 0-30 8.08 0.014  23.00 43.00 34.00 L 18.80 3.19 16.23 0.64
30-60 7.80 0.010 25.00 43.00 32.00 L 21.90 2.85 15.38 0.73
12 0-30 7.81 0.010 29.00 35.00 36.00 CL 10.70 3.77 21.09 0.39
30-60 7.76 0.015 31.00 37.00 32.00 CL 12.70 3.65 20.79 0.44
13 0-30 7.44 0.226  25.00 43.00 32.00 L 6.90 5.31 20.16 0.97
30-60 7.81 0.160 23.00 4500 32.00 L 8.40 453 19.56 1.06
14 0-30 7.47 0.051 23.00 41.00 36.00 L 7.40 5.24 23.10 0.86
30-60 7.16 0.043 27.00 43.00 30.00 CL 6.80 4.73 23.64 0.95
Min 7.16 0.007  7.00 19.00 20.00 3.40 1.18 10.49 0.39
Max 830 0.226 43.00 73.00 48.00 21.90 5.60 26.31 1.06
Ort.(Av.) 0-30 785 0.032 2214 44.29 33.57 9.37 3.94 18.89 0.65
Ort.(Av.)  30-60 778 0.025 23.14 44.43 32.43 10.42 3.20 17.98 0.69
Genel Ort.(Av.) 781 0.029 2264 44.36 33.00 10.31 3.57 18.44 0.67
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Arastirma topraklarinin kireg icerigi 6rneklerde en diisiik %
3.40 iken, en yiiksek kireg icerigi % 21.90 olarak
belirlenmigstir.  Topraklarm  0-30 cm  derinligindeki
orneklerinin ortalama kireg igerigi % 9.37 iken 30-60 cm
derinliklerde ise % 10.42 olup, iki derinlikte ortalama olarak
% 9.37 bulunmustur. Toprak oOrneklerinin Loeppert ve
Suarez (1996)’1n bildirdigi degerlere gore kireg igerikleri
kiregli ile fazla kiregli arasinda degismekle birlikte,
topraklarin % 21.44°1 kirecli (% 1-5), % 64.28’1 orta kirecli
(% 5-15) ve % 14.28’s1 ise fazla kiregli (% 15-25) olarak
goriilmiistiir (Tablo 2). (Topaloglu ve Yal¢in 2023). Yakin
bir bolgede yapilan ¢aligmada, Kilig ve ark. (2023) Kilis ili
tarim topraklarinin beslenme durumunun incelenmesini
amagladiklart ¢alismada topraklarn kire¢ igerikleri
yoniinden % 90’ iizerinde orta ve fazla kirecli diizeyde
oldugunu benzer sekilde ortaya koymuslardir.
Topraklarmin organik madde igerigi drneklerde en diisiik %
1.18 iken, en yiiksek organik madde % 5.60 olarak
belirlenmigtir. Topraklarin 0-30 cm  derinligindeki
orneklerinin ortalama organik madde % 3.94 iken 30-60 cm
derinlikteki orneklerde ise % 3.20 olup iki derinlikte
ortalama olarak % 3.57 bulunmustur. Toprak 6rneklerinin
Ulgen ve Yurtsever (1995)’in verdigi smir degerlere gore
organik maddeleri az ile ¢ok yiliksek arasinda degismekle
birlikte, topraklarin % 14.28’i az (% 1-2), % 17.85’1 orta (%
2-3), % 32.15’1 yiiksek (% 3-4) ve % 35.72’si ise ¢ok
yiiksek (% >4) oranda organik madde goriilmiistiir (Tablo
2). (Topaloglu ve Yalgin 2023). Gokpinar ve Yalgin (2020)
Hatay ili Arsuz bolgesi topraklarmin pH, kireg, organik
madde ve katyon degisim kapasitesi igeriklerinin
belirlendigi ¢alismada topraklarin organik madde igeriginin
% 87’nin lizerinde az ve orta degerler olarak ortaya koyarak
benzer sonuglar bildirmislerdir.

Topraklarmin KDK igerigi orneklerde en diisiik 10.49
me/100g iken, en yiiksek KDK 26.31 me/100g olarak
belirlenmistir. Topraklarin  0-30 cm  derinligindeki
orneklerinin ortalama KDK 18.89 me/100g iken 30-60 cm
derinlikteki 6rneklerde ise 17.98 me/100g olup iki derinlikte
ortalama olarak 18.44 me/100g bulunmustur. Toprak
orneklerinin  KDK degerleri icerisinde diisiik ve orta
smifinda hi¢ 6rnegin olmadigi, 6rneklerin % 71.25’inin ¢ok
yiiksek siifinda ve % 28.75’inin yiiksek sinifinda yer aldig1
tespit edilmistir (Tablo 2). Yal¢mn ve Cimrin (2021) Hatay
ili Kirikhan-Reyhanli bolgesi topraklarinin besin elementi
durumlar1 ve bunlarin bazi toprak 6zellikleri ile iligkilerinin
belirlendigi ¢alismada topraklarin KDK igerigi 16.89-42.10
me /100 g olup ortalama KDK igerigi ise 31.53 me/100 g
arasinda belirleyerek bulgular ile uyumlu sonuglar ortaya
koymuslardir.

Toprakta yarayish Bor (B) incelendiginde; toprak
orneklerinde en diisiik B igerigi 0.39 mg/kg iken, en yiiksek
B icerigi 1.06 mg/kg olarak bulunmustur. Topraklarin 0-30
cm oOrneklerin - bor igerigi 0.65 mg/kg iken, 30-60 cm
orneklerinin ise 0.69 mg/kg olup ortalama olarak 0.67
mg/kg olarak bulunmustur. Wolf (1971) toprak bor smur
degerlerine gore karsilastirildiginda bdlgenin topraklarinin
B igerigi bakimindan 0-30 cm derinlikte % 42.86’s1 ¢cok az
(<0.49 mg/kg), % 50.00’sinin az (0.50-0.99 mg/kg), %
7.14°0 yeterli (1.00-2.40 mg/kg) diizeyde, 30-60 cm
derinlikte ise % 28.57’si ¢cok az (<0.49 mg/kg), % 64.29'u
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az (0.50-0.99 mg/kg) ve % 7.14%0 ise yeterli (1.00-2.40
mg/kg) diizeyde oldugu belirlenmistir (Tablo 2). Yalcin
(2023) Hatay ili Arsuz ilgesi topraklarmin yarayish bor
icerigi ve bazi toprak dzellikleri ile iligkilerinin belirlendigi
calismasinda topraklarin yarayisl bor igerikleri agisindan %
91’in iizerinde ¢ok az ile az degerler elde ederek benzer
sonuglar bildirmislerdir. Benzer sekilde Kilis ilinde yapilan
calismada da zeytin bahgelerinin B, Zn, P ve Mg
bakimindan Onemli bitki besleme sorunlarinin oldugu
belirlenmistir (Semercioglu ve ark. 2023).

3.2.Yarayish Bor Icerigi ile Diger Bazi Toprak Ozellikleri
Arasindaki Iliskiler

Arastirma konusu toprak o&zelliklerinin bazi fiziksel ve
kimyasal 6zellikleri ile yarayish bor igerikleri arasindaki
iligkiler Tablo 3°de verilmistir. Tablonun incelenmesinden
de anlasilacagi gibi yarayish bor ile tuz igerigi arasinda (r:
0.45*; Sekil 2) pozitif 6nemli iliski belirlenmistir. Aym
bolgede yapilan calismada, Ozsayar ve Cimrin (2022)
Hatay ili Hassa ilgesi zeytin agaglarinin yaprak ve toprak
ornekleri ile beslenme durumunun belirlenmesi isimli
caligmalarinda, topraklarin yarayish bor igerigi ile tuz
icerigi arasinda pozitif 6nemli iliski ortaya koyarak benzer
sonuglar bildirmislerdir. Ayrica topraklarin pH igerikleri ile
kil igerigi (r:-0.44*), organik madde (r: -60**) ve KDK (r:-
0.52*%*) arasinda negatif onemli iliskiler belirlenirken,
topraklarin pH igerigi ile kum (r: 0.39%*) igerigi arasinda ise
oldukca dnemli pozitif iligkiler belirlenmistir. Atmaca ve
Nalbant (2020) Giresun ili Sebinkarahisar il¢esinde farkli
topografyalarda olusmus topraklarin tarimsal ozellikleri
incelendikleri ¢alismalarinda, topraklarin pH icerikleri ile
organik madde igerikleri arasinda negatif onemli iliski
belirlemis olup benzer sonuglar bildirmistir. Topraklar1 tuz
icerigi ile organik madde (r: 0.42%*) arasinda ise pozitif iligki
belirlenmigtir. Topraklarin kil igerigi ile kum igerigi (r: -
0.83**) arasinda negatif 6nemli iliski belirlenirken, kil ile
organik madde (r: 57**) ve KDK igerigi arasinda ise pozitif
(r: 0.71%%*) iliskiler belirlenmistir. Kalkanci ve ark. (2023)
Gaziantep ili antepfistig1 yetistirilen topraklarin bazi
verimlilik  6zelliklerinin ~ belirlenmesini  amagladiklari
calismada, topraklarmn kil igerigi ile kum igerigi arasinda
onemli negatif iliski Dbelirleyerek benzer sonuglar
bildirmislerdir. Ayrica ¢alismada topraklarin kum igerikleri
ile silt igerikleri (r: -0.66**), organik madde (r: -0.57**) ve
KDK (r: -0.69**) aralarinda negatif onemli iligkiler
belirlenirken kum igerigi ile kireg igerigi (r: 0.41*) arasinda
ise pozitif dnemli iliski belirlenmistir. Cimrin ve ark. (2018)
Gaziantep ili antepfistii bahgeleri topraklarmin bor
durumunu belirledikleri ¢aligmada, topraklarm kum
icerikleri ile kireg igerikleri arasinda 6dnemli negatif iliski
belirleyerek benzer sonuglar ortaya koymuslardir. Ayni
zamanda topraklarin kire¢ ile KDK arasinda ise negatif
onemli (r: -0.46*) iliski belirlenmistir. Ayni bolgede yapilan
calismada, Yal¢mn ve Cimrin (2021) Hatay ili Kirtkhan-
Reyhanli bolgesi topraklarinin besin elementi durumlari ve
bunlarin bazi toprak 6zellikleri ile iligkilerinin belirlendigi
aragtirmada, topraklarin kire¢ igerigi ile KDK igerigi
arasinda negatif onemli iligki ortaya koyarak benzer
sonuglar bildirmistir. Topraklarin organik madde igerigi ile
KDK (r: 0.80**) arasinda ise pozitif onemli iliskiler
belirlenmistir.
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Tablo 3. Payas bolgesi zeytin bahgesi topraklarinin yarayish Bor ile bazi toprak dzellikleri arasindaki korelasyon

katsayilari (r)

B pH Tuz Kil Kum Silt Kireg oM
mg/kg (%) (%) (%) (%) (%) (%)
pH -0.30
Tuz (%) 0.45* -0.33
Kil (%) -0.16 -0.44* 0.11
Kum (%) 0.19 0.39* -0.06 -0.83**
Silt (%) -0.13 -0.10 -0.04 0.13 -0.66**
Kireg (%) 0.08 0.34 -0.20 -0.33 0.41* -0.29
OM (%) 0.20 -0.60**  0.42* 0.57** -0.57** 0.24 -0.30
KDK(me/100gr) 0.15 -0.52** 0.19 0.71** -0.69** 0.27 -0.46* 0.80**
* (.05 diizeyinde 6nemli, *** 0.001 diizeyinde 6nemli
0,3
0,25 y = 0,0984x - 0,0372
P r2=0.45*%
0,2
5 °
— 0,15
=3
0,1
o
0,05 e
o0 S
BV e o
0 0,5 1 1,5 2 2,5 3 3,5
Bor (mg/kg)

Sekil 2. Toprak drneklerinin B ile tuz igerikleri arsindaki iligki

Ayn1 bolgede yapilan bir ¢alismada, Gokpinar ve Yalgin
(2020) Hatay ili Arsuz bolgesi topraklarmm pH, kireg,
organik madde ve KDK igeriklerinin belirlenmesi arastirmis
ve topraklarin organik madde igerigi ile KDK igerigi
arasinda pozitif Oonemli iliski ortaya koyarak benzer
sonuglar bildirmisglerdir.

4.Sonug

Hatay ili Payas ilgesi zeytin bahgesi topraklarmin, pH’s1
7.16 ile 8.30 arasinda degistigini ve genellikle n6tr ve hafif
alkalin oldugu belirlenmistir. Topraklardaki toplam tuz
icerigi ise % 0.007 ile % 0.226 arasinda degismektedir;
ancak bir nokta diginda tiim boélge topraklarinin tuzsuz
sinifa girdigi belirlenmistir. Calisma alaninda biinye
icerikleri incelendiginde, kil, kum ve silt miktarlarinin
strastyla % 7.00 ile % 43.00, % 19.00 ile % 73.00 ve %

20.00 ile % 48.00 arasinda degistigi goriilmiistiir. Ozellikle,
% 68'inin tin ve killi tin sinifinda oldugu tespit edilmistir.
Kireg icerigi genel olarak % 3.40 ile % 21.90 arasinda
degismektedir ve gogunlukla orta seviyede kiregli topraklar
bulunmaktadir. Organik madde icerigi ise % 1.18 ile % 5.60
arasinda degismekte olup, genellikle yiiksek ve ¢ok yiiksek
seviyelerde oldugu belirlenmistir. Topraklarin katyon
degisim kapasitesi 10.49 ile 26.31 me/100 g arasinda
degigsmektedir ve yarayisl B igerigi 0.39 ile 1.06 mg/kg
arasindadir; ancak ¢alisma alaninin % 85'inden fazlasinda
yetersiz B igerigi bulunmaktadir. Analiz sonuglarina gore,
calisma alanmnin en 6nemli sorunlari arasinda ince biinye,
yetersiz drenaj, yiiksek kireg igerigi ve yetersiz yarayigli B
icerigi yer almaktadir. Tuzluluk sorunu ise sadece bir
noktada tespit edilmistir. Ozellikle, yetersiz B igerigi zeytin
bahcesi  topraklarinin  verimini  olumsuz = yonde
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etkilemektedir. Bu sorunun ¢oziimii i¢in topraklarin B
igerikli giibrelerle giibrelenmesi gerekmektedir. Ancak, bu
islem sirasinda bitki besin elementlerinin alina bilirligini
engelleyen toprak 6zellikleri g6z 6niinde bulundurulmali ve
ciftciler bilinglendirilerek yetersiz B igeriginin azaltilmasi
amaglanmalidir.
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Ozet: Bu galismada, Dortyol ovasindaki topraklarin temel fiziksel ve kimyasal 6zellikleri belirlenmis ve bu ozelliklerin galisma
alanindaki yersel dagilim haritalar1 olusturulmustur. Caligsma alanindan, alan1 temsil edecek sekilde, rastgele 6rnekleme yontemi
kullanilarak, 0-30 cm derinlikten toplam 48 adet bozulmus toprak 6rnegi alinmustir. Toprak 6rneklerinde; pH, elektriksel iletkenlik
(EC), kireg, organik madde (OM), hava kuru nem icerigi ve biinye (tekstiir) analizleri yapilmistir. Ayrica drnekleme noktalarinin
koordinatlart GPS cihazi (UTM koordinat sistemine gore) ile belirlenmistir. Toprak o6zelliklerine ait biitiin parametrelerin
tanimlayici istatistik analizleri hesaplanmustir. Toprak 6zelliklerinin yersel degisiminin modellenmesinde jeoistatistik yontemler,
haritalanmasinda ise cografi bilgi sistemleri (CBS) kullanilmistir. Toprak 6zelliklerinden pH 7.20 ile 7.78, EC 99 puS cm-1 ile 997
uS cm-1, kireg¢ % 0.57 ile % 13.17, organik madde % 0.55 ile % 8.95, nem igerigi % 1.34 ile % 9.48 arasinda degismistir. Toprak
o6zelliklerinin varyasyon katsayilar1 (VK) % 1.86 (pH) ile % 69.24 (kirec) arasinda degismistir. Toprak 6zelliklerinden pH, EC,
kire¢ ve OM igin Ussel (Exponential); nem, kum ve kil igin Gaussian, silt igin ise Dogrusal (Linear) model en uygun yarivariogram
modeli olarak belirlenmistir.

Anahtar kelimeler: Dértyol ovast, kriging metodu, Cografi bilgi sistemleri (CBS), Toprak 6zellikleri

Determining the basic characteristics of Dértyol plain soils and mapping their spatial
distribution using geographic information systems (GIS)

Abstract: In this study, the basic physical and chemical properties of the soils in the Dortyol plain were determined and the spatial
distribution maps of these properties in the study area were created. A total of 48 degraded soil samples were taken from the study
area, from a depth of 0-30 cm, using the random sampling method to represent the area. In soil samples; pH, electrical conductivity
(EC), lime, organic matter (OM), air dry moisture content and texture (texture) were analyzed. In addition, the coordinates of the
sampling points were determined with a GPS device (according to the UTM coordinate system). Descriptive statistical analyzes of
all parameters of the soil properties were calculated. Geostatistical methods were used to model the spatial changes in soil
properties, and geographic information systems (GIS) were used to map of them. From soil characteristics, pH ranged from 7.20
to 7.78, EC ranged from 99 puS cm-1 to 997 uS cm-1, lime ranged from 0.57% to 13.17%, organic matter ranged from 0.55% to
8.95%, and moisture content ranged from 1.34% to 9.48%. The coefficient of variation (VK) of soil parameters varied between
1.86% (pH) and 69.24 % (lime). Exponential model for pH, EC, lime and OM; Gaussian model for for moisture, sand and clay;
Linear model for silt content were determined as the most suitable semivariogram model.

Keywords: Doértyol plain, kriging method, Geographic information systems (GIS), Soil properties
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1. Giris dagiliminin bilinmesi son ¢ok 6nemlidir. Topraklarin

verimli olabilmesi ig¢in; siirdiiriilebilir, ¢evre ile
Topraklarin temel 6zellikleri, toprak verimliligi uyumlu, insanligin ve doganin devamliligina yonelik
acisinda biiylik 6nem tasimaktadir. Bu nedenle bitkisel tarimsal faaliyetlerin benimsenmesi gerekmektedir.

tiretim yapilacak topraklarin &zelliklerinin yersel Topraklarin ~ verimli ve siirdiiriilebilirligi  i¢in
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topraklarin verimlilik ile ilgili 6zellikleri incelenmeli
ve gerekli olan eksikliler ve islemler degerlendirilerek
nasil bir yol izlenmesi gerektigi belirlenmelidir.
Bunun i¢in de topraklardan belirli donemlerde
ornekler alinarak analiz edilmeli ve ¢ikan sonuglarin
¢ok yonlii olarak incelenerek; bolge iklim, toprak
yapisi ve jeolojik yapt ile beraber degerlendirilmesiyle
dogru bir toprak yonetim sekli belirlenmelidir.

Topraklarin 6zellikleri derinliklerine bagli olarak
onemli oOlgiide degismektedir. Ancak bu degisim
sadece derinlige bagli olarak degil, ayn1 zamanda
yersel uzakliklarda da anlamli olarak degismektedir.
Bitkisel iiretim agisindan bu degisimlerin belirlenip,
jeoistatistiksel yontemlerle degerlendirilmesi; tarimsal
iiretimde daha etkin ve daha ekonomik giibreleme ve
topragin siirdiiriilebilir kullanim1 agisindan son derece
onem tasimaktadir. Gilinlimiizde, toprak ozellikleri
ilgili calismalarda jeoistatistik birgok gelismis tilkede
tiretilmekte, elde edilen veriler de toprak verimliligini

artirtlmasinda,  gereksiz  tarim  kimyasallarinin
kullanimmi  &nlenmesinde, toprak ve ¢evrenin
korunmast  gibi  konularinda 6nemli katkilar

saglamaktadir (Hatipoglu 2019).

Jeoistatistik, Olgiilen herhangi bir ozelligin yersel
yapisint ve mekansal bagimliligini inceleyen ve
sayisallagtiran ve buradan elde edilen iliskiyi
kullanarak ~ amilan  6zelligin ~ Orneklenmemis
noktalardaki degerlerini tahmin eden uygulamali
istatistigin bir kolu olarak tanimlanmaktadir (Isaaks ve
Srivastava 1989).

Cografi bilgi sistemleri (CBS) ise her tiir cografi
bilgiyi verimli bir sekilde elde etmek, depolamak,
degistirmek, yonetmek, analiz etmek ve goriintiilemek
ve haritalamak icin tasarlanmig organize bir bilgisayar
donanimi, yazilimi ve cografi veri seti olarak
tanimlanmaktadir (ESRI, 2022). CBS’nin
uygulanabilecegi alanlar ¢ok genistir. Agirlikli olarak
CBS, mekansal planlama, devlet yontemi, biitiinlesmis
kurtarma sistemi hizmetleri, ulagim, kaynak yonetimi,
kamu hizmetleri, giivenlik ve askeri sektor, cevre,
perakende, vergi gibi mekansal verilerle ¢aligmanin
gerekli oldugu alanlarda kullanilabilmektir. CBS’nin
en Onemli kullanim alanlarindan biri de toprak
ozelliklerinin haritalanmasidir (Cabuk ve ark. 2018).

Bagbozkurt ve ark. (2013) tarafindan “Camgazi
Toplulastirma ve TIGH (Tarla Ici Gelistirme
Hizmetleri) Projesi” kapsaminda Adiyaman’in
Merkez ilgesine ait 19 kdyii kapsayan alanda yapilan
bir ¢aligmada; toprak 6zelliklerinin mekansal degisim
deseni belirlenmistir. Arastirma sonuglarna gore
calisma alan1 topraklarinin mekansal bagimlilik
derecelerinin genellikle orta ve yiiksek diizeylerde
oldugu belirlenmistir. Ayrica arastiricilar, incelenen
toprak oOzelliklerine ait yersel degisim haritalart
yardimiyla ¢aligma alaninda daha etkin toprak ve bitki
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yonetim  stratejilerinin  belirlenmesinin  miimkiin
olabilecegini belirtmislerdir.

Sanliurfa ili Halfeti ilgesi’nde yapilan bir ¢alismada;
topraklarin bazi o6zellikleri ve bitki besin elementi
kapsamlarimin belirlenmesi amaglanmistir.  Analiz
sonuglarina gore; topraklarin kil biinyeli, kirecli,
organik madde bakimindan yetersiz oldugu
belirlenmistir (Saragoglu ve ark. 2014).

Akin ve Tasova (2019) tarafindan yapilan bir
calismada; I¢ Anadolu Boélgesi tarim topraklarinin
baz1 oOzellikleri ve bitki besin element igerikleri
belirlenmis ve cografi bilgi sistemleri kullanilarak
bunlarin haritalar1 yapilmistir. Arastirma sonucuna
gore, Topraklarinin %75.9’u killi tin ve tin biinyelidir.
Yine, bolge topraklarmin %89.2’sini hafif alkali ve
%99.4’lnll ise tuzsuz topraklar olusturmaktadir.
Topraklarmin %85.5’1 az ve ¢ok az organik madde;
smifindadir. %56.1°1 ise fazla ve ¢ok fazla kireglidir.

Kars ve Ekberli (2019) tarafindan yapilan ¢alismada,
Carsamba Ovasinin bugday bitkisi yetistirilen tarim
topraklarinin  bazi fiziksel, kimyasal o6zellikleri
belirlenmis ve bunlarin ¢aligma alanindaki dagilimi
aragtiritlmistir. Arastirma sonuglarina gore, topraklarin
cogunlugu killi tin biinyelidir. Topraklarin bir
cogunlugu (%72.5°1) hafif bazik reaksiyonlu, tuzsuz
ve degisik miktarlarda kire¢ igermekte olup, organik
madde miktarlarinin ise orta diizeyde belirlenmistir.

Tepecik ve ark. (2022) tarafindan Ege Universitesi
Ziraat Fakiiltesi Menemen Arastirma, Uygulama ve
Uretim Ciftligi arazisinde yapilan bir ¢aligmada;
topraklarin verimlilik ile ilgili 6zellikleri belirlenmis
ve bunlarin haritalar1 olusturulmustur. Arastirma
sonucunda; topraklarin pH degerlerinin 7.32-8.90
arasinda degisim gosterdigi ve cogunlugunun hafif
bazik karakterde oldugu gorilmiistiir. Topraklarin
elektrik iletkenlikleri 586.16-2860.0 uS cm™ arasinda
degisirken, yaklasik % 90’lik bolimiiniin kum biinyeli
oldugu belirlenmistir. Topraklarin toplam karbonat
icerikleri % 4.46-15.65 arasinda ve kire¢ bakimindan
zengin sinifinda yer almaktadir. Topraklarin organik
madde igerigi % 0.05-2.97 arasinda degisim gdstermis
ve topraklarin %60 gibi biiyiik bir boliimiiniin organik
maddece fakir oldugu saptanmustir.

Bu ¢alismada, Dortyol ovasindaki topraklarin temel
fiziksel ve kimyasal 6zellikleri belirlenmis ve Cografi
Bilgi Sistemleri (CBS) ile bu o&zelliklerin g¢aligma
alanindaki yersel dagilim haritalari olusturulmustur.

2. 2.Materyal ve Yontem
2.1.Materyal

Calisma alam 36048'95" - 36051'29" kuzey enlemleri
ile 36008'45" - 36010'47" dogu boylamlar1 arasinda
yer almaktadir. Caligma alant dogudan Amanos
daglari, batidan Akdeniz, kuzeyden Erzin ve giineyden
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ise Payas ilgesi ile sinirlanmig olup, yaklagik 4000
hektarlik bir alan kaplamaktadir.

Ovanin dogusunda bunar daglik bolgede genellikle
cam ve meseden olusan orman agaglari yer almaktadir.
Ovanin  ozellikle dogu kesimlerinde, turunggil
iretiminin ¢ok yaygin oldugu goriilmektedir. Alanin
ortasinda bulunan Haydar daginda ise kuru tarim
yapilmaktadir. Burada yetistirilen en 6nemli iriinler
sogan ve tahil bitkileridir. Ovada ise sebzecilik,

pamuk, yerfistifi ve susam iretimi giderek
yaygmlasmistir. Dortyol ovast aymt zamanda
Tirkiye’'nin ~ en  Onemli  turunggil  {iretim

merkezlerinden birisidir (Doyuran 1982).

Caligma alanminda tipik Akdeniz iklimi hiikiim
etkindir. Calisma alaninin yer aldigi Hatay’da yillik
ortalama yagis toplami 1161.5 mm, yillik ortalama
sicaklik ise 18.30C’dir (Anonim 2022).

Dortyol ovasmnm  biiyiik  bir  kismu  aliiviyal
materyallerle kaplidir. Bu aliivyonlar1 sel sular1 ve
akarsu cokelleri olusturmustur. Akarsu yataklarinda
daha ¢ok ¢akillt ve yer yer kumlu olan aliivyonlar yer
alirken, ovanin diger kisimlarinda genellikle kumlu,
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siltli ve killi materyaller bulunmaktadir. Ovadaki
alivyon materyalin kalinligr yaklagitk 10-60 m
civarinda degismektedir (Doyuran 1982). Calisma
alaninin dogu smir1 boyunca yer alan, son derece
gegirimli ¢okellerden olusan birikinti koni kusagi,
daglardan alana dogru akan sularmin 6nemli bir
kismint siizmekte ve akifleri beslemektedir (Doyuran
1980).

2.2.Yontem
2.2.1.Toprak érneklerinin alinmasi

Caligma alanindan 0-30 cm derinlikten toplam 48 adet
bozulmus toprak ornegi alinmistir (Sekil 1). Toprak
orneklerinin alinmasinda, alani temsil edecek sekilde,
rastgele Ornekleme yontemi kullanilmigtir. Yine
ornekleme sirasinda, her bir toprak érneginin alindigi
noktanin UTM sistemine gore cografi koordinatlar
(Magellan marka, explorist 710 model) GPS cihazi ile
belirlenmistir. Toprak orneklemesi sirasinda, tiim
ornekleme noktalarinda Turunggil bitkisi oldugu
belirlenmistir. Alinan toprak ornekleri kurutma ve
eleme iglemlerinden sonra analizler igin hazir hale
getirilmistir.
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Sekil 1. Caligma alaninin cografi konumu ve toprak drneklerinin alindig1 noktalar
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2.2.2. Toprak analizleri

Toprak orneklerinde; pH, elektriksel iletkenlik (EC),
organik madde (OM), hava kuru nem igerigi, biinye ve
kire¢ analizleri yapilmistir. Orneklerin pH degerleri
1/2.5 toprak-su karigiminda pH-metre, EC degerleri ise
yine 1/25 toprak-su karigmminda EC-metre ile
belirlenmistir (Richards 1954). Orneklerin organik
madde igerigi Walkey-Black yas yakma yoOntemine
(Allison 1965), kire¢ miktar1 ise Allison ve Moode
(1965)’e gore belirlenmistir. Topraklarin tane irilik
dagilimi (blinye) tayini ise hidrometre yontemine gore
yapilmistir (Bouyoucos 1951). Topraklarda belirlenen
bazi fiziksel ve kimyasal 6zellikler, bu Tablo 1’de
verilen sinir degerler ile kiyaslanarak yeterlilik
durumlar1 yorumlanmustir.

Toprak orneklerinde; pH, elektriksel iletkenlik (EC),
organik madde (OM), hava kuru nem igerigi, biinye ve
kire¢ analizleri yapilmustir. Orneklerin pH degerleri
1/2.5 toprak-su karigiminda pH-metre, EC degerleri ise
yine 1/2.5 toprak-su kangiminda EC-metre ile
belirlenmistir (Richards 1954). Orneklerin organik
madde icerigi Walkey-Black yas yakma yoOntemine
(Allison 1965), kire¢ miktar1 ise Allison ve Moode
(1965)’e gore belirlenmistir. Topraklarin tane irilik
dagilimi (blinye) tayini ise hidrometre yontemine gore
yapilmistir (Bouyoucos 1951. Topraklarda belirlenen
bazi fiziksel ve kimyasal ozellikler, bu Cizelge 1’de
verilen sinir degerler ile kiyaslanarak yeterlilik
durumlart yorumlanmustir.

2.2.3.Istatistiksel ve jeoistatistiksel analizler

Toprak orneklerine ait verilere; ortalama, en diisiikk
ve en yiksek degerler, standart sapma, carpiklik,
basiklik tanimlayici istatistiksel analizler
uygulanmistir. Toprak 6zelliklerinin normal dagilim
gosterip gostermedigi, hem carpiklik katsayilar1 hem
de yapilan normalite test sonuglar1 (Tablo 2)
yorumlanarak belirlenmistir (Paz- Gonzalez ve ark.
2000). Istatistiksel analizler Windows uyumlu SPPS
26 istatistik paket programi kullanilarak yapilmustir.

Toprak  ozelliklerinin ~ mekansal  dagiliminin
modellenmesinde Windows uyumlu GS* (siiriim 10)
Jeoistatistik programi kullanilmistir (Gamma design
2008). Bu programda her bir her bir toprak dzelliginin
en uygun yarivariogram grafigi olusturulmus ve bu
grafigin  parametreleri  belirlenmistir. ~ Toprak
Ozelliklerinin ~ mekansal  dagilim  haritalarinin
olusturulmasinda ise cografi bilgi sistemleri (CBS)
kullanilmistir. Bu kapsamda, GS* (siirim 10) ile
belirlenen yarivariogram parametreleri kullanilmis ve
her bir toprak 6zelliginin dagilim haritalar1 ArcGis
(slirtim:10.6.1.) programu ile olusturulmustur (T6reyen

86

Eurasian J Bio Chem Sci, 7(2):83-95, 2024

ve ark. 2010). Bu programda ordinary Kkriging
enterpolasyon yontemi kullanilmigtir. Parametrelerin
varyasyon katsayilar1 Zhou ve ark. (2010) tarafindan
onerilen kistaslar kullanmigtir. Bu kistaslara gore
varyasyon katsayist % 10’dan disiik ise degiskenlik
diizeyi diisiik, % 10-100 arasinda ise degiskenlik
diizeyi orta ve % 100’den biiyiik ise degiskenlik
diizeyi yiiksektir.

Parametrelerin ~ varyasyon katsayilari, bunlarin
degiskenlik diizeylerinin belirlenmesinde
kullanilmaktadir. Bu degerlendirmede Zhou ve ark.
(2010) tarafindan onerilen kistaslar kullanilmigtir. Bu
kirterlere gore; varyasyon katsayist % 10’dan diisiik
ise degiskenlik diizeyi diisiik, % 10-100 arasinda ise
degiskenlik diizeyi orta, % 100’den biiyiik ise
degiskenlik diizeyi ytiksektir.

Ayrica toprak ozelliklerinin yersel bagimliliklarmin
degerlendirilmesinde nugget yarivariansin (Co)
toplam varyans (Co+C)’a olan yiizde orami kistas
olarak  kullanilmistir. Bu  degerlendirme ise
Cambardella ve ark. (1994)’e gore yapilmistir. Bu
oran % 25 veya daha diisiik ise 6zelliklerdeki yersel
bagimlilik kuvvetli, % 25-75 arasinda ise orta ve %
75°den biiyiik ise zayif olarak degerlendirilmektedir.

3. Bulgular ve Tartisma
3.1. Arastirma alaninin temel toprak ézellikleri

Topraklarin temel oOzelliklerinin istatistiksel analiz
sonuglar1  Tablo 3’de  sunulmustur.  Toprak
orneklerinin pH’lar1 7.20 ile 7.78 arasinda ve ortalama
7.52 olarak belirlenmistir. Topraklarinin Topraklarin
reaksiyonlar1 pH degerlerine siniflandirildiginda
(Tablo 1) ; % 45’1 nétr, % 55’inin ise bazik karakterli
oldugu belirlenmigtir. Karakaya ve Agca (2022)
tarafindan Sariseki ve Dortyol arasinda yapilan
calismada da pH degerleri agisindan benzer sonuglar
bulunmustur.

Topraklarda elektriksel iletkenlik (EC) degerlerinin
99 uS cm? ile 997 uS cm™ arasinda degistigi ve
ortalama EC degerinin ise 274 uS cm™ oldugu
belirlenmistir. Topraklarin EC degerleri, sinir
degerler ile karsilagtirildiginda; tiim topraklarin
tuzsuz sinifinda yer aldig1 goriilmiistiir. Everest ve
Ozcan (2018)’nin Canakkale’nin Ezine Ilgesinde,
Dogan ve Erdal (2018)’nin Burdur’da, Parlak ve ark.
(2008)’in Eceabat (Canakkale)’ta ve Bayar ve ark.
(2019)’un Kirsehir topraklarinda yaptigi
calismalarda benzer sonuglar bulunmustur.
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Tablo 1. Topraklarm verimlilik ile ilgili 6zellikleri i¢in sinir degerler

Ozellik Birim Sinir deger Degerlendirme
<45 Kuvvetli asit
. 45-55 Orta ki tli asit
pH (Ulgen ve Yurtsever 1995)  -=-—--- 55_65 H;failf ;s\i/;/e ' asl
6.5-75 Notr
75-85 Bazik
>8.5 Alkali
0-4000 Tuzsuz
. . . . 4000-8000 Hafif tuzlu
-1
Eéeslzt)rlksel iletkenlik (EC) (Richards uScm 8000-16000 Orta tuzlu
>16000 Siddetli tuzlu
<1 Cok az
Organik madde (Ulgen ve Yurtsever o ;_g gz
1995) ° ] orta
3-4 Iyi
>4 Yiiksek
<1 Az kiregli
1-5 Kiregli
Kireg (Ulgen ve Yurtsever 1995) % 5-15 Orta kiregli
15-25 Fazla kiregli
>25 Cok fazla kiregli
Tablo 2. Toprak 6zelliklerine ait normalite test sonuglari
Parametre Kolmogorov-Smirnova Shapiro-Wilk
Istatistik Ornek Sayist P Istatistik Ornek Sayi1st P+
pH 0.067 48 0.200 0.981 48 0.622*
EC 0.142 48 0.017 0.785 48 0.000
Kireg 0.148 48 0.010 0.904 48 0.001
oM 0.229 48 0.000 0.760 48 0.000
Nem 0.124 48 0.061 0.944 48 0.024
Kum 0.101 48 0.200 0.970 48 0.258*
Silt 0.139 48 0.022 0.948 48 0.033
Kil 0.092 48 0.200 0.974 48 0.363*

*p > 0.05 normal dagilim gosteren veriler, p < 0.05 normal dagilim gostermeyen veriler

Tablo 3. Arastirma konusu topraklarin temel 6zelliklerinin tanimlayici analiz sonuglari

Ornek no EC Kireg OM (%) Nem Tane irilik dagilimi (%)
pH | (Semd) () % | Kum Silt Kil

EK 7.20 99.00 0.57 0.55 1.34 0.50 15.80 19.20
EY 7.78 997.00 13.17 8.95 9.48 56.50 56.70 64.30
Ort. 7.52 273.58 5.43 2.66 4.27 27.30 33.44 39.28
SS 0.14 147.11 3.76 1.56 1.84 14.09 10.08 10.67
VK 1.86 53.77 69.24 58.65 431 51.61 30.15 27.16
Car. -0.07 2.66 0.63 2.35 0.85 0.27 0.54 0.29
Bas. -0.34 11.52 -0.89 6.73 0.46 -0.79 -0.65 -0.71

OM: organik madde, EK: en kiigiik deger, EY: en yiiksek deger, Ort.: ortalama deger, SS: standart sapma, VK: varyasyon katsayisi, Car.
:¢arpiklik katsayisi, Bas. : basiklik katsayisi
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Topraklarin kireg icerik degerleri % 0.57 ile % 13.17
arasinda degismis olup, ortalama kireg igerigi % 5.43
olarak saptanmustir. Topraklarin kireg i¢erikleri, sinir
degerlerine (Tablo 2) gore degerlendirildiginde; %
4.16’smin az kiregli, % 52.08’nin kire¢li ve %
43.75’nin orta kiregli oldugu saptanmistir. Bu
konuda Bingdl topraklarinda yapilan bir ¢alismada
benzer sonuglar bulunmustur (Ates ve Turan 2015).

Topraklarin organik madde igeriklerinin % 0.55 ile
% 8.95 arasinda, ortalama ise % 2.66 oldugu
belirlenmigtir. ~ Sinir  degerlerle  (Tablo  2)
karsilastirildiginda; topraklarin % 4.16’s1 ¢ok az, %
31.25%1az, % 39.58’i orta, % 16.67’si iyi ve % 8.33’1
ise yiiksek miktarda organik madde igerdigi tespit
edilmigtir. Everest ve ark. (2018) tarafindan Ezine’de
(Canakkale) yapilan bir ¢alismada organik madde
iceriklerinin benzer dagilim gdsterdigi goriilmiistiir.
Topraklarin  yaklasik %75’inde organik madde
yetersiz diizeydedir. Bunun en onemli nedeni:
calisma alaninda yazlar1 sicak ve kurak gecmesi ve
bu kosullarda organik maddenin hizli bir sekilde
pargalanmasidir.

Topraklarin tane irilik dagilimlari incelendiginde; kum
igeriklerinin % 0.5 ile % 56.5, silt igeriklerinin % 15.8
ile % 56.7, kil iceriklerinin ise % 19.2 ile % 64.3 (24
nolu 6rnek) arasinda degistigi goriilmektedir. Orta ve
Dogu Karadeniz Bélgesinde Ozyazic1 ve ark. (2016),
yaptiklart arastirmada tarim topraklarmin kum
iceriklerini % 1.61-91.98 arasinda degismekte
oldugunu gormiislerdir. Saygin ve ark. (2017) ise,
Catakli Cay1 havzasinda yaptiklar: bir arastirmada, 0-
30 cm toprak katmaninda kum igeriginin % 28.4-77.6
ve silt igeriginin % 14.7-34.7 arasinda; yiizey alt1 (30-
60 cm) katmaninda ise kum igeriginin % 41.1-81.1 ve
% silt igeriginin12.0-34.0 arasinda degistigini
belirlemislerdir. Demircioglu ve Agca (2022), Arsuz
ovasi (Hatay) topraklarinda yaptiklar1 caligmada;
topraklarim kum igeriklerinin % 47.3-54.2, silt
igeriklerinin 17.8-20.6 ve kil i¢eriklerinin ise % 31.2-
33.6 arasinda degistigini belirlemislerdir. Topraklarin
nem icerikleri ise % 1.34 ile % 9.48 arasinda
degismistir (Tablo 2). Cosar ve Agca (2023) tarafindan
Erzin ovast (Hatay) topraklarinin hava kuru nem
iceriklerini % 2.15 ile 13.12 arasinda belirlemislerdir.

Topraklarin % 45.81ince (kil), % 54.2’si ise orta (tin)
biinyeli topraklar sinifinda yer almistir. ince biinyeli
topraklarin  biinye siniflarma  bakildiginda; %
70.3’tniin kil, % 29.7°sinin ise siltli kil biinyeli
olduklar1 goriilmistiir. Yine orta biinyeli topraklarin
% 54.2°sinin kili tin, % 19.2’sinin siltli killi tin, %
19.2’sinin kumlu killi tin, % 3.9’unun tin, % 3.9 unun
ise kumlu tin biinyeli oldugu belirlenmistir. Biinye
smiflart incelendiginde; calisma alaninda 7 farkli
blinye smifi oldugu goriilir. Bu kadar farkli biinye
smifinin olmasi; biiylik olasilikla topraklarmn farkli
bolgelerden tasinan aluviyal ana materyal iizerinde
olusmasidir.
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Bu c¢alismada topraklarin temel 6zellikleri igerisinde
en disiik variyasyon katsayisimin (VK) pH
degerlerinde (% 1.86), en yiksek ise kireg
igeriklerinde (% 69.24) oldugu belirlenmistir. Kireg¢
igerigini % 58.65 ile OM degerleri izlemistir.
Herhangi bir 6zelligin VK degerleri ne kadar kiiciikse,
o Ozelligin arastirma alanindaki dagilimi da o kadar
homojen olacaktir. Buna karsin VK degeri iiniform
(diizenli) dagilim gostermemektedir. Bu ¢alismada en
diisik VK’nin pH degerlerinde olmasi, ¢alisma alaninda
pH degerlerinin ¢ok iiniform bir sekilde dagildigim
belirtmektedir. Budak ve ark. (2018) Dicle havzasinda,
Tolu (2023) ise Kocaeli topraklarinda yaptiklar
calismalarda benzer sekilde en fazla homojen
dagilimin pH degerlerinde oldugunu belirlemislerdir.

3.2.Toprak ozellikleri arasindaki iliskiler

Toprak oOzelikleri arasindaki
sonuclar1 Tablo 4’de verilmistir.

korelasyon analiz

Korelasyon katsayilarina bakildiginda; topraklarin pH
degerleri ile EC degerleri arasinda % 1 diizeyinde
negatif; kire¢ degerleri arasinda ise %5 diizeyinde
pozitif korelasyon belirlenmistir. Tolu (2023)
tarafindan yapilan ¢alismada da pH ile kire¢ arasinda
benzer korelasyonlar bulmuslardir. Kire¢ degerleri ile
kum icerikleri arasinda %] diizeyinde negatif, silt
igerikleri arasinda ise % 5 diizeyinde pozitif
korelasyon goriilmiigtiir. Akbay ve Giinal (2023)
tarafindan yapilan ¢alismada da kireg ile kum arasinda
benzer sonuglar belirlenmistir.

Nem igerikleri ile organik madde ve kil igerigi
arasinda %1 diizeyinde pozitif, silt igerigi arasinda
%1, kum igerigi arasinda ise %5 diizeyinde negatif
korelasyon belirlenmistir. Kil i¢erikleri ile kum ve silt
icerikleri arasinda ise % 1 diizeyinde negatif
korelasyon hesaplanmigtir. Tolu (2023) yapigi
calismada kum ile kim ve silt icerikleri arasinda % 1
diizeyinde 6nemli pozitif korelasyonlar bulmustur.
Buna karsin, Akbay ve Giinal yaptiklari bir ¢alismada
kil ile sil igerikleri arasinda pozitif korelasyon
belirlemiglerdir.

Bu calismada topraklarin temel 6zellikleri igerisinde
en diisik varyasyon katsayisinin (VK) pH
degerlerinde (% 1.86), en yiiksek ise kireg
igeriklerinde (% 69.24) oldugu belirlenmistir. Kireg
icerigini % 58.65 ile OM degerleri izlemistir.
Herhangi bir 6zelligin VK degerleri ne kadar kiiciikse,
o Ozelligin arastirma alanindaki dagilimi da o kadar
homojen olacaktir. Buna karsin VK degeri iiniform
(diizenli) dagilim gostermemektedir. Bu ¢alismada en
diisik VK’nin pH degerlerinde olmasi, c¢alisma
alaninda pH degerlerinin ¢ok iiniform bir sekilde
dagildigini belirtmektedir. Budak ve ark. (2018) Dicle
havzasinda, Tolu (2023) yapig1 ¢calismada kum ile kim
ve silt icerikleri arasinda % 1 diizeyinde 6nemli pozitif
korelasyonlar bulmustur. Buna karsin, Akbay ve
Giinal yaptiklart bir ¢alismada kil ile sil icerikleri
arasinda pozitif korelasyon belirlemislerdir.
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3.3.Toprak  ozelliklerinin  yersel  dagiliminin
modellenmesi ve haritalanmast
Calisma alanindaki toprak ozelliklerinin

yarivariogram parametreleri belirlenirken, kum icerigi
hari¢, tiim ozelliklerde biitiin veriler kullanilmastir.

Eurasian J Bio Chem Sci, 7(2):83-95, 2024

Kum igeriginde ise 3, 4 ve 45 nolu 6rneklerin kum
icerikleri kullanilmamistir. Toprak o6zellikleri igin
yartvaiogram  modelleri  belirlenirken, program
tarafindan, aktif ayirma uzakligit 8466 m olarak
almmistir.  Toprak  6zelliklerinin  yarivariogram
parametreleri Tablo 5°de, yersel dagilim haritalari ise
Sekil 2’de verilmistir.

Tablo 4. Toprak 6zellikleri arasindaki korelasyon katsayilari

| pH EC | Kireg oM Nem Kum Silt
EC -0.503™
Kireg 0.309" 0.104
oM -0.241 0.140 -0.006
Nem 0.073 0.259 0.066 0.490™
Kum -0.125 -0.168 -0.417" -0.027 -0.335"
Silt 0.003 0.010 0.315" -0.226 -0.419™ -0.656™
Kil 0.162 0.211 0.255 0.249 0.839™ -0.701™ -0.079
**:Korelasyon %1 diizeyinde 6nemli, *:Korelasyon % 5 diizeyinde 6nemli (2-yonlii)
Tablo 5. Toprak 6zelliklerine ait yarivaryogram parametreleri
A1 ; (Co)/ 2
Ozellik Model Ag (M) Nugget (Co) Sill (Co+C) (Co+C)*100 r
pH Ussel 21100 0.011 0.044 25 0.459
EC Ussel 14090 0.124 0.46 26.95 0.580
Kireg Ussel 2480 2.360 16.56 14.25 0.748
OoM Ussel 1260 0.004 0.309 1.35 0.599
Kum Gaussian 1260 64.00 161.50 39.62 0.383
Silt Kiiresel 2620 0.100 82.600 0.12 0.499
Kil Guassian 13570 94.00 385.70 24.37 0.506
Nem Gaussian 4690 0.1131 0.3112 36.34 0.845
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Sekil 2. Toprak 6zelliklerinin ¢alisma alanindaki yersel dagilim haritalart
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Her bir toprak 6zelligi ve besin element iceriklerinin
yersel dagiliminin modellenmesi ve haritalanmasi
asagida aciklanmustir.

3.3.1. pH

Carpiklik (sola ¢arpik) degerlerinin oldukca diistik (-
0.07) olmasi ve normalite testlerinde (Shapiro-Wilk
testi) normal dagilim gostermesi (Tablo 2)
nedenleriyle, jeoistatistiksel modellemelerden o6nce
pH verilere herhangi bir doniisiim uygulanmamuistir.
Cosar ve Agca (2023) da Erzin ovasi topraklarinda pH
degerlerine herhangi bir doniisiim uygulamamiglardir.
Topraklarin pH degerleri i¢in en uygun yarivaryogram
modelinin belirlenmesi i¢in ayirma mesafeleri ise esit
bir sekilde 543 m olarak belirlenmistir.

Topraklarin pH degerleri igin en uygun yarivariogram
modeli Ussel (Exponential), yersel otokorelasyon
aralign (Ao degeri) ise 21100 m olarak saptanmustir
(Tablo 5). Isaaks ve Sriastava, (1989)’'a gore;
jeoistatistikte A, (range) degeri; herhangi bir degisken
icin uzaysal bagimlilifin devam ettigi maksimum
mesafeyi  belirtmektedir. ~ Topraklarinin ~ pH
degerlerinde, Nugget/sill oriina (Tablo 5) gore, yersel
bagimlhigin kuvvetli diizeydedir. Reza ve ark. (2012)
yaptiklar1 aragtirmada da pH degerlerinin giiclii yersel
bagimlilik  gosterdigi  belirlenmistir.  Arastirma
alaninda en ¢ok karsilasilan pH degerleri 7.50 ve 8.50
arasinda degismektedir. Topraklarin reaksiyonu
incelendiginde, kuzey ve giineydogu kisimlarinda
nétr, orta ve bati1 kesimlerinde ise bazik karakterde
oldugu goriilmektedir (Sekil 2a).

3.3.2. Elektriksel iletkenlik (EC)

Topraklarin EC degerleri, oldukg¢a yiiksek ¢arpiklik
(saga carpik) degerlerine (2.66) sahitir. Ayrica
normalite test (Shapiro-Wilk testi) sonuglarina gore
de normal olmayan dagilm gostermistir (Tablo 2).
Bu nednlerle, jeoistatistiksel modellemeleye
baslamadan once verilere logaritmik doniisim
uygulanmistir. Topraklarin EC degerleri igin, en
uygun yarivariogram modelini belirlemek amaciyla
ayirma mesafeleri ise esit bir sekilde 545 m olarak
belirlenmigtir. EC degerleri i¢cin en uygun
yarivariogram modeli Ussel (Exponential), Adegeri
ise 14090 m olarak belirlenmistir (Tablo 5). Mondal
ve ark. (2020) yaptiklari bir ¢alismada da; EC
degerleri icin en uygun modelin Ussel (Exponential)
oldugunu belirlemislerdir.

Nugget/sill oranina (Tablo 5) gére, EC degerlerine ait
yersel bagimligin orta diizeyde oldugu belirlenmistir.
Benzer sekilde Dogan ve ark. (2020) Hatay Arsuz’da
yapilan c¢alismada da EC degerlerinin yersel
bagimliliginin orta seviyede oldugu bulunmustur.
Buna karsin, Shit ve ark. (2016) Bat1 Hindistan’daki
Paschim Medinipup Bolgesinde yaptiklar1 ¢alismada
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ise; EC degerleri kuvvetli

gostermistir.

yersel bagimlilik

Calisma alani topraklarinin EC degerlerinin yersel
dagilmi incelendiginde (Sekil 2b), tamaminin tuzsuz
oldugu (EC<4000 puS cm™?) goriilmektedir. Yaganoglu
ve Aydm (2017), Erzurum Hinis’da yaptiklari
calismada, alana ait toprak Orneklerinin EC
degerlerinin 310 - 810 uS cm™ arasinda degistigi,
ortalama EC degerinin ise 0.45 uScm™ oldugu ve
topraklarin  tamaminin tuzsuz oldugunu tespit
etmislerdir. Yine, Taskin ve ark. (2018) tarafindan
Ankara Universitesi Arastirma ve Uygulama Ciftligi
topraklarinda yapilan bir calismada topraklarin
tamaminin tuzsuz oldugu belirlenmistir.

3.3.3.Kirec icerikleri

Topraklarin kireg iceriklerinin, ¢arpiklik (saga ¢arpik)
degerlerinin diisiik (0.63) ve normalite test sonucuna
gore de normal dagilim (Tablo 2) gdstermistir. Bu
nedenlerle jeoistatistiksel modellemez yapmadan 6nce
verilere herhangi bir doniisiim uygulanmamistir.
Topraklarin  kire¢  igeriklerinin  en  uygun
yarivaryogram modelini  belirlemek igin ayirma
mesafeleri ise Uniform bir sekilde 551 m olarak
almmustir.

Kireg i¢in en uygun yarivaryogram modeli Ussel, Ag
degeri ise 2480 m olarak belirlenmistir (Tablo 5).
Benzer sekilde, Budak ve ark. (2018) yaptiklari
calismalarinda da kireg igin en uygun yarivaryogram
modelini Ussel olarak belirlemislerdir. Buna karsin
Cosar ve Agca (2023) ise kire¢ igin en uygun modeli
Guassian olarak belirlemislerdir. Calisma alan
topraklarinin kireg igeriklerinin kuvvetli diizeyde
yersel bagimlilik gosterdigi saptanmistir. Budak ve
ark. (2018) Dicle Havzasinda yaptiklar1 bir
calismada ise topraklarin kire¢ igeriklerinin orta
diizeyde yersel bagimlilik gosterdigi saptanmustir.

Calisma alanindaki topraklarin  kire¢ dagilimi
incelendiginde (Sekil 2¢), orta ve gliney kisimlarinin
kiregli, dogu ve giineydogu boliimlerinin orta
diizeyde kireg igerigine sahip oldugu goriilmektedir.
Everest ve Ozcan (2018) yaptiklar1 galismada zeytin
arazilerinin % 2.70’inin az kiregli, % 16.22’sinin orta
kiregli, % 75.68’inin fazla kiregli ve % 5.41’inin ise
cok fazla kirecli oldugunu tespit etmislerdir. Ozden
ve ark. (2020), Izmir topraklarinda yaptiklari
aragtirmada, topraklarin yaridan fazlasinimn (% 57.17)
kiregsiz ve ¢ok az kiregli oldugunu tespit etmislerdir.

3.3.4. Organik madde (OM) i¢gerikleri

Olduke¢a yiiksek carpiklik (saga carpik) degerine
(2.35) sahip olmasi ve normalite test sonucunda
normal olmayan dagilim gostermesi (Tablo 2) gibi
nedenlerle, topraklarin OM iceriklerine,
jeoistatistiksel modelleme yapmadan Once verilere
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logaritmik  doniisim uygulanmistir. Topraklarin
organik madde igeriklerine en uygun yarivaryogram
modelininin belirlenmesi i¢in ayirma mesafeleri ise
esit bir sekilde 575 m olarak alinmigtir. Topraklarin
OM igerikleri i¢in en uygun Yyairvariogram modeli
Ussel, Ag degeri ise 1260 m olarak hesaplanmistir
(Tablo 5). Reza ve ark. (2012) tarafindan yapilan
caligmada da bu konuda benzer sonuglar bulunmustur.
Calisma  alam1  topraklarinda  organik  madde
iceriklerinin kuvvetli diizeyde yersel bagimlilik
gosterdigi saptanmigtir. Bogunovic ve ark. (2021)
tarafindan yapilan bir ¢alismada da organik maddenin
yersel bagimliligini kuvvetli bulmuslardir. Arastirma
alant topraklarinda OM dagilimi incelendiginde,
gliney kesimlerinde c¢ok az ve az, kuzeyin bazi
kesimlerinde az ve iyi diizeyde, dogu ve orta
kesimlerde iyi ve yiiksek, kuzeyde ise orta seviyede
organik madde igerdigi saptanmistir (Sekil 2d).
Bellitiirk (2011) Uzunkoprii (Edirne)’deki
calismasinda topraklarin tamaminin organik madde
iceriklerinin yetersiz oldugu gériilmiistiir. Ozkan ve
ark. (2009) tarafindan Antalya’da yapilan Dbir
calismada; topraklarin organik madde igeriklerinin %
0.2-6.7 arasinda degistigi ve orneklerin % 69.5’inin
humusga fakir, % 27.1’inin de az humuslu smifta yer
aldigint  saptamuglardir. Erdal ve Dogan (2018)
tarafindan yapilan ¢alismada ise organik madde icerigi
topraklarin % 15’inde ¢ok az, % 55’inde az, %
26’sinda orta, % 3’linde iyi ve % 1’inde ise yiiksek
diizeyde oldugu belirlenmistir.

3.3.5. Kum igerikleri

Topraklarin kum igeriklerinin, ¢arpiklik (saga
carpik) degerlerinin oldukca disik (0.27) ve
normalite testi sonucunda da normal dagilim
gosterdigi  (Tablo 2) belirlenmistir. Bu nedenlerle
jeoistatistiksel modelleme yapmadan oOnce kum
verilerine herhangi bir doniisim uygulanmamuistir.
Topraklarin  kum igerikleri ig¢in en uygun
yairvariogram modelinin belirlenmesi amaciyla,
ayirma mesafeleri ise tiniform bir sekilde 561 m
olarak belirlenmistir.

Topraklarin  kum igerikleri i¢in en uygun
yartvaryogram modeli Gaussian, kum igerikleri i¢in
A, degeri ise 1260 m olarak belirlenmistir (Tablo 5).
Kum igerikleri i¢in en uygun yarivariyogram modeli
Bautista (2021) tarafindan Spherical, Reza ve ark.
(2016) tarafindan ise Ussel olarak belirlenmistir.
Kum igeriklerinin, Niiket/Sil oranmna gore, orta
diizeyde yersel bagimlilik gosterdigi saptanmistir.
Reza ve ark. (2016) Hindistan’in Katihar ilgesinin
Kadwa Blogunda yaptiklar1 calismada da; kum
iceriginin orta diizeyde yersel bagimlilik gosterdigi
gozlenmistir.

Calisma alanindaki topraklarin kum igerikleri
genellikle kuzey ve bati kesimlerde diisiikken,
giineye dogru inildikge yiikseldigi goriilmektedir. En
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yiiksek kum igeriklerine alanin glineydogusunda
rastlanmistir. Alandaki kum igeriginin agirlikli
olarak % 10 ile % 40 arasinda yogunlastig
goriilmektedir (Sekil 2e).

3.3.6. Silt icerikleri

Carpiklik (saga carpik) degerlerinin diisiik (0.54)
olmasi ve normalite test sonuglarinda normal dagilim
gostermesi (Tablo 2) nedenleriyle, jeoistatistiksel
modellemelerden 6nce silt verilerine herhangi bir
dontisiim uygulanmamistir. Topraklarin silt igerikleri
icin, en uygun yairvariogram modelini belirlemek
amaciyla; ayirma mesafeleri ise esit olarak 566 m
olarak alinmugtir. Silt igerikleri i¢in en uygun
yairvariogram modeli Kiiresel (Spherical), Ao degeri
ise 2620 m olarak belirlenmistir (Tablo 5). Bautista
(2021) ¢alismasinda silt igin en uygun yarivaryogram
modelini Ussel (Exponential) olarak bulmustur.

Topraklarn silt igeriklerinin nugget/sill oranina gére
kuvvetli diizeyde yersel bagimlilik gosterdigi
belirlenmistir.

Caligma alani topraklarinda silt igerikleri genellikle
orta ve gilineydogu kesimlerde diisiikkken, kuzeye
dogru gidildikge ve yer yer giineydogu kesimlerinde
yiikseldigi goriilmektedir. En yiiksek silt icerikleri
alanin kuzeyinde rastlanmistir. Calisma alanindaki
silt iceriginin agirlikli olarak % 20 ile % 50 arasinda
degisiklik gosterdigi anlagilmaktadir (Sekil 2f).

3.3.7. Kil icerikleri

Calisma alanindaki topraklarda kil igeriklerinin
carpiklik (saga carpik) degerlerinin oldukca diisiik
(0.29) ve normalite testli sonug¢larinda ise normal
dagilim gosterdigi (Tablo 2) belirlenmistir. Bu
nedenlerle kil verilerine jeoistatistiksel modelleme
uygulamadan once veriler iizerinde herhangi bir
dontisiim yapilmamustir. Topraklarin kil iceriklerine
en uygun yarivaryogram modelini belirlemek igin,
ayirma mesafeleri ise esit bir sekilde 583 m olarak
alimmigtir.  Kil miktarlar1  i¢in  en  uygun
yartvaryogram modeli Guassian, Ag degeri 13570 m
olarak belirlenmistir (Tablo 5). Reza ve ark. (2016)
calismalarinda ise kil igeri i¢in Exponential
yartvaryogram modelinin en uygun oldugunu
belirlemislerdir. Topraklarin kil iceriklerinin yersel
bagimlilik diizeyinin kuvvetli oldugu belirlenmistir.
Benzer sekilde, Reza ve ark. (2016) yaptiklar
arastirmada da kil i¢in yersel bagimliligi kuvvetli
olarak belirlemiglerdir.

Calisma alanindaki topraklarin kil igerikleri
incelendiginde; biiylik bir kisminda yiiksek oldugu
belirlenmistir. Alanin kuzeydogusunda % 30-40,
kuzeybatisinda % 30-50, giineyinde % 30-40 ve
giineydogu boliimiiniin u¢ kesimlerinde % 15-30
oldugu belirlenmistir. Alanin kil igeriginin agirlikl
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olarak % 65 ile % 70 arasinda yogunlastig
goriilmektedir (Sekil 2g). Orta ve Dogu Karadeniz
Bélgesinde Ozyazici ve ark. (2016) yaptiklari bir
aragtirmada, tarim topraklarinin kil igeriklerinin %
2.49-79.23  arasinda  degismekte  oldugunu
saptamiglardir. Saygin ve ark. (2017), arastirmasinda
ise topraklarin, 0-30 cm’deki kil igeriklerini % 7.6-
46.8 arasinda; yiizey alt1 (30-60 cm) derinlikte ise %
6.8-40.8 arasinda degistigini belirlemislerdir.

3.3.8.Hava kuru nem icerikleri

Topraklarin  hava kurusu kosullardaki nem
iceriklerinin c¢arpiklik (saga carpik) degerlerinin
yiiksek (0.85) olmast ve normalite testi sonuglarina
gore normal olmayan dagilim gostermesi (Tablo 2)
nedenleriyle, jeoistatistiksel modelleme yapmadan
once nem  verilerine logaritmik  doniisim
uygulanmistir. Topraklarin nem igin, en uygun
yairvariogram modelini belirlemek i¢in, ayirma
mesafeleri ise esit bir sekilde 577 m olarak alinmustir.
En uygun yarivariogram modeli Guassian, Ao degeri
4690 m olarak belirlenmistir (Tablo 5). Topraklarin
nem igeriklerinin yersel bagimlilik diizeyinin ise orta
seviyede oldugu belirlenmigtir. Caligma alanindaki
topraklarin nem igeriklerinin dagilim haritasina
bakildiginda, genellikle orta kesimlerde yiiksekken,
kuzey ve giiney kesimlerinde diisiik oldugu
goriilmektedir. Alanindaki nem igeriginin agirlikli
olarak % 2 ile % 6 arasinda yogunlastig
goriilmektedir (Sekil 2h).

4. Sonug ve Oneriler

Bu c¢alismada; Dortyol Ovasi topraklarmin temel
ozelliklerinin durumu belirlenmis ve bunlarin ¢alisma
alanindaki yersel dagilim modellemesi yapilarak
haritalar1 olusturulmustur.  Calisma alaninda en
homojen dagilim gdsteren parametrenin pH, en az
homojenlik gosteren parametrenin ise topraklarin
kireg  igerigi  oldugu  saptanmustir.  Toprak
parametrelerinin dagilimi ile ilgili olarak yapilan
benzer ¢aligmalarin hemen hemen tamaminda da pH
degerlerinin en homojen dagildig: belirlenmistir.

Topraklarin tamaminda herhangi bir tuzluluk ve
alkalilik sorunu olmayip, tamami ndtr ve bazik

reaksiyonludur. Bu sonuglar c¢alisma alam
topraklarinda yetistirilecek kiiltiir bitkilerinin bu g
ozellik  yoniinden  herhangi  bir  problemle

kargilagmayacaklarini ortaya koymaktadir.

Topraklarin % 75’inde organik madde igeriginin
yetersiz oldugu belirlenmistir. Ancak, Amanos
daglarinin yamaglarinda bulunan topraklarda organik
madde igerikleri % 8.95’e kadar ¢ikmaktadir. Bunun
en 6nemli nedeni, Amanos daglarinda bulunan orman
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agaclarinin bu topraklara organik madde katkist
saglamis olmasidir.

Topraklarin biinye, organik madde ve hava kurusu
kosullardaki nem igerikleri incelendiginde, aralarinda
onemli iligkilerin oldugu goriilmektedir (Tablo 4).
Ozellikle kil biinyeli topraklarin hava kuru nem
iceriklerinin yiliksek olmasi, bu topraklarin su tutma
kapasitelerinin yiiksek oldugunu gostermektedir. Yine
organik madde icerigi de tutulan su miktarin1 6nemli
Ol¢iide yiikseltmistir.  Ancak, boélge topraklarinin
biiyiik ¢ogunlugunda kil igeriginin yiiksek, buna
kargin organik madde igerinin disiik olmasi, bu
topraklarda havalanma ve su gegirgenligi sorunlarina
neden olabilecektir. Bu nedenle bu alanlara, organik
madde iceriginin artirilmast i¢in, yesil giibreleme veya
fermente olmus ahir giibre uygulamasi yapilmalidir.

jeoistatistikte A, (range) degeri; herhangi bir degisken
icin uzaysal bagimliifin devam ettigi maksimum
mesafeyi belirtmektedir. Diger bir deyisle, herhangi
bir parametre ig¢in Ag degerinden sonraki uzakliklarda
noktalar arasinda herhangi bir yersel (uzaysal)
bagimlilik bulunmamaktadir. Dolayisiyla Ag degeri
ayni zamanda  Ornekleme uzakligini da
belirlemektedir. Caligma alanindaki topraklarin Ag
degerleri 1260 m (organik madde ve kum igerigi) ile
21100 m (pH icin) gibi ¢ok genis smnirlar arasinda
degismektedir. Bu alanda bundan sonra yapilacak
benzer konulardaki ¢alismalarda, parametrelerin Ao
degerleri dikkate almarak, bu parametrelerin Ao
degerleri gruplandirilmali ve iki veya ¢ farkli
ornekleme uzaklig1 belirlenmelidir.

Tarimsal alanlarin  siirdiiriilebilir  kullanimi  i¢in
topraklarin; mutlak surette bu alanlarin toprak
Ozeliklerinin ~ dagilimlarini  gosteren  haritalarin
iretilmesi gerekir. Bu c¢alismada iretilen haritalar
iireticiler i¢in dnemli bilgiler icermektedir. Ayrica, bu
calismadan elde edilen bulgular bir yandan bolgede
bundan sonra yapilacak olan ¢aligmalara 151k tutacak,
diger yandan ise Tiirkiye Toprak Veri Tabanina
onemli katkilar saglayacaktir.
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Ozet: Bag, zeytin ve turunggil ekili bakir iceren topraklarda kullanilan bakir hidroksit (bir gesit fungusit) inovatif bir nanopestisittir.
Ancak geleneksel pestisitlerin yerini alan nanopestisitler, hedef organizmalar kadar hedef olmayan organizmalari da (omurgali ya da
omurgasiz) etkileyebilmektedirler. Bu durum 6zellikle biyogesitlilik bakimindan 6nemli bir risk faktoriidiir. Bu ¢alismada boyle bir
riskin olup olmadigim aragtirabilmek i¢in Drosophila melanogaster Oregon-R’nin disi ve erkek popiilasyonlarina in vivo dmiir uzunlugu
testi uygulanmustir. Farkli dozlarda (10, 20, 40 ve 80 ppm) Cu(OH)2 nanopestisitinin kronik olarak uygulanmasi ile her iki popiilasyonda
hem maksimum hem de ortalama 6miir uzunlugunun kontrol grubuna gére azaldigi goriilmiistiir (p<0,05).

Anahtar kelimeler: Nanoformiilasyon, ¢cevresel risk, siirdiiriilebilir tarim, inovatif tiriin

Investigation of the effects of copper hydroxide (Cu(OH)2) nanopesticide on female
and male populations of a wild-type and non-target model organism, Drosophila
melanogaster Oregon-R, by in vivo longevity test

Abstract: Copper hydroxide (a type of fungicide) is an innovative nanopesticide used in vineyard, olive and citrus cultivated copper-
containing soils. However, nanopesticides, which replace traditional pesticides, can affect non-target organisms (vertebrates or
invertebrates) as well as target organisms. This situation is an important risk factor, especially in terms of biodiversity. In this study, in
vivo longevity testing was applied to male and female populations of Drosophila melanogaster Oregon-R to investigate whether there is
such a risk. With the chronic application of Cu(OH)2 nanopesticide at different doses (10, 20, 40 and 80 ppm), it was observed that both
maximum and average lifespan decreased in both populations compared to the control group (p<0.05).
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1. Giris

Nanometre (nm), gozle gorilemeyen mikroskobik
maddeleri 6lgmek i¢in kullanilan matematiksel bir 6l¢ii
birimi olup metrenin milyarda biridir. Nanometre ile
metrenin biiyiiklik olarak karsilastirmasi yapilirken bir
bilye ile dinyanin biiylikligi karsilastirilmalidir. Bir
bagka ifade ile nm, giinliik yasantimizda kullanilan
Ol¢t birimleri ile karsilagtirilamayacak kadar kiigiik
bir boyuttur. Nano parcacik ise 1-100 nanometre
boyutlarindaki tek bir maddeyi ifade etmek igin

kullanilmaktadir. Bu biiyiiklikteki pargaciklar ne
c¢iplak gozle ne de 1s1tk mikroskobu ile
goriilemezler.

1 ile 100 nanometre arasinda degisen Oolgiilerde
yapilan teknolojik ¢alismalarinin timi ise
nanoteknoloji olarak tanimlanmaktadir (Seaton ve
Donaldson 2005). Nanoteknoloji, fonksiyonel sistemlerin
kurulumu i¢in “molekiiler olgekte miihendislik bilimi”
(molekiiler nanoteknoloji) olarak da tanimlanabilir. Bu
bilim dali, makro Slgekte iiriinlerin imalatt i¢in atomlarin
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ve molekiillerin kontroliinii saglamaktadir. Giinlimiizde
hayatin pek ¢ok alaninda daha fonksiyonel ve kiigiik
boyutlu triinlerin imal edilmesi i¢in nanoteknolojiden
faydalanilmaktadir (Hanks ve ark. 2015). Nanoteknoloji
disiplinler aras1 bir bilim dal olup fizik, kimya,
biyoloji, bilgisayar, tekstil, kozmetik, eczacilik ve
tip alanlarinda nanoteknolojik gelismeler
kullanilmaktadir. Tipta teshis ve tedavi siireclerinde, akilli
ilaglarin gelistirilmesinde, sensor, sinyal iletimi, gosterge
sistemleri ile savunma sanayinde, nanoteknolojik kumas
iretimi gibi oldukga farkli alanlarda nanoteknolojiden
faydalanilmaktadir. Ayrica altin, giimiis, ¢inko ve bakir
gibi inorganik nanopartikiiller ile de zirai alanlarda
kullanilan nanopestisitler iiretilmektedir (Xu ve ark. 2006).
Nanopartikiiller orman yanginlari, buharlasma, volkanik
patlamalar, ¢ol tozlar1 ve erozyon sonucu dogal yollarla
cevrede bulunabilirler. Egzoz gazlari, fosil yakit kullanimi
veya endiistriyel islemler sonucunda, ayrica ilaglama
yapilmasi, biyomedikal goriintiileme teknikleri ve
kozmetik iriinler ile de dogaya partikiill saliimi
gerceklegebilmektedir.

Diinya niifusunun hizla artmasi ile birlikte c¢arpik
kentlesme ve betonlagsmadan kaynaklanan ekilebilir tarim
arazilerinin azalmasi aglik tehlikesine sebep olabilecek
nedenlerden birisidir. Bu nedenle birim alandan alinan
iriin - miktarmin artirilabilmesi ig¢in gliniimiizde hala
geleneksel pestisitler kullanilmaktadir. Bu tip pestisitlerin
yanlis ve fazla kullanimi1 {irlinler {izerinde kalinti
olusturmakta ve besin zincirine bagli olarak diger
canlilarda da pestisit maruziyeti meydana gelebilmektedir.
Sadece bu sebep bile insan ve hayvanlarin pestisit
toksisitesine maruz kalmasina neden olmaktadir.
Pestisitlere kronik olarak maruz kalinmasi ise kanser gibi
ciddi saglik problemlerini tetiklemektedir. Ayrica dogal
kosullarda hedef organizmalar kadar hedef olmayan
organizmalarin da yok olmalar1 ekolojik dengenin temel
parametrelerinden birisi olan biyogesitlilik bakimindan
risk  olusturmaktadir  (Ozyurt ve ark. 2018).
Nanoteknolojiden faydalanilarak hazirlanan  yenilik¢i
nanopestisitler ise daha az aktif madde igerdikleri igin
gliniimiizde zararlilara karst daha etkin sekilde
kullanilmakta ve tercih edilmektedir (Vijayalakshmi ve
ark. 2015; Ram ve ark. 2017; Raghvendra ve ark. 2021).

Nanopestisit i¢in evrensel bir tanim bulunmamaktadir.
Ancak “ectken madde ve yardimci materyalleri nano
boyutta iceren pestisit” tanimi bu alanda calisan otoriteler
tarafindan olduk¢a uygun goriilmektedir (Chowdappa ve
Shivakumar 2013). Nanopestisitlerin boyutlar1 onlarin
verimliliklerini ve hedef hiicreye girebilme etkinliklerini
artirmaktadir.  150nm’den  kiigik  olan  partikiil
biiyiikliigiine sahip pestisitler hiicre zarindan gegerek etki
alanina ulasabilmektedir. Yiiksek ¢Oziiniirlik, {istiin
penetrasyon, kontrolli salimim, hedef odakli pestisit
olmalar1  ve biyolojik  performanstaki  artis
nanopestisitlerin tercih sebeplerindendir (Kumar ve ark.
2019). Ayrica gevre giivenligi bakimindan biyolojik olarak
pargalanabilen malzemelerden yapilmis olmalar1 da
nanopestisitlerin kullanimini her gecen giin artirmaktadir.
Ancak disiinebildigimizden daha kiiciik boyutlu olan
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nanopartikiillerin nanopestisitlerin kullanim1 sirasinda
cevreye salmmasi hava yoluyla tasinmasina da sebep
olabilmektedir. Bu durumda nanopestisitler yalnizca
kullanildiklar1 ¢evrede degil aymi zamanda daha uzak
bolgelerde de omurgali ve omurgasiz hayvanlar, bitkiler ve
insanlarda olumsuz biyoetkilesime sebebiyet verebilirler.
Nanopestisitlere dayali bir bagka risk de “siirdiiriilebilir
ekolojik denge bakimindan yasanilan ¢evredeki toprak, su
ve hava kirliligidir (Khan ve Rizvi 2014).

Giliniimiizde modern insanin ihtiyaclarina uygun ve
hayatin1 kolaylastiracak inovatif {iirtinlerin gelistirilmesi
son  derece  Onemlidir. ~ Nanoteknoloji ~ bunlan
saglayabilecek teknolojik yaklasimlara sahip bir bilim
dalidir. Ancak nanoteknolojik iiriinlerin insan ve ekosistem
bakimindan pek c¢ok sorun yaratabilecegi de goz ardi
edilmemelidir (Buseck ve Posfai 1999; Kah ve ark. 2013).
Ciinkii Buzea ve ark. (2007)’a gore, bu teknolojiye bagh
gelismeler ile ortamdaki nanopartikiillerin miktar1 ve
cesidi artis gostermistir. Yeni bir teknoloji olmasindan
dolay1 da nanopartikiillerin farkli organizmalarda ne gibi
zararli etkilerinin olabilecegi pek bilinmemektedir. Bu
nedenle nanopartikiillerin daha az zararsiz olabilmesi i¢in
nanoteknolojik trtinlerin “gilivenilirlik test siireleri” son
derece onemlidir. Ancak bu tip {iriinlerin piyasaya sunulma
stirelerinin yeterli olup olmadig1 bile hala tartismalidir.

Insanlarin nano iiriinleri kullammi ile nanopartikiiller
viicudumuza solunum, beslenme ve deri yoluyla girerek
kana geg¢mekte ve pek ¢ok organa ulasabilmektedir.
(Medina ve ark. 2007). Hatta tiim canlilar {retim
asamasinda bile dogaya sacilan nanopartikiillere solunum
ya da besin zinciri yoluyla maruz kalabilirler. Bu nedenle,
nanopartikiil igeren iirlinler, giinliik hayat i¢in kullanima
sunulmadan oOnce dokulara karsi alerjik reaksiyon
ozellikleri, biyolojik uyumlulugu ve genetik acidan
toksisitesi bakimmdan mutlaka arastirilmahdir. Ozellikle
saglik alaninda kullanilan metal nanopartikiillerin
insanlarda hiicre zehirlenmesine yol agtig1 yapilan genetik
toksisite  testlerinden  anlagilmaktadir. Yine metal
nanopartikiillerin insanlarda genotoksik potansiyele sahip
olduklar1 ve nanopartikiillerin konsantrasyon artisina
paralel olarak DNA hasarinda artis oldugu Revell (2006)
tarafindan saptanmugtir. Genellikle bu tip partikiiller, Patra
ve Goswami (2012)’ye goére, membran proteinlerine
baglanarak onlarin ¢aligmasimi engellerler ve membran
gecirgenligini  bozarlar. Buna ilaveten metal
nanopartikiiller reaktif oksijen tiirlerinin (ROT) olusumuna
sebep olabilirler (Zeng ve ark. 2007). Nanomalzemelere
baglt olarak ROT olusumu ise wviicutta alerjik
reaksiyonlara, otoimmun sistemde zayiflama, inflamatuar,
mutajenik ve karsinojenik etkilere yol agabilmektedir
(Pfuhler ve ark. 2013).

Sayisi ve ¢esidi her gegen giin artan kiiresel tehditlere karsi
biyoyararliliklar1 bakimindan nanopestisitlerin yenilenmis
etkinlikleriyle tarim alanlarinda kullanilmasi insan ve
cevre sagligi bakimindan son derece Onemsenmektedir.
Nanoteknoloji tabanli bu gelisme ile simdiye kadar bilinen
pestisitlere gore daha az oranda aktif madde iceren ve
kontrollii salim ile uzun siireli koruma saglayabilen
nanopestisitler giinlimiizde iretici i¢in olduk¢a cazip hale
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gelmistir.  Ancak  nanopestisitler, bu  yenilikei
ozelliklerinden dolay: tarim alanlarinda kullanilirken bazi
risklere de sebep olabilirler. Bu amagla da nanopestisitlerin
oncelikle kullanictya, flora ve fauna {izerine risklerinin
model organizmalar kullanilarak kisa siireli in vivo testler
ile toksisite bakimindan degerlendirilmesi oldukga
onemlidir (Amorim ve ark. 2020). Ozellikle sunulan bu
caligmada  lizerinde durulan en Onemli nokta,
nanopestisitlerin hedef olmayan organizmalar igin risk
olusturup olusturmadiginin belirlenebilmesidir ve tarim
alanlarinda kullanilan inorganik bakir hidroksit (Cu(OH),)
nanopestisitinin hedef olmayan model organizmalardan
birisi olan Drosophila melanogaster Oregon-R’nin 6miir
uzunlugu lizerine etkileri erkek ve disi popiilasyonlarinda
ayr1 ayri in Vivo olarak arastirilmstir.

2. Materyal ve Metot
2.1. Kullanilan Kimyasal Maddeler

Calismada kullamlan Cu(OH), nanopestisiti (Cas No.
20427-59-2) molekiil agirligi 7,56gr/mol, yogunlugu 3,36
gr/cm®, erime noktast 80°C olan bir cesit fungusittir ve
Hefei TNJ Chemical Industry Co., Ltd. sirketinden satin
almmustir. Stok kiiltiirlerin ve uygulama gruplarmin
beslenmesi igin kullanilan Standart Drosophila besiyerinin
(SDB) igerigini olusturan agar agar (Cas No. 9002-18-0)
ve kif inhibitérii propionik asit (Cas No. 79-09-4) ile
ergin bireylerin eterizasyonu igin kullanilan dietil eter (Cas
No. 60-29-7) gibi kimyasal maddeler de Sigma-Aldrich
Firmasi’ndan (St. Louis, MO, USA) temin edilmistir.

2.2. Kullanilan Model Organizma ve Deney Kosullar

Uygulamalarda kullanilan Drosophila melanogaster
Oregon-R (Diptera: Drosophilidae) kahverengi viicutlu,
uzun kanatli, yuvarlak-kirmizi gézlii herhangi bir mutant
karakter tagimayan yabanil tip soydur. Bu soy, Atatiirk
Universitesi, Fen Fakiiltesi, Biyoloji Béliimii Genetik
Aragtirma Laboratuvari’nda 1988 yilindan bu yana
kendilestirilmis ve genetik olarak ileri derecede homojen
bir laboratuvar stogudur. Drosophila stok kiiltiirleri, %40-
60 bagil nem, 25+1°C sicaklik ile siirekli karanlik kosullar1
tastyan 1sitmali-sogutmali sicaklik kabinlerinde, iginde
SDB bulunan 250ml’lik siselerde yasatilmaktadir (Uysal
ve ark. 2006). Stok kiiltiirler her 15 giinde bir taze SDB’ye
aktarilarak yeni yavru bireyler elde edilmektedir.

2.3. Omiir uzunlugu deneylerinin yapilisi

Kisa siireli in vivo deneysel yontemlerden birisi olan bu
calisma ile Cu(OH)2 nanopestisitinin Omiir uzunlugu
lizerine etkisi D. melanogaster’in disi ve erkek
popiildsyonlarinda ayr1 ayr1 aragtinlmistir. Deneysel
prosediir i¢in oncelikle 1099 X 1033 ¢aprazlamalari
yapilmis ve caprazlamanin yapildigi tarihten itibaren
kiltiir sigeleri i¢inde pupanin goriildiigi yaklasik 7.giin
itibariyle ebeveynler ortamdan uzaklastirilmigtir. Pupadan
cikan Q22 ve J&J Dbireyler, 4-5 saatte bir heniiz
cgiftlesmeden 3 giin siireyle toplanmislardir. Boylece 1-3
giinliik ayn1 yash (72+4saatlik) 100’er birey ile kontrol ve
uygulama gruplart olmak {izere iki ayr1 deney seti
hazirlanmistir. Kontrol grubu yalnizca SDB ile uygulama

98

Eurasian J Bio Chem Sci, 7(2):96-101, 2024

gruplart ise SDB+ suda ¢6ziilen farkli dozlarda Cu(OH);
(10, 20, 40 ve 80 ppm) ile hazirlanmistir. Nanopestisit
uygulamalari kronik olarak ve ii¢ tekrarli yapilmustir.

Deneyler, her iki deney seti i¢in es zamanli baglatilmistir.
Bu amagla, 6nce kontrol ve uygulama gruplarina ait tiim
ergin sinekler kiiltiir siseleri i¢inde 2 saat a¢ birakilmistir.
Her gruba ait 99 ve &J bireyler, haftada iki kez
gerceklestirilecek sayimlarin kolay yapilabilmesi igin, dort
ayr1 gruba ayrilmig ve kiiltiir siselerine 25’er birey olacak
sekilde konulmustur. Uygulama ve kontrol grubuna ait tim
kiiltiir siseleri ayni sartlarda uygun sicaklik kabinlerinde
tutulmus ve uygulamalar siiresince besinler haftada iki kez
tazelenmistir. Birey sayilar1 her uygulama giinii kontrol
edilip 6len bireyler ortamdan uzaklastirilmis ve yasayan
bireyler ile kronik pestisit uygulamasina devam edilmistir.
Her bir uygulama grubunda en son birey Oliinceye kadar
kayitlar dikkatle tutulmustur.

2.4. Istatistiksel yontemler

Omiir uzunlugu deneylerinden elde edilen verilerle ilgili
istatistiksel analizler SPSS 13.0 programi ile yapilmustir.
Kontrol ve uygulama gruplarinin Omiir uzunlugu
ortalamalar1 istatistiksel olarak %5 diizeyinde Duncan
testiyle karsilagtirllmistir. Disi  ve erkek bireylerin
kargilagtirilmasi i¢in de bagimsiz gruplara istatistiksel
olarak %35 diizeyinde X? testi uygulannustir.

3. Bulgular ve Tartisma

Sunulan bu ¢aligmada kisa siireli in vivo omiir uzunlugu
testi igin 99 ve &3 popiilasyonlarinda hem maksimum
omiir uzunlugu hem de ortalama omiir uzunlugu dikkate
almarak degerlendirilmistir. Deneysel prosediirde de
bahsedildigi  gibi  Cu(OH)2  nanopestisiti  suda
¢ozilinebildigi icin kontrol grubu olarak yalnizca distile su
ile hazirlanan SDB (1) kullanilmistir. Maksimum Omiir
uzunlugu 99 popiilasyonu igin kontrol grubunda 80 giin
ve 43 popiilasyonu i¢in de 79 giin olarak belirlenmistir.
Uygulama grubunda ise bu degerler disi popiilasyonunda 2
nolu deney grubunda 77 giin; 3 nolu deney grubunda 73
giin; 4 nolu deney grubunda 70 giin ve 5 nolu deney
grubunda ise 35 giin olarak bulunmustur (Sekil 1). Erkek
popiilasyonuna ait maksimum Omiir uzunlugu degerleri de
en diisik uygulama grubundan (2) en yiiksek uygulama
grubuna dogru (5) 70 glinden 32 giine kadar gerilemistir
(Sekil 2). Tim bu degerler doz artisina bagli olarak
Cu(OH); nanopestisitinin maksimum O6miir uzunlugunu
kontrol grubuna gore oOzellikle en yiliksek uygulama
gruplarinda (5) Q9 popiilasyonu igin %43,75 ve 3J
popiilasyonu i¢in de %40,51 oraninda azalttigim
gostermektedir (Tablo 1).

D. melanogaster’in 29 ve J&J& popiilasyonlarina ait
ortalama Omiir uzunlugu degerleri de Tablo 1’de
goriilmektedir. Y9 popiilasyonunda kontrol grubu (1) i¢in
ortalama Omiir uzunlugu 65,87+1,43 gin iken J4&
popiillasyonunda bu deger 58,95+1,63 gindir. 29
popiilasyonunda ortalama Omiir uzunlugu degerleri,
Cu(OH)2 nanopestisitinin artan dozuna bagh olarak (2, 3, 4
ve 5 nolu uygulamalar icin) sirasiyla 54,33+1,45;
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50,63+1,47; 53,90+1,39 ve 24,49+0,56 giin iken 43
popiilasyonunda ayni uygulamalar ig¢in bu degerler
45,28+1,22; 42,37+1,37; 42,61+1,01 ve 19,79+0,57 giin
olarak  hesaplanmistir.  Ortalama Omiir uzunlugu
bakimindan kontrol ve uygulama gruplart arasinda
gozlenen bu fark hem disi hem de erkek popiilasyonu i¢in
istatistiki olarak p<0,05 diizeyinde 6nemlidir (Tablo 1). Bu
calismada ayrica ortalama Omiir uzunlugu bakimindan
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regresyon diizeyleri de belirlenmis ve disi popiilasyonu
icin R= -0,622 ve erkek popiilasyonu i¢in de R= -0,655
olarak bulunmustur. Hem maksimum hem de ortalama
omiir uzunlugu bakimindan kontrol grubuna gore
uygulama gruplarinda goézlenen gerilemeler Cu(OH):
nanopestisitin her iki popiilasyonda da sinirlayici bir faktor
oldugunu gostermektedir.
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Sekil 1. Cu(OH)2 uygulanmis D. melanogaster’in @ 9 ve 3 bireylerine ait omiir egrileri

Tablo 1. Cu(OH)2 uygulanmis D. melanogaster’'in 9 ve & popiilasyonlarina ait maksimum ve ortalama dmiir uzunlugu degerleri ile

regresyon diizeyleri

Cu(OH)2 nanopestisiti
99 3

Deney Birey | Maksimum | Ortalamadmiir Onem Birey |Maksimum | Ortzlamadmir Onem
gruplan sayist | Omiir uzunluguESH kontroliip) | sayis | Gmir uzunlugusSH kontrolig)
Distile 1-2345% 1-2345

istile su 57 2-5% 2-5%
kontral (1) 100 80 63,87=1.43 35 100 79 58,95+1.63 35

4.5% 4.5%

10 ppm (2) 100 17 5433145 100 0 4528+122
20 ppm (3) 100 13 30,63=1.47 100 66 4237137
40 ppm (4) 100 0 33.80=1,39 100 56 42,61£1.01
80 ppm (3) 100 35 24 4840 56 100 32 19,79+0,57
Regresyon _ _ s
dizeyi B= -0,622 RE= 0,633

SH:Standart hata, * p<0,05 diizeyinde énemlidir.

99



H Uysal

Birlesmis Milletler Gida ve Tarmm Orgiitii (Food and
Agriculture Organization/FAQO), diinyada herhangi bir
bolge ya da tilkede bas gosterebilecek agligi yok etmek ve
beslenme sartlarini iyilestirmek amaciyla 1943 yilinda
kurulmus bir orgiittir. FAO (2018)’ya gore, pestisitlerin
etkin ve yaygin sekilde uygulanmasina ragmen diinyada
zirai mahsullerin % 40’a yakin kismi bitki zararlilar1 ve
bitkisel hastaliklardan etkilenmektedir. Bu baglamda
“Agrokimya”ya (tarim {riinlerini hammadde olarak
kullanarak ¢esitli kimyasal faaliyetler ile nitelik ve
niceliklerini iyilestiren, ayni zamanda bitkiler i¢in zirai
ilaglar ve giibreler ireten kimyanin alt bilim dallarindan
birisi) dayali olarak artan diinya niifusunun agliga karsi
korunabilmesi i¢in {riin kaybinin azaltilmasi, verimin
artirtlmasi, ekosistemlerin dogru yonetimi ve c¢evrenin
korunabilmesi amaciyla tarimsal uygulamalarda pestisit
veya giibre kullanimi gerek sart olarak goriilmektedir (Das
2018). Ancak daha az ve dayanikli aktif madde
kullanilarak maliyetin azaltilmasi, boylece birim alandan
alman iiriin miktarmin artirilmasi, geleneksel pestisitlerin
cevre {lizerindeki baskisinin en aza indirgenmesi ile
stirdiiriilebilir tarim gibi bir dizi fayda agrokimyaya gore
yeni nanoteknolojik gelisme ile elde edilen nanopestisitleri
on plana ¢ikarmaktadir (Sharon ve ark. 2010). Ticari
kimyasal pestisitlere = gore  nanopestisitler  hedef
organizmalar {izerine diisiik konsantrasyonlarda bile daha
fazla etki gostermektedir (Kah ve ark. 2013). Son yillarda
ozellikle bakir bazli nanopestisitler topraklarin ¢ogunda
bakir bulundugundan ve diger kimyasal pestisitlere gore
daha az toksik kabul edildiklerinden dolay1 olduk¢a yaygin
sekilde kullanilmaya baglanmistir (Kamel ve Mousa 2015).
Bakir bazli nanopestisitlerin 6zellikle iizim bagi, zeytin,
turunggil, patates ve domates ekili alanlarda yaygin
goriilen hastaliklarla miicadelede etkili ve miikemmel
koruma sagladigi da bildirilmektedir (Zhao ve ark. 2018).

Giliniimiizde organik ve inorganik olmak {izere iiretilen ve
zirai amagli olarak kullanilan nanopestisitlerin sayisi
arttikga bu pestisitlerin kiltiir bitkileri ve hedef olmayan
diger organizmalar {izerine olasi etkilerinin anlagilmasi
insan ve c¢evre sagligi acisindan oldukca Onemlidir
(Jacques ve ark. 2017; Fojtova ve ark. 2019). Bu amagla
ozellikle nanopestisitlerin biyoakiimiilasyonunun
belirlenebilmesi i¢in model bir organizma olan
D.melanogaster ve in vivo 6miir uzunlugu testi ideal bir
biyobelirtectir.

Tablo 1’de de gorildigli gibi uygulama gruplarinda
Cu(OH), nanopestisitinin artan dozlarda ve kronik olarak
kullanimi, disi ve erkek bireylerde biyoakiimiilasyona
dayali olarak maksimum ve ortalama Omiir uzunlugunu
kontrol grubuna goére anlamli derecede diistirmiistiir
(p<0,05). Ciinkii deneysel prosediire gore, uygulama
gruplarma ait sicaklik, bagil nem ve besiyeri igerigi gibi
ortam sartlar1 stabil tutulmustur ve tek degisgenin
besiyerine farkli dozlarda ilave edilen Cu(OH),
nanopestisiti olmas1 sebebiyle dmiir uzunlugunda meydana
gelen  degismeler tarafimizdan bu  nanopestisite
atfedilmektedir. Ozellikle Sekil 1°de verilen 2% ve 33
popiilasyonlarina ait dikdortgensel omiir egrileri, Cu(OH):
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nanopestisitinin  sebep oldugu toplu Oliimleri agikca
gostermektedir. Khan ve Rizvi (2014)’ye gore,
nanopestisitler kullanildiklar1 alanlarda bitkilerin yaprak
ve ¢igek kisimlarina akiimiile olarak stomalarin
tikanmasina, stigma ilizerinde polen ¢imlenmesini
engelleyen bir tabaka olusumuna ve vaskiiler dokulara
girerek su, besin gibi {riinlerin taginmasina olumsuz
etkilerde bulunabilirler. Nanopestisitler insan ve hayvanlar
tarafindan teneffiis edildiginde de akcigerlerde alveollere
kadar girebilmekte ve gaz aligverisini engelleyerek
solunumu giiclestirmektedir. Ozellikle tarim arazilerinde
hedef olmayan omurgasiz hayvanlar i¢in de benzeri bir
mekanizma ile ister dogal ortamda hava yoluyla taginima
dayali olarak ister sunulan bu g¢aligmada oldugu gibi
Drosophila popiilasyonunun kronik  beslenmesi ile
organizma tarafindan alinan nanopestisit partikiilleri,
viicudu ag gibi saran tiibiiler yapidaki trake sistemini
tikayarak solunum giigliigiine bagli toplu dliimlere sebep
olabilmektedir. Sekil 1°de doz artisi ile birlikte goriilen
dikdortgensel grafikler, tarafimizdan biyoakiimiilasyonun
gostergesi olarak kabul edilmektedir.

Popiilasyon biiyiikliigiinii  etkileyen ve popiilasyonun
yaslanmasina sebep olan faktorler olarak bilinen cografik
izolasyonlar, seleksiyon, mutasyon, gogler ya da dogum ve
6liim oranlar1 arasinda 6zellikle herhangi bir faktére dayali
Olim oranlarindaki artig, bu caligmada oldugu gibi hem
Omiir uzunlugunu kisaltmakta hem de buna paralel olarak
popiilasyonun yaslanmasina sebep olmaktadir. Ancak bize
gore, nanopestisitler biyoakiimiilasyona dayali dliimleri
tetikleyerek popiilasyon yaslanmasina neden olabilecegi
gibi genotoksisiteye dayali mutasyon teorisi, proteinlerin
degisiklige ugrama teorisi ya da oksidatif stres teorisi gibi
yaglanma teorilerine bagli olarak da giinlimiizde
popiilasyon yaslanmasini hizlandirabilecek inovatif bir
faktor olarak kabul edilebilir.  Ciinkii Lemire ve ark.
(2013)’a  gore,  hiicresel proteinlere  baglanabilen
nanopartikiiller hem membranda yer alan integral
proteinlerin hem de sitoplazmada bulunan periferik
proteinlerin  diizgiin ¢aligmasim1  engelleyerek hiicre
gecirgenliginde ve hiicresel tagimada bozulmalara sebep
olabilmektedir. Zeng ve ark. (2007)’a gore de,
nanopartikiiller DNA’ya baglanarak genotoksik etkisiyle
hiicresel oliimleri uyarabilmektedir. Ayrica ROT’larin
miktarin1 artirarak yine hiicresel diizeyde oksidan ve
antioksidanlar arasindaki dengenin bozulmasma da sebep
olabilmektedir. Tiim bu mekanizmalar canli sistemlerde
tek basma calisabildigi gibi bir ya da daha fazla
mekanizma es zamanli olarak 6miir uzunlugu tizerinde ket
vurucu etki gosterebilir. Ayrica yukarida sayilan
mekanizmalar kapsaminda Drosophila gibi hedef olmayan
herhangi bir organizmanin nanopestisitlerden etkilenmis
olmasi biyogesitlilik bakimindan da sinirlandirici bir faktor
olarak gozden uzak tutulmamalidir (Gomes ve ark. 2019).

4. Sonuc¢

Geleneksel pestisitler, amag¢ digt ve doz asimina bagl
kullanimlarindan dolayr faydali ve/veya hedef olmayan
tiirlerin yok olusuna, gidalar {izerinde kalinti olusumuna,
direngli zararlilarin gelisimine ve oOzellikle ilk etapta
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kullanicilarda zehirlenme etkileri ile ileri boyutlarda
kanser gibi olasi saglik sorunlarina sebep olmaktadirlar.
Tim bu sorunlarin yaganmamasi i¢in gliniimiizde
nanoteknolojik iiretim teknikleri kullanilarak ¢ok daha az
oranda  aktif @ madde  igerigine  sahip ticari
nanoformiilasyonlar iretilmektedir. Ancak ultrakiigiik
boyutlara sahip olmasiyla bir¢ok alanda basariyla
kullanilabilen nanopartikiiller, bitki koruma amach
kullanilmadan o6nce farkli mutajenite, toksisite ve hatta
genotoksisite  testlerine  tabi  tutulmahdir.  Ciinki
nanopestisitler yalnizca kullanildiklar1 alanlardaki bitkileri
degil daha wuzak boélgelerdeki flora ve faunayr da
etkileyebilmektedir. Bu sebeple, nanoteknoloji tabanli
irinlerin  bitki koruma amagli kullanimindan &nce
ekosistemde olusturabilecegi riskler bakimindan detayl
arastiritlmasi ¢evre ve farkli canli topluluklart bakimidan
gerek sarttir.
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Abstract: This study aimed to evaluate the capacity of Epilobium hirsutum L. (Onagraceae), a wetland plant, to accumulate and
tolerate zinc (Zn) and its in vitro propagation potential. Root-shoot length, fresh weight, pigment, and protein content were analyzed
in the plants grown in different Zn concentrations, including 0, 10, 20, 30, 40, 50, 75, 100,150, and 200 mg Zn/L. In the seedlings
grown at 50 and 75 mg Zn/L concentrations, a reduction in the relative root length, shoot length, and fresh weight was detected. It
was found that there was a negative correlation between pigment and protein contents of E. hirsutum and increased Zn
concentrations of solutions. On the other hand, it was determined that a considerable amount of Zn was accumulated by E. hirsutum
in its roots (10 598 mg Zn/kg DW). In tissue culture experiments, it was found that MS medium was effective for the germination
of the plant (97%). When the growth parameters of plants grown in different concentrations of Gibberellic acid were evaluated,
the highest growth parameters were obtained at 50 mg/L. It has been concluded that the most successful mediums on shoot
development were 1.0BAP/1.0NAA and 1.0BAP/1.0IBA. The highest number of shoots per explant was 1.0BAP/1.0NAA (3.96).
The longest root length was also determined on medium with 1.0BAP/1.0IBA (0.28 cm). Regenerated shoots were transferred to
different concentrations of root mediums. It was concluded that MS medium with 1.01BA has been superior for root formation

compared to other hormone concentrations.

Keywords: Phytoremediation, Purple loosestrife, Zinc

1. Introduction

Heavy metal pollution in freshwater is a global
environmental problem (Sabreena et al. 2022; Ali and Khan
2018, Tiwari et al. 2015). Rapid population growth,
unplanned use of natural resources, and pollution caused by
industrial wastes have caused a reduction in freshwater
resources recently (Phillips et al. 2015; Akpor et al. 2014).
With scientific studies, effective remediation techniques
have been improved, such as adsorption, biosorption,
remediation, and phytoremediation, using plants to remove
pollution or contaminants from the environment. However,
in the last decade, one of these techniques, studies on
phytoremediation, has gained speed worldwide (Azubuike
et al. 2016; Phillips et al. 2015; Fu and Wang 2011; Hegazy
et al. 2011). One of the heavy metals, Zn, is an essential
micronutrient for plants, and it is the second most common
element found in living organisms after iron. However, zinc
deficiency and toxicity affect plant growth. There is a

© EJBCS. All rights reserved.

considerable difference in the tolerance of plants to zinc
levels in soil. Zinc-tolerant plants have developed
mechanisms to regulate excess zinc by sequestering Zn in
vacuoles or forming complexes that reduce its harmful
effects. Zn exists in five distinct forms in soils, including
water-soluble, adsorbed, chelated, and Zn complexes
(Noulas et al. 2018). The structure of more than 300
enzymes, such as superoxide dismutase, carbonic
anhydrase, and polymerase, participates in carbohydrate,
lipid, protein, phosphate, DNA, and RNA synthesis in
plants (Nardis et al. 2018; Broadley et al. 2012). Besides,
Zn promotes growth hormones and starch metabolism; it is
also an essential microelement in a plant for nitrogen
metabolism and seed maturation (Ackova 2018; Sharma et
al. 2013; Tsonev and Lidon 2012; Cakmak 2000). However,
increased anthropogenic  activities  and rapid
industrialization caused the accumulation of Zn in the
environment (Nardis et al. 2018). In this regard, the ability
of plants to remove pollutants from the environment and
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convert them to non-toxic forms for a sustainable
environment has become increasingly important in recent
years (Adki et al. 2014; Doran 2009). Plant tissue culture is
a technique used to cultivate and maintain new plant tissues,
cells, or organs under aseptic and controlled conditions on
a nutrient medium (Sarasan et al. 2006). Compared to
traditional methods, tissue culture methods appear as
reliable and practical techniques for large-scale plant
multiplication and conservation of plants. Plant tissue
culture has broad application areas in various fields, such as
environmental ~ problems,  phytoremediation,  plant
improvement, and secondary metabolite production. It is
also a suitable tool for phytoremediation studies (Adki,
Jadhav, and Bapat 2014; Garcia-Gonzales et al. 2010;
Sarasan et al. 2006). There are many wetland plants for
using phytoremediation studies (Eid et al. 2021; Rodrigues
et al. 2020; Schiick and Greger 2020). One of these wetland
plants Epilobium hirsutum L. (Onagraceae), is a perennial
medicinal plant popularly known as great hairy willowherb
(Davis 1965). Epilobium species contain various
flavonoids; therefore, the E. hirsutum plant has been used to
treat benign prostatic hyperplasia (BPH) (Granica et al.
2014). Nowadays, remediation methods are frequently used
to remove Zn pollution in aquatic environments. Thus, E.
hirsutum plants accumulated very high concentrations of
metals and were used to detect heavy metal pollution in
wetlands (Adki, Jadhav, and Bapat 2014; Guittonny-
Philippe et al. 2015). E. hirsutum plant is suitable for the
remediation of especially Cu contaminated areas
(Ghaderian and Ghotbi Ravandi 2012). Also, the
biotechnological methods mentioned in our study are
fundamental to reproducing and conserving the E. hirsutum
genotype, a medicinal plant.

The objective of the present study is to reveal the usability
of E. hirsutum in phytoremediation of Zn in hydroponic
culture, to detect the response of E. hirsutum to Zn stress,
and to develop an in vitro propagation protocol for the use
of in vitro plantlets in the future phytoremediation studies.
With this study, we target E. hirsutum, a native herbaceous
plant in Turkey, and will take its place among the plants that
can accumulate Zn in the literature. Considering this plant's
high Zn accumulation capacity, this research will be a good
sample for the possible use of wetland plants in
phytoremediation studies.

2. Materials and Method
2.1. Plant Material

E. hirsutum capsules were collected from September to
October 2016 from populations in Kopriiéren, Kiitahya,
Tiirkiye (39° 30°27"N, 29° 44°'59"E). In phytoremediation
experiments, the healthy seeds were sewn into pots filled
with soil and placed in pools filled with water in the
greenhouse until seedlings had 8-10 leaves. E. hirsutum
seedlings were transplanted into 2.5-liter pots containing
10% Hoagland solution for acclimatization and kept in this
solution for seven days.
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2.2. Phytoremediation Experiments

To determine the maximum Zn concentration that seedlings
could accumulate a high amount of Zn along with showing
healthy development, E. hirsutum seedlings were kept in
10% Hoagland solutions (pH 6.2) containing ten different
Zn concentrations (0 as a control group, 10, 20, 30, 40, 50,
75, 100, 150 and 200 mg Zn/L) for seven days. Two stock
solutions, including 1000 ppm Zn solution and Hoagland
solution without Zn, were prepared for the experiment.
Calculated Zn stock solution amounts were added to 10%
Hoagland solutions to adjust the concentrations mentioned
above. At the end of the seven days, the roots of the
harvested seedlings were washed with sodium-EDTA (1%)
and ultra-pure water to eliminate heavy metal
contamination. The relative growth parameters (RGP) were
calculated as (1):

Growth parameters in zinc solutions

RGP(%)= x 100 (1)

Growth parameters in control solution
2.2.1. Zinc Analysis

Plant samples (root, shoot, and leaf parts) were dried at 70
°C oven for 48 hours and then ground in a RETCH brand
mortar grinder for Zn analysis. The dried plant parts were
weighed and recorded as dry weight (DW). 0.1 g dried plant
samples were digested with nitric acid and hydrogen
peroxide in glass digestion tubes (Kagar and Inal 2008). The
heavy metal content of seedlings was analyzed by an
Atomic Absorption Spectrometer (Analytikjena ContrAA
300, Dumlupinar University 2018) by Dumlupinar
University Advanced Technologies in Design, Research,
and Development, and Application Centre.

2.2.2. Measurement of Protein and Chlorophyll Contents
of Seedlings

The chlorophyll contents of fresh leaves were determined
by crushing them in a mortar with acetone. The supernatant
absorbance was read at 450, 647, and 663 nm using an
Optizen POP spectrophotometer (Arnon, 1949). 0.5 g of
fresh leaves were extracted with 5 mL of phosphate buffer
to determine protein content. The extracts were centrifuged
at 20,000 rpm for 20 min, and the absorbance of 0.1 mL
supernatant sample was read at 595 nm (Bradford 1976).

2.3. Tissue Culture Experiments
2.3.1. Sterilization of Seeds

The seeds were sterilized by adding a few drops of tween
20 to the 3% sodium hypochlorite for 10 minutes and then
rinsing with sterile ultrapure water three times. Murashige
and Skoog (Murashige and Skoog 1962) (MS) nutrient
medium containing mineral salts, 3% sucrose, and 7 g agar
were used in germination, regeneration, and rooting
experiments. MS nutrient medium was sterilized in an
autoclave at 121 °C and under 1.1 atm-pressure for 20
minutes. Sterilized seeds were sown in magenta vessels, left
in a growth cabinet at 25 °C, and under a 16/8 hours
photoperiod for 30 days.
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2.3.2. In Vitro Germination

After 30 days of germination, in vitro germinated seedlings
with approximately 0.3-0.5 cm shoot tips were transferred
to an MS medium containing 25, 50, and 75 mg/L
gibberellic acid (GAas-filter-sterilized and added to the
growth medium following to autoclaving) for three weeks.
After three weeks, E. hirsutum seedlings were transferred to
MS basal medium with different combinations of 6-benzyl
amino purine (BAP)/naphthalene acetic acid (NAA) and
BAP/indole-3-butyric acid (IBA) for four weeks. The study
used these mediums as the initiation media for in vitro
multiplication. The regenerated shoots (about 5 cm in
length) of E. hirsutum were excised and individually
transferred to an MS root medium with various
concentrations of NAA and IBA to test the rooting
potential. The number of roots per shoot, root lengths, and
rooting percentages were determined after four weeks after
the culture initiation. Plantlets grown in tissue culture were
gradually adapted to hydroponic culture.

2.4. Statistical Analysis

JMP6 SAS Statistical Analysis Program was used to
evaluate the data obtained from this study (JMP, 2005). The
experiments were conducted in three replicates containing
five explants in each culture vessel. F-test and Tukey HSD
multiple comparisons test (at p<0.05 level) were used to
reveal the differences between different Zn concentrations
and average Zn accumulation, root lengths, shoot lengths,
fresh weights, chlorophyll, and protein contents of E.
hirsutum seedlings (Kocagaligkan and Bingdl 2017). All
calculated mean values are given together with their
standard deviations.

3. Results and Discussion (Times New Roman 10 pt, Bold)
3.1. Phytoremediation Experiment

A plant’s tolerance to heavy metal stress can be achieved
through some changes in its growth (Ackova 2018).
Similarly, our research determined a significant relationship
between relative growth parameters and Zn concentrations.
The mean relative root lengths, shoot lengths, and fresh
weights of E. hirsutum seedlings grown in different Zn
concentrations are given in Figure 1. In this study,
increasing Zn concentrations have caused a decrease in
relative root and shoot lengths and fresh weights of E.
hirsutum according to an increase in Zn concentrations from
10 to 75 mg/L in solutions, except for 10 mg/L fresh weight
(86.5 to 55.4%; 79.9 to 63%; 101.5 to 34.2%, respectively)
(Fig. 1).

Our data revealed a statistically significant relation between
increasing Zn concentration in the solutions and root-shoot
lengths and fresh weight of E. hirsutum compared to the
control (p< 0.01). While blackening and rupture were
determined on the roots of the seedlings grown in solutions
containing 40 mg/L and above Zn concentrations, drying
and red-brown spots were also observed on the leaves. It
was observed that the fresh weight of the seedlings
decreased at 50 and 75 mg/L Zn concentrations. However,
it was found that in all concentrations above 75 mg Zn/L
(100, 150, and 200 mg Zn/L), seedlings died at the end of
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the experiment. In another study related to Zn heavy metal
stress, the Lythrum salicaria plant was shown to decrease
the root-shoot length and fresh weight (Bingol et al. 2021).
A similar result has been reported by Akin et al. (2022), and
they also found that increasing Zn concentrations have
produced a reduction in the root length, shoot length, and
fresh weight of the E. hirsutum plant according to the
control, which made it tolerant to the Zn heavy metal by
salicylic acid. Malik et al. (1970) reported that the length of
roots and shoots, fresh weight, and dry weight of
Amaranthus sp. decreased depending on the increasing Zn
concentration, while the root and shoot length of the rice
plant increased due to the increasing Zn concentration.
Ehsan et al. (2015) investigated the effect of Zn on the
Lupinus uncinatus plant. They found that the plant showed
healthy growth in a medium containing 30 uM Zn but
showed toxic symptoms in 40 uM Zn solution, and the plant
died at 50 uM Zn concentration. Aran et al. (2017) found
that the root length and leaf number of the Limnobium
laevigatum plant decreased in parallel with the increasing
Zn concentration. In their review, Bolat and Kara (2017)
emphasized that depending on the increase in the Zn
concentration, the plant's root and leaf development and
iron and phosphorus uptake decreased significantly. Zn
toxicity caused significant changes, especially in the root
system of plants. Several studies have revealed that plants
exposed to high metal concentrations cause changes in root
morphology and develop a higher percentage of branching,
especially in the metal contact area of the roots. Zn stress
also causes a reduction in primary root length (Balafrej et
al. 2020). Thus, the results of the studies mentioned above
had similar findings to this study. As a result, excess Zn
causes growth inhibition, development of chlorosis, and
necrosis in the plant and inhibits cell elongation and division
(Tsonev and Lidon 2012).
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Fig. 1 Mean relative values of root length, shoot length, and fresh
weight of E. hirsutum at different Zn concentrations

According to the data obtained from this study, E. hirsutum
can accumulate Zn in the whole plant under hydroponic
conditions. It was determined that there was a statistically
significant relation between the amount of Zn accumulated
by seedlings and Zn concentrations in solutions (F = 11
660.69; p <0.001). The seedlings kept in 30 and 40 mg Zn/L
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solutions accumulated a high amount of Zn. At the same
time, the lowest Zn accumulation was calculated in
solutions containing 75 mg/L Zn (Fig. 2). When all these
data were evaluated, it was determined that the highest Zn
concentration that the seedlings showed well-grown and
accumulated more Zn was at 30 mg Zn/L (14 894.90+17.11
mg Zn/kg DW) (Fig. 2). When the Zn accumulations in
three organs were compared to each other, it was
determined that the roots (10 598 mg Zn/kg DW) had higher
Zn accumulation than shoots (3 503 mg Zn/kg DW) and
leaves (793.8 mg Zn/kg DW). Zn phytotoxicity in plants can
differ according to the plant type, genotype, age,
environment state, and the concentration of heavy metals
and other ions (Tsonev and Lidon 2012). The results
obtained from phytoremediation studies with different
plants show that plants can accumulate Zn in their
vegetative organs, including roots, shoots, or leaves
(Hesami et al. 2018; Mahdavian et al. 2017; Mazumdar and
Das 2015). Dogan (2011) reported that some aquatic plants,
Alisma plantago-aquatica, Sagittaria sagittifolia, Juncus
effusus, Lythrum salicaria, and Phalaris arundinacea
accumulated Pb, Cd, Zn, and Cu in their roots. Matthews et
al. (2004) investigated the growth rate, Zn intake, and metal
tolerance of Eriophorum angustifolium, Juncus effusus, and
Juncus articulatus plants. Maximum Zn accumulation was
53+28 pmol/g in the roots and 43+2 pmol/g Zn in the leaves
of the J. effesus plant. The plant showed some toxicity
symptoms at 40 mg/L and above Zn concentrations in this
research, such as necrosis and red-brown spots in leaves.
Young leaves show chlorosis, the first symptom of Zn
toxicity in most species (Reichman 2002). There are many
studies on Zn toxicity (Al Chami et al. 2015; Mirshekali et
al. 2012; Rout and Das 2003). Thus, when the accumulation
results of this study were evaluated, it was understood that
E. hirsutum has a substantial phytoremediation property.
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Fig. 2 Zn accumulation (mg/kg DW) of E. hirsutum at
concentrations of 0, 10, 20, 30, 40, 50, and 75 mg/L Zn

In this research, chlorophyll a, b, the total chlorophyll, and
carotenoid amounts in leaves were studied to put forward
the plant's response against Zn heavy metal. Zn toxicity has
caused reductions in chlorophyll synthesis because of the
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inhibition of pigment synthesis (Broadley et al. 2007). It
was found that there was a statistically significant relation
between the pigment contents of the seedlings and the
increasing Zn concentrations (chlorophyll a F=3116.70;
chlorophyll b F=536.77; total chlorophyll F=9204.30 and
total carotenoid (F=105147.1). When photosynthetic
pigments were compared in the E. hirsutum plant treated
with Zn, it was determined that there was a significant
decrease in pigment levels (Fig. 3). Consequently, total
chlorophyll  content decreased at excessive Zn
concentrations (50 and 75 mg Zn/L). In plants, the
functionality and efficiency of the photosynthetic system
are hampered by Zn toxicity. Thus, the reason for reducing
of chlorophyll at high Zn concentrations could be the
inhibition of chlorophyll biosynthesis (Emamverdian et al.
2015; Shakya et al. 2008). Similarly, such decreases in the
levels of photosynthetic pigments have been reported by
other studies in many plants on exposure to heavy metals
(Chandra and Kang 2016; Mirshekali et al. 2012; Shakya,
Chettri, and Sawidis 2008; Vassilev et al. 2011).
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Fig. 3 Effects of increasing Zn concentration on pigment content
of E. hirsutum

The results showed a significant difference at the
probability level (p <0.001) in leaf protein contents of E.
hirsutum, which was exposed to different concentrations of
Zn. The highest protein contents were found in solutions
containing 10 and 20 mg Zn/L. Thus, this study calculated
that plants grown at 10 mg/L Zn concentration had the
highest protein content (4.39 mg/g leaf). A decrease in the
amount of protein was detected at 40 mg Zn/L and above
concentrations (Fig. 4). Zn is an essential component of
particular proteins in all classes of enzymes, such as
oxidoreductases, transferases, and hydrolases, and plays a
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role as a protein cofactor (Chandra and Kang 2016;
Emamverdian et al. 2015; Maret 2013; Vassilev et al. 2011).
The decrease in the protein content of the plant exposed to
high Zn concentrations may be due to changes in plant
metabolism and plant response to heavy metal stress
(Tsonev and Lidon 2012; Cakmak 2000). According to
Jayasri and Suthindhiran (2017), high Zn concentration (20
mg Zn/L) negatively affected soluble proteins in Lemna
minor. Plants respond to heavy metal stress by expressing
genes that encode proteins (Chaudhary et al. 2019). Hence,
from the above results, we can conclude that metal stress
causes changes in plant protein content.

3.2. Tissue Culture Experiments

In our study, we determined the most suitable tissue culture
conditions for using the E. hirsutum plant to detect metal
toxicity and phytoremediation purposes in the future. The
most crucial step of in vitro culture studies is selecting the
appropriate tissue culture medium for the plant (Espinosa-
Leal et al. 2018; Sarasan et al. 2006). This study obtained
the highest (97 % =+ 1.53) and fastest seed germination
percentage in MS medium within 7.7 + 0.26 days. Based
on the results, the MS medium was selected as the optimum
medium for the germination of E. hirsutum. In a study by
Rogers (2003), Typha angustifolia seeds had a 60-95%
germination rate when cultured in light in liquid MS or
sterile water. According to Dreger et al. (2016), it was stated
that MS medium is sufficient for the germination of
Epilobium angustifolium, and they found that the highest
germination was 99% within seven days. When the results
are compared with the literature data, our study is similar to
these studies.

4.00 4

wooow
s
e o

5]
n
S

Protein content (mg/g leaf FW)

2.00 ~

20 30 40
Concentration (mg Zn/L)

S0 75

Fig. 4 Effects of different Zn concentrations on the leaf protein
content of E. hirsutum

E. hirsutum seeds germinated in the MS medium did not
occur adequate growth. Therefore, seedlings were first
transferred to an MS medium containing different
concentrations of GA. As shown in Table 1, when the
growth parameters of the seedlings grown at different
concentrations of GA (25, 50, and 75 mg GA/L) were
evaluated, the number of shoots per explant (F=4.57;
p=0.0168), shoot length (F=53.33; p<0.001), number of
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roots per shoot (F=24.87; p<0.0001), root length (F=74.76;
p<0.0001), and the number of leaves per explant (F=29.58;
p<0.0001, respectively) were increased by 50 mg GAJL.
However, 75 mg GA/L treatment showed an inhibitory
effect on root formation (Table 1). Endogenous hormones
such as gibberellin are essential in seed germination
(Hilhorst and Karssen 1992; Vishal and Kumar 2018).
Furthermore, it has been found that exogenous GA
treatment was an effective method to break seed dormancy
and promote seed germination of Pinus massoniana
(Guangwu and Xuwen 2014). Explant development
depends on plant growth regulators and tissue culture
medium content. Therefore, optimization of the
concentration of growth regulators is crucial for promoting
in vitro shoot cultures (Nasution and Nasution 2019; Khan
et al. 2015).

The shoot tips grown in the MS medium containing 50 mg
GAJ/L, where E. hirsutum shows the best growth, were
transferred to the MS medium containing different plant
growth regulator concentrations, as shown in Figure 5. The
shoot tip explants taken into plant tissue culture exhibited
different shoot growth behaviors depending on the
concentration of plant growth regulator and type. Some
researchers reported that BAP had superior effects over
other cytokinins (Anish et al. 2008; Giimiiscii et al. 2008).
Among the plant growth regulators containing different
concentrations of BAP-NAA and BAP-IBA used in this
study, 1.0 BAP/1.0 NAA has shown the best response to
initiate multiple shoot formation. There were no statistical
differences among all types of the medium; the highest
number of shoots per explant was obtained in 1.0 BAP/1.0
NAA (3.96 £ 0.60, F=1.14; p=0.37). When shoot tip
explants are cultured in an MS medium containing the
combination of BAP and NAA or IBA, it has been found
that shoot formation is interrelated with auxin
concentration. An increase in the auxin concentration
resulted in a significant increase in the number of shoots per
explant.

However, the results showed that the highest shoot length
was obtained on medium with 1.0 BAP/0.5 NAA (1.46 cm
+ 0.08, F=2.30; p=0.005). The most extended length was
also determined on medium with 1.0 BAP/1.0 IBA (0.28 cm
+ 0.05, F=8.29; p=0.0001). According to the results in
Figure 5, the combination of cytokinin with auxins in the
MS medium significantly impacted the shoot multiplication
of E. hirsutum. It has been determined that the most
effective treatments for the shoot development of E.
hirsutum are 1.0 BAP/1.0 NAA and 1.0 BAP/1.0 IBA
treatments. Although no studies are detailed on the in vitro
propagation of E. hirsutum, some researchers mentioned the
regeneration procedure of E. hirsutum, E. angustifolium,
and E. parviflorum (Akin et al. 2022; Tamas et al. 2009;
Turker et al. 2008; Akbudak and Babaoglu 2005; Rogers
2003). Thus, Tamas et al. (2009) demonstrated that shoot
cultivation of E. hirsutum on an MS medium supplemented
with antioxidative agents and polyvinyl pyrrolidone
(adsorbent agent) resulted in biosynthesis of higher
concentrations of polyphenolic compounds than E.
hirsutum plants collected from nature. Badkhane et al.
(2016) tested the regeneration capacity of in vitro explants
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of Glycyrrhiza glabra by adding different concentrations of
BA, Kinetin (Ki), NAA, and IBA growth regulators to an
MS nutrient medium. Besides, they obtained the best shoot
regeneration percentage and shoot formation rate in a
medium containing 2 BAP/0.5 NAA when they used the
node and internode explants. As a result of our study,
growth regulators used in plant culture medium, and their
concentrations affected the organogenesis of the plant.
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Fig. 5 Effects of different concentrations of BAP, IBA, and NAA
on shoot formation of E. hirsutum
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The more significant influence of BAP on proliferation and
multiplication was also stated by several researchers (Akin
et al. 2018; Akin et al. 2014; Arab et al. 2014; Waoo et al.
2013). In our study, mediums containing 1.0 BAP/1.0 NAA
and 1.0 BAP/1.0 IBA induced the highest number of green
and healthy adventitious shoots. Auxins are critical plant
growth regulators that are involved in the process of
adventitious root development. Thus, adventitious rooting
is a crucial and essential step for the vegetative propagation
of plants (Sauer et al. 2013). In vitro, regenerated shoots of
E. hirsutum showed different behaviors during the rooting
processes. This study transferred regenerated shoots in 1.0
BAP/1.0 NAA and 1.0 BAP/1.0 IBA to varying
concentrations of root mediums (0.5 NAA, 1.0 NAA, 0.5
IBA, and 1.0 IBA) to test the rooting potential. The root
parameters were changed significantly with different IBA
concentrations. The best rooting was obtained in the MS
medium containing 1.0 mg IBA/L. However, when we
compared the effects of shooting mediums (1.0 BAP/1.0
NAA or 1.0 BAP/1.0 IBA) on the rooting of seedlings, 1.0
BAP/1.0 NAA medium (32.9 = 6.71 number of root/shoots;
F=6.65, p=0.002) proved to be superior to 1.0 BAP/1.0 IBA
(25.0 £ 3.42 number of root/shoots; F=0.13, p=0.94, Table
2).

Table 1 Effect of different concentrations of GA on the shoot, root formation, and leaf number of E. hirsutum. According to the Tukey
HSD test, mean values with the same letter are not statistically different (p <0.01)

GA concentrations Number of Shoot length  Number of Root length Number of
(mg/L) shoots/explant (cm) roots/shoot (cm) leaves/explant
25 1.0 £ 0.00°* 21+023% 12+032° 0.3 £0.08° 8.5+0.36°
50 1.6 +£0.29% 5.0+£029%  4.0+0.64° 1.2+0.10% 10.9 +0.502
75 1.0 +0.00° 23+0.12° 0.0 £0.00° 0.0 +0.00° 6.7+0.27°

Thus, 100% rooting was achieved in all root MS mediums
(Table 2). In vitro, shoot formation may have resulted in
different success levels depending upon the plant growth
regulators used in the MS medium. Akin and Kocagaliskan
(2011) stated that the endemic plant Arabis drabiformis
exhibited the best rooting at 0.5 mg IBA/L concentration.
For decades, IBA was described as a ‘synthetic auxin’ most
commonly used that induced root initiation and was
preferred based on the results of prior studies (Akin et al.
2014; Akin and Kocagaliskan 2011; Akin et al. 2018; Frick
and Strader 2018; Kurt and Erdag 2009; Prasad et al. 2004).

4, Conclusion

Even though E. hirsutum, a medicinal wetland plant, can
accumulate heavy metals in its organs; there are few studies
on the plant's metal accumulation ability and
micropropagation. This study concluded that E. hirsutum
tolerated Zn up to 75 mg/L and accumulated more Zn at a
concentration of 30 mg/L without showing any Zn toxicity
symptoms. Medicinal plants have been used as sources of

107

pharmaceutical products for many years (Akin 2020).
However, tissue culture methods reported herein are
powerful for selecting, multiplying, and conserving crucial
medicinal plants. The possibilities of plant regeneration
through tissue culture technology were investigated in this
study. As a result, the in vitro propagation protocol (for
shoot formation 1.0 BAP/1.0 NAA and root formation 1.0
IBA) and E. hirsutum plantlets were developed in this study.
The regeneration system described here can be used in
future phytoremediation studies.
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Table 2 Effect of different culture media (1.0 BAP/1.0 NAA and 1.0 BAP/1.0 IBA) and growth regulators (IBA and NAA) on rooting in
vitro regenerated shoots after four weeks of rooting treatments. According to the Tukey HSD test, mean values with the same letter are not

statistically different (p <0.01)

Medium Growth regulators Number of Root length Rooting
(mg/L) (mg/L) roots/shoots (cm) (%)
0.5 NAA 8.17+1.19” 0.54+0.11° 100.00
1.0 NAA 247+ 2312 a 100.00
1 BAP/ 1 NAA 1.57+0.24
0.5 IBA 27.5 £2.50° 1.22 +0.21% 100.00
1.0 IBA 32.9+6.71° 1134 0.10% 100.00
Medium Growth regulators Number of Root length Rooting
(mg/L) (mg/L) roots/shoots (cm) (%)
0.5 NAA 21.0+5.672 0.83 +£0.172 100.00
1.0 NAA 23.8+£8.972 1.10 £ 0.282 100.00
1 BAP/1 IBA
0.5IBA 21.7+1.672 0.88 £0.212 100.00
1.0 IBA 25.0 +3.42° 1.50 £ 0.25% 100.00
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1. Introduction pyrazoline-based compounds, the diversity of design
substitutions to the pyrazoline ring appears to have a
stupendous impact on the biological profile. It has been
observed by diverse researchers that the steric and
electronic properties of the substituents attached to 3,5-
diaryl-4,5-dihydro-1H-pyrazole derivatives, which
represent the 2-pyrazoline class, have changed (Nehraet. al.
2020). The structurally common feature of various drugs
used in the clinical treatment of many diseases is the
pyrazoline ring system (Fig.1) (Bhutani et. al. 2015; Kumar
et. al. 2009). Pyrazoline derivatives are used in the literature
as anticancer agents in the treatment of various types of
cancer (Amr et. al. 2018; Ahmed et. al. 2019; Chen et. al.
2018; Kim et. al. 2017; Li et. al. 2018; Moreno et. al. 2018;
Stefanes et. al. 2019; Xu et. al. 2017).

Pyrazoline derivatives, members of the heterocyclic
chemical class, are intriguing substances with a wide range
of biological profiles, potential applications as drugs, and
synthetic adaptability (Dipankar et. al. 2011). Many experts
in the realm of medicinal chemistry have researched the
pyrazoline template extensively in relation to various
diseases. Numerous biological actions, including
antifungal, anticancer, anti-inflammatory, antituberculosis,
antidepressant, antibacterial, cholinesterase, carbonic
anhydrase, and antimalarial properties, have been identified
for these compounds (Altintop et. al. 2013; Celik et. al.
2020; Kaplancikli et. al. 2010; Kharbanda et. al. 2014;
Monga et. al. 2014; Joshi et. al. 2016; Ozdemir et. al. 2010;
Wang et. al. 2013). In structure-activity studies on
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Cancer is a broad type of disease characterized by the
uncontrolled, rapid, and pathological proliferation of
abnormally transformed cells, and despite various
alternative treatment methods developed for the treatment
of this disease, cancer is still the second leading fatal disease
after cardiovascular diseases all over the world. Lack of
resistance and selectivity to chemotherapeutic agents are
very important factors in the fight against cancer.
Anticancer drugs used in the treatment of this disease
destroy not only cancer cells but also normal cells, and this
causes serious side effects. In order to prevent this situation,
the synthesis of new antineoplastic agents that selectively
destroy tumor cells or at least prevent their proliferation is
constantly being developed by researchers (Nepali. et al.
2014; Nussbaumer et. al. 2011; Mathur et. al. 2015; Rebucci
and Michiels 2013).

Theoretical calculations provide significant information on
many aspects of molecules in addition to measuring their
activity. Theoretical computations have become faster and
more accurate with the advancement of technology. It is
used to identify the active molecules, the portions of the
molecules with the highest electron densities, and the active
regions of the molecules using computations (Chalkha et.
al. 2023; Majumdar et. al. 2022). The study used Gaussian
calculations, B3LYP, HF, and MO06-2x (Becke 1992;
Hohenstein et. al. 2008; Vautherin and Brink 1972) methods
using the 6-31++g(d,p) basis set to examine the chemical
characteristics of the compounds. To contrast a molecule's
action with biological materials, molecular docking
calculations were conducted with breast cancer protein
(PDB ID: 1INX) (Williams et. al. 2001), liver cancer
protein (PDB ID: 3WZE) (Okamoto et. al. 2015), prostate-
specific membrane antigen (PDB ID: 6 XXP) (Rosenfeld et.
al. 2020), and colon cancer protein (PDB ID: 4UYA)
(Marusiak et. al. 2016). Finally, the compounds' ADME/T
calculations were performed, and their pharmacological
characteristics were investigated.

In this study, syntheses, structural characterization, and in
silico studies of methoxylated pyrazoline compounds
containing amine (Py1-NH2z and Py2-NHz), tosyl (Pyi-Ts
and Py2-Ts), and nitrile (Py1-CN and Py2-CN) groups were
searched. The activities of these compounds against cancer
proteins and their ADME properties were investigated. It
was determined that the Py1-NH2 compound showed higher
activity than the other synthesized compounds.
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2. Materials and Method

Every chemical that was utilized was of reagent-grade
quality. Purchased from Sigma-Aldrich, Merck, and Fluka,
phenylhydrazine, NaOH, p-tosyl chloride, potassium
carbonate, and 4-nitrophthalonitrile were used exactly as
directed. Purchased from Merck and Sigma Aldrich, the
utilized solvents were used exactly as supplied.

All reactions were carried out in an oxygen-free, dry
nitrogen environment using a Schlenk apparatus. The
Perkin Elmer 1600 FT-IR Spectrophotometer was used to
record infrared spectra. Chemical shifts were reported (9) in
the *H and 3C NMR spectra recorded on a Bruker Ascent
400 MHz NMR spectrometer CDCls, using MesSi
(tetramethylsilane) as an internal standard. A MALDI-TOF
spectrometer was used to measure the mass spectra. A
device known as an electrothermal was used to determine
the melting points.

2.1. Synthesis

2.1.1. Methoxylated pyrazoline derivatives bearing amine
group (Py1-NHz and Py2-NHz2)

Phenylhydrazine (0.54g, 5.0 mmol) was added to the
solution of the appropriate chalcone-derived amine
compounds (1.27g, 5.0 mmol) (Chlcn-1) or (1.42g, 5.0
mmol) (Chlcn-2) in absolute ethanol (15 mL) containing 1
g of NaOH. After heating the reaction mixture under reflux
for 6-10 hours while monitoring its progress with a TLC
analysis, it was allowed to cool to room temperature. The
crystalline substance that had separated was filtered, then
dried and cleaned with cold methanol. Hereby, the title
products (Pyi1-NH2 and Py2-NH2) were acquired as yellow
solids.

2.1.1.1. 2-(5-(2-methoxyphenyl)-1-phenyl-4,5-dihydro-
1H-pyrazol-3-yl)benzenamine (Py:1-NH2)

Yield: 81%. M.p: 137-139 °C. FT-IR (ATR), vmax (cm™:
3384-3291 (NH>), 3026 (ArC—H), 2939-2844 (C—H), 1615
(C=N), 1592 (C=C), 1492—1446 (N-N), 1385, 1324, 1294,
1157, 1103, 1029, 999, 878, 736, 689. *H NMR (400 MHz,
8, ppm, DMSO-de): 7.12-6.56 (m,13H, Ar-H), 5.52 (bs,1H,
pyrazoline-H), 3.93 (s, 3H, —OCHs), 3.93 (bs,1H,
pyrazoline-H), 3.08 (bs,1H, pyrazoline-H). APT NMR (100
MHz, §, ppm, DMSO-dg): N=C 156.9 (C), Ar—C [155.7 (C),
147.2 (C), 150.5 (pyrazoline-C), 144.2 (C), 143.8 (C), 129.1
(CH), 129.5 (CH), 126.4 (CH), 121.1 (CH), 118.6 (CH),
117.0 (C), 115.6 (CH), 115.5 (CH), 113.7 (C), 112.7 (CH),
111.9 (CH)], 56.3 (pyrazoline-C), 56.1 (—OCHas), 43.7
(pyrazoline-C). MS (MALDI-TOF) m/z:
Calculated:343.42; Found: 343.51 [M]".

2.1.1.2. 3-(5-(2,5-dimethoxyphenyl)-1-phenyl-4,5-
dihydro-1H-pyrazol-3-yl)benzenamine (Py2-NH>)

Yield: 78%. M.p: 174—176 °C. FT-IR (ATR), vmax (cm™):
3443-3361 (NHy), 3004 (ArC—H), 2933-2834 (C—H), 1618
(C=N), 1594 (C=C), 14951462 (N-N), 1396, 1333, 1260,
1130, 1044, 1000, 867, 744, 687 (C-S). 'H NMR (400
MHz, §, ppm, DMSO-ds): 6.45-7.18 (m,12H, Ar-H), 5.54
(bs,1H, pyrazoline-H), 3.86 (bs,1H, pyrazoline-H), 3.55 (s,
3H, —OCHas), 3.40 (s, 3H, —OCHzs), 2.92 (bs, 1H,
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pyrazoline-H). APT NMR (100 MHz, 8, ppm, DMSO-de):
N=C 1534 (C), Ar—C [150.4 (pyrazoline-C), 149.2(C),
148.7 (C), 144.8 (C), 134.8(C), 133.2(C), 130.9 (C), 129.6
(CH), 129.5 (CH), 118.7 (CH), 115.2 (CH), 114.3 (CH),
113.1 (CH), 112.9 (CH), 112.4 (CH), 111.1 (CH)], 57.9
(pyrazoline-C), 56.5 (-OCHs), 55.4 (-OCHas), 42.3
(pyrazoline-C). MS (MALDI-TOF) m/z: Calculated:
373.45; Found: 373.76 [M]*.

2.1.2. Methoxylated pyrazoline derivatives bearing tosyl
group (Py1-Ts and Py2-Ts)

Pyrazoline-derived amine compound (0.75g, 2.17 mmol)
(Py1-NH2) or (0.5g, 1.34 mmol) (Py2-NH2) was solved in
pyridine (20 mL), and p-tosyl chloride (0.46g, 2.39 mmol
for Py1-Ts) or (0.28g, 1.47 mmol for Py-Ts) dissolved in
pyridine (5 mL) was added dropwise in the reaction mixture
for about 1 hours. This mixture was continued at - 5-8 °C
with stirring for 17 hours. The orange-colored reaction
ingredients were added to crushed ice and acidified with
concentrated HCI acid. The precipitated products were
filtered, crystallized in ethanol, and dried in vacuo. Hereby,
the title products (Pyi-Ts and Py»-Ts) were acquired as
fawn-colored solids.

2.1.2.1. N-(2-(5-(2-methoxyphenyl)-1-phenyl-4,5-dihydro-
1H-pyrazol-3-yl)phenyl)-4-methyl benzene sulphonamide
(Py1-Ts)

Yield: 88%. M.p: 167-169 °C. FT-IR (ATR), vmax (cm™):
3383 (N-H), 3068 (ArC—H), 2946—2842 (C-H), 1612
(C=N), 1596 (C=C), 1497—-1462 (N-N), 1386, 1345—-1158
(SO, tosyl), 1042, 1000, 885, 744, 667 (C-S). *H NMR
(400 MHz, 8, ppm, CDCls): 7.94 (t, 2H, Ar-H), 7.73 (t, 1H,
Ar—H), 7.29-7.22 (m, 2H, Ar-H), 7.14 (d, 1H, Ar-H), 7.09
(d, 1H, Ar-H), 7.03 (d, 3H, Ar-H), 6.99 (s, 1H, Ar-H), 6.95
(d, 1H, Ar-H), 6.88-6.83 (m, 1H, Ar-H), 551 (t, 1H,
pyrazoline —CH), 3.95 (s, 1H, NH), 3.93 (s, 3H, —OCHp3),
3.82 (dd, 1H, pyrazoline —CH3), 3.01 (dd, 1H, pyrazoline —
CHy), 2.32 (s, 3H, ~CHs). C NMR (100 MHz, 8, ppm,
CDCls): 156.0, 148.2, 145.1, 143.6, 143.5, 141.5, 136.7,
136.4, 129.5, 128.9, 128.7, 128.4, 127.4, 126.9, 126.4,
123.9,123.2,120.9, 119.8, 113.1, 110.6, 57.2 (pyrazoline —
CH), 55.5 (-OCHg), 42.9 (pyrazoline CHy), 21.5 (—CHs).
MS (MALDI-TOF) m/z: Calculated:497.61; Found:497.45
[M]".

2.1.2.2. N-(3,4-dicyanophenyl)-N-(3-(5-(2,5-
dimethoxyphenyl)-1-phenyl-4,5-dihydro-1H-pyrazol-3-yl)
phenyl)-4-methylbenzenesulfonamide (Py2-Ts)

Yield: 83%. M.p: 157159 °C. FT-IR (ATR), vmax (cm™):
3384 (N-H), 3066 (ArC-H), 2949-2838 (C—H), 1660
(C=N), 1596 (C=C), 14971455 (N-N), 1386, 1345-1158
(SO, tosyl), 1077, 1000, 919, 885, 745, 667 (C-S). H
NMR (400 MHz, 6, ppm, CDCls): 7.72 (t, 2H, Ar—H), 7.58
(d, 1H, Ar—H), 7.33-7.22 (m, 2H, Ar-H), 7.14 (d, 1H, Ar-
H), 7.09 (d, 1H, Ar—H), 7.05-6.99 (m, 1H, Ar-H), 6.96 (s,
2H, Ar-H), 6.94 (s, 1H, Ar—H), 6.88-6.84 (m, 1H, Ar-H),
5.52 (t, 1H, pyrazoline —CH), 3.98 (s, 1H, NH), 3.93 (s, 6H,
—OCHs3), 3.83 (dd, 1H, pyrazoline —CHy), 3.01 (dd, 1H,
pyrazoline —CHy), 2.32 (s, 3H,—~CHjs). *C NMR (100 MHz,
3, ppm, CDCls): 156.0, 148.2, 143.6, 143.5, 136.7, 136.4,
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130.9, 129.5, 128.9, 128.8, 127.4, 127.2, 127.1, 126.4,
123.2, 122.9, 120.9, 119.8, 113.1, 111.4, 110.6, 57.2
(pyrazoline —CH), 55.5 (-OCHzs), 54.9 (—OCHa), 42.9
(pyrazoline CHy), 21.5 (-CH3). MS (MALDI-TOF) m/z:
Calculated:527.63; Found:527.67 [M]".

2.1.3. Methoxylated pyrazoline derivatives bearing nitrile
group (Py:1-CN and Py2-CN)

Py1-Ts compound (0.5g, 1.0 mmol) or Py.-Ts compound
(0.44g, 0.84 mmol) and 4-nitrophthalonitrile (0.17g, 1.0
mmol for Py:-CN) or (0.15g, 0.84 mmol for Py2-CN) were
solved in dry dimethylformamide (10 mL). Following
thawing, trace amounts of anhydrous K,CO; (0.41g, 3.0
mmol for Py:-CN) or (0.35g, 2.52 mmol for Py2-CN) were
added to the reaction mixture. After four days at 55 °C and
N> atmospheric pressure, the reaction mixture was
transferred to ice and filtered. Using silica gel and column
chromatography, the obtained solid product was purified.
Hereby, the title products (Pyi-CN and Py2-CN) were
acquired as fawn-colored solids.

2.1.3.1. N-(3,4-dicyanophenyl)-N-(2-(5-(2-
methoxyphenyl)-1-phenyl-4,5-dihydro-1H-pyrazol-3-yl)
phenyl)-4-methylbenzenesulfonamide (Py:-CN)

Yield: 48%. Column chromatography solvent: Chloroform.
FT-IR (ATR), vmax (cm™): 3073 (ArC-H), 29222836 (C-
H), 2233 (C=N), 1672 (C=N), 1595 (C=C), 1486—1463 (N-
N), 1388, 1338—1157 (SO, tosyl), 1090, 999, 881, 748, 691
(C-S). H NMR (400 MHz, &, ppm, CDCls): 7.96 (d, 2H,
Ar-H), 7.78 (d, 2H, Ar-H), 7.31-7.28 (m, 2H, Ar-H), 7.18
(d, 2H, Ar-H), 7.11 (d, 2H, Ar-H), 7.00 (d, 2H, Ar—H), 6.97
(s, 1H, Ar-H), 6.93 (d, 1H, Ar-H), 6.87-6.82 (m, 2H, Ar—
H), 5.50 (t, 1H, pyrazoline —-CH), 3.92 (s, 3H, —OCHg), 3.80
(dd, 1H, pyrazoline —CH>), 3.00 (dd, 1H, pyrazoline —CH>),
2.31 (s, 3H, —CHs). *C NMR (100 MHz, §, ppm, CDCls):
156.0, 148.2, 143.6, 143.5, 136.7, 136.4, 131.1, 130.9,
129.5, 129.4, 128.9, 128.7, 128.6, 128.4, 128.1, 127.7,
127.4, 126.4, 124.0, 123.2, 122.9, 121.2, 120.9, 120.8,
119.8 (C=N), 119.1 (C=N), 113.1, 111.4, 110.6, 107.2, 57.2
(pyrazoline —CH), 55.5 (-OCHg), (pyrazoline CHy), 21.5 (—
CHz3). MS (MALDI-TOF) m/z: Calculated: 623.72; Found:
646.61 [M+Na]*.

2.1.3.2. N-(3,4-dicyanophenyl)-N-(3-(5-(2,5-
dimethoxyphenyl)-1-phenyl-4,5-dihydro-1H-pyrazol-3-yl)
phenyl)-4-methylbenzenesulfonamide (Py2-CN)

Yield: 52%. Column chromatography solvent: Chloroform.
FT-IR (ATR), vmax (cm™): 3059 (ArC-H), 29222835 (C-
H), 2233 (C=N), 1660 (C=N), 1595 (C=C), 1493—1462 (N-
N), 1395, 1328-1158 (SO, tosyl), 1091, 999, 875, 747, 691
(C-S). *H NMR (400 MHz, §, ppm, CDCl3): 7.78 (t, 2H,
Ar—H), 7.62 (m, 2H, Ar—H), 7.47-7.39 (m, 2H, Ar-H), 7.12
(d, 1H, Ar—H), 7.07 (d, 2H, Ar—H), 7.05-6.98 (m, 2H, Ar—
H), 6.97 (s, 2H, Ar-H), 6.92 (s, 1H, Ar-H), 6.88-6.84 (m,
1H, Ar-H), 5.51 (t, 1H, pyrazoline —CH), 3.95 (s, 6H, —
OCHs), 3.85 (dd, 1H, pyrazoline —~CH,), 3.03 (dd, 1H,
pyrazoline —CHy), 2.30 (s, 3H,—~CHj3). *C NMR (100 MHz,
3, ppm, CDCls): 156.0, 148.3, 143.7, 143.5, 137.7, 136.4,
135.6, 134.7, 132.9, 130.9, 129.5, 129.2, 128.9, 128.1,
127.9, 127.4, 127.2, 127.1, 126.4, 123.2, 122.9, 121.6,
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120.9, 120.8, 119.8 (C=N), 119.1 (C=N), 113.1, 111.4,
110.6, 57.2 (pyrazoline —CH), 55.5 (-OCHs), 54.9 (-
OCHz), 42.9 (pyrazoline CHy), 21.5 (-CH3). MS (MALDI-
TOF) m/z: Calculated: 653.75; Found: 676.67 [M+Na]*.

2.2. Theoretical methods

Theoretical computations can teach us a great deal about the
chemical and biological properties of molecules. Many
properties of quantum chemicals are determined by
theoretical calculations (Tas et. al. 2022). The chemical
behavior of the molecules is explained by the estimated
parameters. Numerous programs are used to calculate
molecules. Gaussian09 RevD.01 and GaussView 6.0
(Dennington et. al. 2016; Frisch et. al. 2009) are the
programs in question. These programs were used to do
calculations utilizing the 6-31++g(d,p) basis set using the
B3LYP, HF, and M06-2x (Becke 1992), (Hohenstein et. al.
2008), (Vautherin and Brink 1972) methods. The outcome
of these efforts has been the discovery of numerous
quantum chemical parameters. The estimated parameters
are calculated as follows, where each parameter describes a
different chemical characteristic of molecules (Lakhrissi et.
al. 2022; Majumdar et. al. 2022).

_ <6E) _
X Ny

(o)
n=-\{35z2
ON? o)

oc=1/n w=x?/2n e=1/w

Molecular docking calculations are performed to compare
the biological activity of a molecule to that of a biological
substance. Schrodinger's Maestro Molecular Modeling
Platform (version 12.8a) was used to do the molecular
docking computations (Schrédinger 2021-3; 2021). There
are several steps involved in computation. Each step is
completed in a different way. In the first phase, proteins
were prepared using the protein preparation module
(Schrodinger 2019-4; 2016; 2019). In this module, the
protein active sites were found. After then, computations
using optimized structures can be performed with the
LigPrep module (Schrédinger 2021-3; 2021). Following
preparation, the Glide ligand docking module was used to
examine the interactions between the compounds and the
cancer protein (Tiiziin et. al. 2022). Every calculation was
carried out with the OPLS4 technique. To evaluate the
chemicals under investigation's pharmacological potential,
an ADME/T (absorption, distribution, metabolism,
excretion, and toxicity) study was conducted. The Qik-prop
module of the Schrédinger software (Schrodinger 2021-3;
2021) was used to predict the results and interactions of
molecules involved in human metabolism.

3. Results and Discussion

1
-(I+4)=

1
2 > (Enomo + ErLumo)

1 1
= E(I —4) = -3 (Egomo — ELumo)

3.1. Characterizations of synthesized all compounds

General synthesis schemes of methoxylated pyrazoline
derivatives bearing amine (Py:-NH:z and Py2-NH2), tosyl
(Py1-Ts and Py»-Ts), and nitrile (Py:1-CN and Py2-CN)
groups are given in Schemes 1 and 2.
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Scheme 1. Synthesis scheme of methoxylated pyrazoline
derivatives bearing amine (Pyi-NHz), tosyl (Pyi-Ts), and nitrile
(Py1-CN) groups.
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Scheme 2. Synthesis scheme of methoxylated pyrazoline
derivatives bearing amine (Py2-NHz2), tosyl (Py2-Ts), and nitrile
(Py2-CN) groups.
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These compounds' structural characterizations were carried
out with the use of mass, FT-IR, and NMR spectrum data.
Attained methoxylated pyrazoline derivatives bearing
amine (Py:-NH2 and Py2>-NH:) groups have characteristic
groups of NH, (amine), C=N (due to ring closure), and N—
N (proves the formation of a pyrazoline ring). NH:
stretching vibration was seen at 3384-3291 cm™ (for Py:-
NH2) and 3443-3361 cm™ (for Py2-NH2), C=N stretching
vibration was seen at 1615 cm™ (for Py1-NH2) and 1618 cm-
! (for Py2-NH2), and N-N stretching vibration was seen at
1492—1446 cm™ (for Py1-NH2) and 1495-1462 cm™ (for
Py>-NHz) in the FT-IR spectra. NMR spectra of
methoxylated pyrazoline derivatives bearing amine (Py:-
NH2 and Py2-NH2) groups were recorded in DMSO-ds
(Fig.2). The mass spectra of Py1-NH2 and Py2-NH2 showed
two distinct molecular ion peaks, located at m/z: 343.51
[M]* and 373.76 [M]*, respectively (Fig. 3). The data
obtained proves the formation of methoxylated pyrazoline
derivatives bearing an amine group.
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Fig. 2. Mass spectra of pyrazoline derivatives bearing the amine
(Py1/Py2-NH3) group.

Obtained methoxylated pyrazoline derivatives bearing tosyl
(Py1-Ts and Py2-Ts) group have characteristic groups as
N-H, C=N (due to ring closure), N-N (proves the formation
of pyrazoline ring), and SO (tosyl). The FT-IR spectra
showed the following: N-H stretching vibration was
observed at 3383 cm! (for Py:-Ts) and 3384 cm! (for Py2-
Ts); C=N stretching vibration was observed at 1612 cm™
(for Py1-Ts) and 1660 cm™ (for Py.-Ts); N-N stretching
vibration was observed at 1497-1462 cm™ (for Py1-Ts) and
1497-1455 cm™ (for Py2-Ts); and SO, (tosyl) stretching
vibration was observed at 1345-1158 c¢cm™ (for Pyi/Py2-
Ts). Methoxylated pyrazoline derivatives with tosyl groups
(Py1-Ts and Py2-Ts) were recorded in CDCI; and their
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NMR spectra were obtained. Doublet of doublet (dd)
characteristic peaks were observed in the 'H NMR spectra
at 3.82 and 3.01 ppm (for Py1-Ts), and 3.83 ppm and 3.01
ppm (for Py2-Ts). Additionally, for Py:-Ts and Py-Ts,
aromatic protons were detected at 7.94-6.83 ppm and 7.72—
6.84 ppm, respectively. The molecular ion peak for Py:-Ts
and Py»-Ts, respectively, were found in the mass spectra at
m/z: 497.45 [M]* and 527.67 [M]*, as shown in Figure 4.
The information gathered demonstrates the creation of
derivatives of methoxylated pyrazolines with a tosyl group.
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Fig. 2. 3C NMR and *H NMR spectra of pyrazoline derivatives
bearing the tosyl (Py1/Py2-Ts) group.

The distinctive groups of methylated pyrazoline derivatives
with nitrile groups (Py1-CN and Py2-CN) are C=N (nitrile),
C=N (because of ring closure), N-N (shows that the
pyrazoline ring is formed), and SO, (tosyl). In the FT-IR
spectra, several stretching vibrations were observed: C=N
was observed at 2233 cm™ (for Pyi/Py>-CN), C=N was
observed at 1672 cm (for Py:-CN) and 1660 cm* (for Py2-
CN), N-N was observed at 1486—1463 cm™ (for Pyi-CN)
and 1493-1462 cm™ (for Py>-CN), and SO, (tosyl) was
observed at 1338—1157 cm™ (for Py:-CN) and 1328—1158
cm? (for Py.-CN). Methoxylated pyrazoline derivatives
(Py1-CN and Py2-CN) with nitrile groups recorded their
NMR spectra in CDCls. A molecular ion peak for Py1-CN
and Py2-CN, respectively, was seen in the mass spectra at
m/z: 646.61 [M+Na]* and 676.67 [M+Na]*, respectively.
The information gathered demonstrates the creation of
derivatives of methoxylated pyrazolines with a nitrile

group.
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Fig. 4. Mass spectra of pyrazoline derivatives bearing the tosyl
(Py1/Py2-Ts) group.

3.2. Theoretical calculations

One popular technique for comparing the activity of
molecules is to perform theoretical calculations. This
approach provides significant insights into the molecular
features that are both chemical and biological. For this data,
numerous parameters are determined (Majumdar et. al.
2022). A distinct piece of information about the molecule is
provided by each parameter. The Gaussian software
program is used to calculate a number of quantum chemical
parameters, the numerical values of which are utilized to
explain the behaviors of molecules. The HOMO and LUMO
parameters are more significant than the other estimated
values for the molecules. The molecule with the greatest
HOMO parameter numerical value is assumed to have
higher activity than the other molecules since it can donate
electrons more readily than the others (Majumdar et. al.
2022). LUMO is an additional parameter. It is believed that
the molecule with the lowest numerical expression of this
characteristic has a higher activity than the other molecules
because it can acquire electrons more readily than the other
molecules (Lakhrissi et. al. 2022). The AE energy gap is the
next parameter, and for highly active molecules, its
numerical expression is the smallest. The electronegativity
value reveals how well-suited the molecules' atoms are to
luring bind electrons (Majumdar. et al. 2022). More
electrons are drawn to molecules with higher
electronegativity. The activity in this instance declines.
Gaussian calculations yielded numerous parameters, which
are included in Table 1.

When the HOMO energy values in this table are examined,
it is seen that Pyi-NH: has higher activity than other
molecules as a result of the calculations made in the B3LYP
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and M062X methods. Another parameter is the LUMO
parameter; according to this parameter, Py1-CN was found
to have higher activity than other molecules. Another
important parameter used to compare the activities of
molecules is electronegativity, which has a lower
electronegativity for Py>-NH.. For this reason, it is seen that
its activity is higher since it will interact by giving electrons
more easily (Fig. 5).
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Fig. 5. Representations of molecules' ESP, HOMO, LUMO, and
optimal structures.

Gaussian calculations are essential to elucidate the chemical
properties of molecules. To further evaluate the biological
activity of these molecules, another important calculation is
required: molecular docking. Molecular docking studies
evaluate the interactions between molecules and biological
targets, usually proteins associated with human cancer cells.



H Yalazan et al.

This approach provides a detailed insight into how the
molecule under study interacts with cancer cell proteins.
The interactions include various forces such as chemical
bonding, hydrogen bonding, polar and hydrophobic
contacts, as well as n-m and halogen interactions (Celik et
al., 2023; Tapera et al., 2022). Figures 6-9 show these
molecular interactions in detail.
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Fig. 6. Presentation interactions of Py:-NH2 with Breast cancer

As a result of the docking calculations, when the
interactions that occur between molecules and proteins are
examined, in Figure 6, when the interactions that occur
between Py:-NH:2 and Breast cancer are examined, it is seen
that there is a salt bridge interaction between the nitrogen
atom in the pyrazole ring of the Py:-NH2 molecule and the
GLU 1698 protein. In addition, it is seen that the nitrogen
and hydrogen atom in the aniline ring of the Py:-NH:
molecule make hydrogen bonds with the GLU 1698 protein.
When the interactions between Pyi:-NH: and Prostate
cancer are examined in figure 7, it is seen that there is a
hydrogen bond interaction between the nitrogen atom in the
pyrazole ring and the TRP 114 protein. When the
interactions between Pyi-NH: and Colon cancer are
examined in figure 8, it is seen that there is a salt bridge
interaction between the nitrogen atom in the pyrazole ring
of the Py:-NH2 molecule and the GLU 885 and ASP 1046
proteins. In addition, it is seen that there is a salt bridge
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interaction between the nitrogen atom in the aniline ring
attached to the central ring of the Py:-NHz molecule and the
GLU 885 and ASP 1046 proteins. When the interactions
between Py2-Ts and Liver cancer are examined in Figure 9,
it is seen that a m-7 interaction occurs between the benzene
ring attached to the pyrazole ring in the Py2-Ts molecule
and the PHE 135 protein. It is seen that a m-n interaction
occurs between the toluene ring in the Py2-Ts molecule and
the TRP 296 protein. It is seen that the nitrogen atom
attached to the sulfur dioxide group in the Py2-Ts molecule
forms a salt bridge with the Mg1440 and Mg 1439 atoms.
The results obtained from the calculations made are given
in Table 2. The most important of these parameters is the
Docking Score parameter, which gives the numerical value
of the chemical interactions between molecules and
proteins. It is assumed that the molecule with the greatest
negative numerical value of this parameter has more
chemical interactions since its activity is greater than that of
other molecules (Celik et. al. 2023). It should be common
knowledge that when the molecule and protein interact
more, the docking score parameter rises and therefore does
the molecule’s activity.
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Fig. 7. Presentation interactions of Py:-NH2with Prostate cancer
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Glide ligand efficiency, glide hbond, glide evdw, and glide
ecoul are additional factors in the docking computations that
provide a numerical value for the chemical interactions
between chemicals and proteins (Celik et. al. 2023).
Additional determined parameters include a pose resulting
from the interaction of molecules with proteins; Glide
emodel, Glide energy, Glide internal, and Glide posenum
are the essential factors that provide numerical values for
this pose (Tiiziin et. al. 2022).

Comparing the activities of the studied molecules with
molecular docking calculations is not sufficient by itself for
the molecules to be used in human metabolism. Even if the
molecules have high activity against cancer proteins, it does
not allow us to comment on how they will act in human
metabolism. For this, it is necessary to examine the ADME
properties of molecules (Table 3).

As a result of this theoretical analysis, many parameters
were obtained and these parameters are given in Table 3.
The first parameter among these parameters is Solute
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Molecular Weight, which requires the molecule to have a
certain molecular weight.
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Fig. 9. Presentation interactions of Py2-Ts with Liver cancer

Another parameter is PISA, which is also called Solute
Total SASA. This parameter is @ (carbon and attached
hydrogen) component of the SASA. Another parameter is
QP Polarizability, which is the parameter that predicted
polarizability in cubic angstroms.

Another important parameter is QPlogHERG, which is the
numerical value of the estimated 1Cso value when the HERG
K channels are blocked. The next parameter is QPPCaco,
which is the Caco-2 cell permeability in the intestinal-blood
barrier for inactive transport. Another parameter is
QPlogBB, which is the brain-blood barrier coefficient of an
orally administered drug. The next parameter is Human
Oral Absorption, which predicts qualitative human oral
absorption: 1, 2, or 3 for low, medium, or high.

It enables the examination of many properties of molecules,
such as absorption by human metabolism, movements, and
excretion by human metabolism. In ADME analysis, many
biological and chemical properties of molecules are
examined. At the beginning of these, many properties of
molecules, such as molecular masses, dipole moments,
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Table 1. The calculated quantum chemical parameters of molecules.

Eurasian J Bio Chem Sci, 7(2):111-124, 2024

Enomo ELumo I A AE n n % Pi [0 € dipol Energy
B3LYP/6-31++g(d,p)LEVEL
Py1-NH: -5.8091  -4.9650 5.8091 4.9650 0.8441 0.4221 2.3694 53871 -53871 34.3804 0.0291 4.0298 -29665.2437
Py1-Ts -5.2654  -1.5663 5.2654 1.5663 3.6991 1.8496 0.5407 3.4159 -3.4159 3.1543 0.3170 4.4593 -51947.6386
Py1-CN -3.7283  -2.3644 3.7283 2.3644 1.3638 0.6819 1.4664 3.0463 -3.0463 6.8044 0.1470 49789 -63236.1369
Py2-NH: -3.8951  -1.2828 3.8951 1.2828 2.6123 1.3062 0.7656 2.5889 -2.5889 2.5657 0.3898 44165 -32764.1339
Py2-Ts -3.9715  -1.5037 3.9715 1.5037 2.4678 1.2339 0.8104 2.7376 -2.7376 3.0369 0.3293 7.1815 -55046.4392
Py2-CN -4.1481  -2.4436 4.1481 2.4436 1.7045 0.8523 1.1733 3.2959 -3.2959 6.3729 0.1569 47346 -66352.1260
HF/6-31++g(d,p)LEVEL
Py1-NH:2 -7.4274 0.9878 7.4274 -0.9878 8.4152  4.2076  0.2377 3.2198  -3.2198 1.2320 0.8117 2.5881 -29475.6565
Pyi-Ts -7.5888 0.8958 7.5888 -0.8958 8.4846  4.2423  0.2357 3.3465  -3.3465 1.3199 0.7576 4.2304 -51670.7547
Py1-CN -7.7254 0.7908 7.7254 -0.7908 8.5161  4.2581 0.2348 3.4673  -3.4673 1.4117 0.7084 8.7016 -62907.1335
Py2-NH> -6.8571 0.9521 6.8571 -0.9521 7.8092  3.9046 0.2561 2.9525  -2.9525 1.1163 0.8959 4.8993 -32557.4449
Py2-Ts -6.9428 0.9236 6.9428 -0.9236 7.8663  3.9332 0.2542 3.0096  -3.0096 1.1515 0.8685 7.6145 -54752.4914
Py2-CN -6.9373 0.6667 6.9373 -0.6667 7.6040  3.8020 0.2630 3.1353  -3.1353 1.2928 0.7735 5.3347 -65989.6125
MO62X/6-31++g(d,p)LEVEL
Py1-NH: -6.2842  -0.2267 6.2842 0.2267 6.0576 3.0288 0.3302 3.2555 -3.2555 1.7495 0.5716 2.9974  -29652.5460
Py1-Ts -6.5468  -0.6248 6.5468 0.6248 5.9221 2.9610 0.3377 3.5858 -3.5858 2.1712 0.4606 4.0107 -51929.3708
Py1-CN -6.8426  -1.4836 6.8426 1.4836 5.3591 2.6795 0.3732 4.1631 -4.1631 3.2340 0.3092 8.3285 -63230.9218
Py2-NH: -4.8107  -0.4150 4.8107 0.4150 4.3958 2.1979 0.4550 2.6129 -2.6129 15531 0.6439 25039 -32749.9429
Py>-Ts -4.9604  -0.6280 4.9604 0.6280 4.3324 2.1662 0.4616 2.7942 -2.7942 1.8022 0.5549 7.0935 -55026.5510
Py2-CN -6.8426  -1.4836 6.8426 1.4836 5.3591 2.6795 0.3732 4.1631 -4.1631 3.2340 0.3092 8.3285 -63230.9217
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Table 2. The docking parameters of molecules against enzymes are expressed numerically

Docking Glide ligand Glide Glideevdw  Glide ecoul Glide Glide Glide Glide
1INX Score efficiency hbond emodel energy einternal posenum
Py1-NH2 -4.29 -0.17 -0.40 -22.00 -12.02 -44.32 -34.02 3.03 45
Py1-Ts -3.76 -0.10 -0.16 -26.68 -14.01 -50.70 -40.69 4.54 6
Py1-CN -2.79 -0.06 0.00 -38.94 -1.57 -44.44 -40.51 1.03 216
Py2-NH2 -3.54 -0.13 -0.55 -26.10 -4.58 -36.01 -30.68 3.89 44
Py2-Ts -2.76 -0.07 -0.32 -32.78 -4.13 -43.74 -36.91 0.96 343
Py2-CN -3.33 -0.07 -0.27 -32.77 -6.95 -47.39 -39.72 2.04 180
Docking Glide ligand Glide Glide evdw  Glide ecoul Glide Glide Glide Glide
6XXP Score efficiency hbond emodel energy einternal posenum
Py1-NH2 -4.79 -0.18 0.00 -27.49 -8.00 -45.23 -35.49 2.79 67
Py1-Ts -3.54 -0.10 0.00 -31.76 -7.42 -46.22 -39.18 3.97 337
Py1-CN -1.39 -0.03 0.00 -28.20 -0.52 -27.26 -28.72 4.45 262
Py2-NH2 - - - - - - - - -
Py2-Ts -2.67 -0.07 -0.50 -25.17 -8.38 -37.48 -33.54 211 174
Py2-CN -2.56 -0.05 0.00 -29.58 -6.42 -38.58 -36.00 2.53 366
Docking Glide ligand Glide Glide evdw  Glide ecoul Glide Glide Glide Glide
3WZE Score efficiency hbond emodel energy einternal posenum
Py1-NH2 -6.08 -0.23 -0.01 -36.39 -5.32 -61.46 -41.71 0.76 234
Py1-Ts -5.57 -0.15 -0.16 -33.54 -3.67 -45.73 -37.22 5.17 47
Py1-CN -4.20 -0.09 0.00 -17.32 0.73 -31.08 -16.59 19.02 86
Py2-NH2 -6.01 -0.21 -0.27 -41.31 -1.96 -56.10 -43.27 8.06 295
Py2-Ts -4.15 -0.11 0.00 -51.45 0.76 -56.45 -50.69 8.25 49
Py2-CN - - - - - - - - -
Docking Glide ligand Glide Glide evdw  Glide ecoul Glide Glide Glide Glide
4UYA Score efficiency hbond emodel energy einternal posenum
Py1-NH2 -4.60 -0.18 0.00 -28.94 -0.60 -34.29 -29.54 1.35 393
Py1-Ts -5.38 -0.15 0.00 -46.10 -1.61 -51.33 -47.71 11.66 89
Py1-CN -5.97 -0.13 -0.32 -52.32 -3.70 -73.12 -56.01 9.78 124
Py2-NH2 -5.63 -0.20 -0.32 -37.81 -4.28 -54.55 -42.09 4.66 359
Py2-Ts -7.94 -0.21 -0.16 -44.83 -14.87 -112.10 -59.70 5.20 68
Py2-CN -5.50 -0.11 -0.06 -47.84 -5.30 -68.06 -53.14 14.93 279
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Table 3. ADME properties of molecule

Py1-NH:2 Pyi-Ts P1y-CN Py2-NH2 Py2-Ts Py2-CN Referance Range
mol_MW 343 343 343 343 343 343 130-725
dipole (D) 3.0 7.4 10.6 5.3 8.0 4.7 1.0-12.5
SASA 632 759 871 671 883 1051 300-1000
FOSA 100 198 135 211 298 332 0-750
FISA 44 74 170 68 80 196 7-330
PISA 487 486 567 392 505 522 0-450
WPSA 0.0 0.0 0.5 0.0 0.4 0.6 0-175
volume (A%) 1129 1468 1776 1215 1621 1970 500-2000
donorHB 15 1 0 15 1 0 0-6
accptHB 2.75 6.25 9.25 35 7 10 2.0-20.0
glob (Sphere =1) 0.8 0.8 0.8 0.8 0.8 0.7 0.75-0.95
QPpolrz (A3) 424 54.7 65.8 44.3 60.3 725 13.0-70.0
QPlogPC16 12.8 16.0 19.7 13.1 17.9 22.3 4.0-18.0
QPlogPoct 17.8 23.9 28.9 19.0 26.0 30.5 8.0-35.0
QPlogPw 9.3 12.1 14.4 9.4 13.1 15.2 4.0-45.0
QPlogPo/w 5.4 5.9 5.9 53 6.6 6.5 -2.0-6.5
QPlogs -6.4 -7.1 -1.7 -6.6 -8.9 -10.6 -6.5-0.5
CIQPlogS -6.3 -8.5 -11.0 -6.6 -8.8 -11.3 -6.5-0.5
QPlogHERG -6.6 -6.7 -7.2 -6.3 -7.9 -8.5 *
QPPCaco (nm/sec) 3757 1966 245 2256 1744 137 falad
QPlogBB 0.0 -0.4 -1.6 -0.3 -0.7 -2.4 -3.0-1.2
QPPMDCK (nm/sec) 2068 1028 109 1192 907 58 *x
QPlogKp -0.4 -0.8 -2.0 -1.1 -0.7 -2.5 Kp in cm/hr
IP (ev) 85 8.9 8.5 8.1 8.1 7.1 7.9-10.5
EA (eV) -0.2 0.6 1.0 0.1 0.6 1.3 -0.9-1.7
#metab 6 6 6 7 7 7 1-8
QPlogKhsa 1.0 1.2 1.0 11 1.4 1.3 -1.5-15
Human Oral Absorption 1 1 1 1 1 1 -
Percent Human Oral Absorption. 100 100 78.133 100 100 78 faleie
PSA 45 74 99 54 76 112 7-200
RuleOfFive 1 1 2 1 2 2 Maximum is 4
RuleOfThree 1 1 1 2 2 2 Maximum is 3
Jm 0.1 0.0 0.0 0.0 0.0 0.0 -

*corcern below -5, **<25 is poor and >500 is great, *** <25% is poor and >80% is high.
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volume, and the number of hydrogen bonds occurring
between a molecule and a protein, are considered chemical
properties (Tiiziin et. al. 2022). In addition, many biological
properties of molecules, such as blood-intestinal barrier and
blood-brain barrier transitions in human metabolism,
absorption by the skin, and orally usable properties, were
investigated. In addition to these properties, the numerical
values of the molecules RuleOfFive (Lipinski 2004),
(Lipinski et. al. 1997), violations of Lipinski's rule of five,
and RuleOfThree (Jorgensen and Duffy 2002), violations of
Jorgensen's rule of three, are checked. The numerical value
of these two parameters is expected to be zero, but within
the desired confidence interval. On the other hand, the
numerical values of the QPPCaco (nm/sec) and QPPMDCK
(nm/sec) parameters were found to be quite high for some
molecules. For this reason, it is thought that it may be a drug
for different regions of human metabolism.

5. Conclusion

In the present study, in silico studies of synthesized
methoxylated pyrazoline derivatives bearing amine (Pyi-
NH: and Py2-NH3), tosyl (Py:-Ts and Py2-Ts), and nitrile
(Py1-CN and Py>-CN) groups were researched. The
activities of the molecules were compared as a result of the
theoretical calculations. The Pyi1-NH2 molecule was shown
to be usually more active than other compounds in the
Gaussian calculations. But when the compounds' actions
against cancer proteins were investigated following the
molecular docking computations, it was found that, overall,
the Py:1-NH2 molecule had more activity than the others. As
a result of the calculations, the activities of the molecules
were compared with the docking calculations. As a result of
the calculations, the activities of the molecules were
compared with the docking calculations. The Py:-NH:
molecule was generally the most active molecule. It was
observed that the Py1-NH2 molecule had the highest activity
against the LJNX protein with a docking score value of -
4.29, the Py:-NH2 molecule had the highest activity against
the 6XXP protein with a docking score value of -4.79, and
the Py1-NH2 molecule had the highest activity against the
3WZE protein with a docking score value of -6.08. In
addition, the Py2-Ts molecule had the highest activity
against the 4UYA protein with a docking score value of -
7.94. After a thorough analysis of the compounds'
interactions with cancer proteins, the molecules’ ADME
characteristics were investigated. This investigation
revealed that employing the compounds as medications for
human metabolism would not be harmful.

Acknowledgements

The numerical calculations reported in this paper were
fully/partially performed at TUBITAK ULAKBIM, High
Performance and Grid Computing Center (TRUBA
resources). This work was supported by the Scientific
Research Project Fund of Sivas Cumhuriyet University
(CUBAP) under the project number RGD-020.

122

Eurasian J Bio Chem Sci, 7(2):111-124, 2024

Authors’ contributions:

HY: Conceptualization, Validation, Methodology,
Investigation, Writing-Original Draft, Writing-
Review&Editing, Visualization.

DK:  Conceptualization, Validation, = Methodology,
Investigation.

SF:  Conceptualization,  Validation, = Methodology,
Investigation.

BT: Funding acquisition, Methodology, Resources,

Validation, Visualization, Writing-Original Draft,Writing-
Review&Editing.

HK: Funding acquisition, Methodology, Resources,
Validation, Visualization, Writing-Review&Editing.

Conflict of interest disclosure:

The authors declare no conflict of interest.

References

Ahmed NM, Youns M, Soltan MK, Said AM. 2019. Design,
synthesis, molecular modelling, and biological evaluation of
novel substituted pyrimidine derivatives as potential
anticancer agents for hepatocellular carcinoma. J Enzym Inhib
Med Chem. 34:1110-1120.

Altintop MD, Ozdemir A, Kaplancikli ZA, Turan-Zitouni G,
Temel HE, Ciftci GA. 2013. Synthesis and biological
evaluation of some pyrazoline derivatives bearing a
dithiocarbamate moiety as new cholinesterase inhibitors. Arch
Pharmazie. 346: 189—-199.

Amr AEGE, EI-Naggar M, Al-Omar MA, Elsayed EA, Abdalla
MM. 2018. In vitro and in vivo anti-breast cancer activities of
some synthesized pyrazolinylestran-17-one candidates.
Molecules. 23:1572.

Becke AD. 1992. Density-functional thermochemistry. 1. The
effect of the exchange-only gradient correction. J Chem Phys.
96(3):2155-2160.

Bhutani R, Pathak DP, Husain A, Kapoor G, Kant R. 2015. A
review on recent development of pyrazoline as a
pharmocologically active molecule, Int J Pharma Sci Res. 6:
4113-4128.

Chalkha M, el Hassani AA, Nakkabi A, Tiiziin B, Bakhouch M,
Benjelloun AT, Sfaira M, Saadi M, EI Ammari L, El Yazidi
M. 2023. Crystal structure, Hirshfeld surface and DFT
computations, along with molecular docking investigations of
a new pyrazole as a tyrosine kinase inhibitér. J Mol Struct.
1273:134255.

Chen V, Zhang YL, Fan J, Ma X, Qin YJ, Zhu HL. 2018. Novel
nicotinoyl pyrazoline derivates bearing N-methyl indole
moiety as antitumour agents: design, synthesis and evaluation,
Eur J Med Chem. 156:722—737.

Celik G, Arslan T, Sentiirk M, Ekinci D. 2020. Synthesis and
characterization of some new pyrazolines and their inhibitory
potencies against carbonic anhydrases. Arch Pharmazie.
353:1900292.

Celik MS, Cetinus SA, Yenidiinya AF, Cetinkaya S, Tiiziin B.
2023. Biosorption of Rhodamine B dye from aqueous solution
by Rhus coriaria L. plant: Equilibrium, Kinetic,
thermodynamic and DFT calculations. J Mol Struct.
1272:134158.



H Yalazan et al.

Dennington R, Keith TA, Millam JM. 2016. GaussView 6.0. 16.
Semichem Inc.: Shawnee Mission, KS, USA.

Dipankar B, Hirakmoy C, Asish B, Abhijit C. 2011. 2-pyrazoline:
a pharmacologically active moiety. Int Res J Pharmaceut Appl
Sci. 1:68—-80.

Frisch MJ, Trucks GW, Schlegel HB, Scuseria GE, Robb MA,
Cheeseman JR, Scalmani G, Barone V, Mennucci B, Petersson
GA, Nakatsuji H, Caricato M, Li X, Hratchian HP, Izmaylov
AF, Bloino J, Zheng G, Sonnenberg JL, Hada M, Ehara M,
Toyota K, Fukuda R, Hasegawa J, Ishida M, Nakajima T,
Honda Y, Kitao O, Nakai H, Vreven T, Montgomery JA,
Peralta JE, Ogliaro F, Bearpark M, Heyd JJ, Brothers E, Kudin
KN, Staroverov VN, Kobayashi R, Normand J, Raghavachari
K, Raghavachari AR, Burant JC, lyengar SS, Tomasi J, Cossi
M, Rega N, Millam JM, Klene M, Knox JE, Cross JB, Bakken
V, Adamo C, Jaramillo J, Gomperts R, Stratmann RE, Yazyev
0, Austin AJ, Cammi R, Pomelli C, Ochterski JW, Martin RL,
Morokuma K, Zakrzewski VG, Voth GA, Salvador P,
Dannenberg JJ, Dapprich S, Daniels AD, Farkas O, Foresman
JB, Ortiz JV, Cioslowski J, Fox DJ. 2009. Gaussian 09,
revision D.01. Gaussian Inc, Wallingford CT.

Hohenstein EG, Chill ST, Sherrill CD. 2008. Assessment of the
performance of the MO05— 2X and MO06—2X exchange-
correlation functionals for noncovalent interactions in
biomolecules. J Chem Theory Comput. 4(12):1996-2000.

Wang HH, Qiu KM, Cui HE, Yang YS, Luo Y, Xing M, Qiu XY,
Bai L.F., Zhu H.L. 2013. Synthesis, molecular docking and
evaluation of thiazolyl-pyrazoline derivatives containing
benzodioxole as potential anticancer agents. Bioorg Med
Chem. 21:448-455.

Kharbanda C, Alam MS, Hamid H, Javed K, Bano S, Dhulap A,
Ali Y, Nazreen S., Haider S. 2014. Synthesis and evaluation
of pyrazolines bearing benzothiazole as anti-inflammatory
agents. Bioorg Med Chem. 22: 5804—5812.

Jorgensen WJ, Duffy EM. 2002. Prediction of drug solubility from
structure. Adv Drug Deliv Rev. 54(3):355-366.

Joshi SD, Dixit SR, Kirankumar MN, Aminabhavi TM, Raju
KVSN, Narayan R, Lherbet C, Yang KS. 2016. Synthesis,
antimycobacterial screening and ligand-based molecular
docking studies on novel pyrrole derivatives bearing
pyrazoline, isoxazole and phenyl thiourea moieties. Eur J Med
Chem. 107:133-152.

Kaplancikli ZA, Ozdemir A, Turan-Zitouni G, Altintop MD, Can
DO. 2010. New pyrazoline derivatives and their antidepressant
activity. Eur J Med Chem. 45: 4383—4387.

Kim BS, Shin SY, Ahn S, Koh D, Lee YH, Lim Y. 2017.
Biological evaluation of 2- pyrazolinyl-1-carbothioamide
derivatives against HCT116 human colorectal cancer cell lines
and elucidation on QSAR and molecular binding modes.
Bioorg Med Chem. 25: 5423-5432.

Kumar S, Bawa S, Drabu S, Kumar R, Gupta H. 2009. Biological
activities of pyrazoline derivatives -A recent development.
Recent Pat Anti-Infect Drug Discov. 4:154—163.

Lakhrissi Y, Rbaa M, Tuzun B, Hichar A, Ounine K, Almalki F,
Hadda TB, Zarrouk A, Lakhrissi B. 2022. Synthesis, structural
confirmation, antibacterial properties and bio-informatics
computational analyses of new pyrrole based on 8-
hydroxyquinoline. J Mol Struct. 1259:132683.

Li HL, Su MM, Xu YJ, Xu C, Yang YS, Zhu HL. 2018. Design
and biological evaluation of novel triaryl pyrazoline
derivatives with dioxane moiety for selective BRAFV600E
inhibition. Eur J Med Chem. 155: 725-735.

Lipinski CA. 2004. Lead-and drug-like compounds: the rule-of-
five revolution Drug Discovery Today: Technologies, 1(4):
337-341.

Lipinski CA, Lombardo F, Dominy BW, Feeney PJ. 1997.
Experimental and computational approaches to estimate

123

Eurasian J Bio Chem Sci, 7(2):111-124, 2024

solubility and permeability in drug discovery and development
settings. Adv Drug Deliv. Rev. 23:3-25.

Majumdar D, Philip JE, Tiiziin B, Frontera A, Gomila RM, Roy S,
Bankura K. 2022. Unravelling the Synthetic Mimic,
Spectroscopic  Insights, and  Supramolecular  Crystal
Engineering of an Innovative Heteronuclear Pb (Il)-Salen
Cocrystal: An Integrated DFT, QTAIM/NCI Plot, NLO,
Molecular Docking/PLIP, and Antibacterial Appraisal. J Inorg
Organomet Polym Mater. 1-20.

Majumdar D, Philip JE, Roy S, Tiiziin B. 2022. Reinvigorate the
synthesis, spectroscopic  findings, SEM morphology
investigation, and antimicrobial silhouette of contemporary
Salen ligands: A comprehensive DFT landscape. Results
Chem. 4:100574.

Mathur G, Nain S, Sharma PK. 2015. Cancer: An Overview.
Academic Journal of Cancer Research. 8 (1): 01-09.

Marusiak AA, Stephenson NL, Baik H, Trotter EW, Li Y, Blyth
K., Mason S, Chapman P, Puto LA, Read JA, Brassington C,
Pollard HK, Philips C, Green I, Overman R, Collier M, Testoni
E, Miller CJ, Hunter T, Sansom OJ, Brognard J. 2016.
Recurrent MLK4 Loss-of-Function Mutations Suppress JNK
Signaling to Promote Colon Tumorigenesis. Cancer Res.
76(3):724-735.

Monga V, Goyal K, Steindel M, Rajani DP, Rajani S. 2014.
Synthesis, and evaluation of new chalcones, derived
pyrazolines and cyclohexenone derivatives as potent
antimicrobial, antitubercular and antilieshmanial agents. Med
Chem Res. 23: 2019-2032.

Moreno LM, Quiroga J, Abonia R, Ramirez-Prada J, Insuasty B.
2018. Synthesis of new 1,3,5-triazine-based 2-pyrazolines as
potential anticancer agents. Molecules. 23:1956.

Nehra B, Rulhania S, Jaswal S, Kumar B, Singh G, Monga V.
2020. Recent advancements in the development of bioactive
pyrazoline derivatives. Eur J Med Chem. 205: 112666.

Nepali K, Sharma S, Sharma M, Bedi PMS, Dhar KL. 2014.
Rational approaches, design strategies, structure activity
relationship and mechanistic insights for anticancer hybrids.
Eur J Med Chem. 77:422-487.

Nussbaumer S, Bonnabry P, Veuthey J-L, Fleury-Souverain S.
2011. Analysis of anticancer drugs:A review. Talanta.
85:2265-2289.

Ozdemir A, Turan-Zitouni G, Kaplancikli ZA, Revial G, Demirci
F, Iscan G. 2010. Preparation of some pyrazoline derivatives
and evaluation of their antifungal activities. J Enzym Inhib
Med Chem. 25:565-571.

Okamoto K, lIkemori-Kawada M, Jestel A, von Konig K,
Funahashi Y, Matsushima T, Tsuruoka A, Inoue A, Matsui J.
2015. Distinct binding mode of multikinase inhibitor
lenvatinib revealed by biochemical characterization. ACS
Med Chem Lett. 6(1):89-94.

Rebucci M, Michiels C. 2013. Molecular aspects of cancer cell
resistance to chemotherapy. Biochem Pharmacol 85:1219-
1226.

Rosenfeld L, Sananes A, Zur Y, Cohen S, Dhara K, Gelkop S,
Zeev EB, Shahar A, Lobel L, Akabayov B, Arbely E, Papo N.
2020. Nanobodies targeting prostate-specific membrane
antigen for the imaging and therapy of prostate cancer. J Med
Chem. 63(14):7601-7615.

Schrodinger Release 2021-3: Maestro, Schrodinger, LLC, New
York, NY, 2021.

Schrodinger Release 2019-4: Protein Preparation Wizard; Epik,
Schrédinger, LLC, New York, NY, 2016; Impact,
Schrodinger, LLC, New York, NY, 2016; Prime, Schrodinger,
LLC, New York, NY, 2019.

Schrodinger Release 2021-3: LigPrep, Schrodinger, LLC, New
York, NY, 2021.



H Yalazan et al.

Schrodinger Release 2021-3: QikProp, Schrodinger, LLC, New
York, NY, 2021.

Stefanes NM, Toigo J, Maioral MF, Jacques AV, Chiaradia-
Delatorre LD, Perondi DM, Ribeiro AAB, Bigolin A, Pirath
IMS, Duarte BF, Nunes RJ, Santos Silva MC. 2019. Synthesis
of novel pyrazoline derivatives and the evaluation of death
mechanisms involved in their antileukemic activity. Bioorg
Med Chem. 27:375-382.

Tas A, Tiiziin B, Khalilov AN, Taslim P, Agbektas T, Cakmak
NK. 2022. In Vitro Cytotoxic Effects, In Silico Studies, Some
Metabolic Enzymes Inhibition, and Vibrational Spectral
Analysis of Novel B-Amino Alcohol Compounds. J Mol
Struct. 1273:34282.

Tapera M, Kekegmuhammed H, Tiiziin B, Saripinar E, Kogyigit
UM, Yildirim E, Dogan M, Zorlu Y. 2022. Synthesis, carbonic
anhydrase inhibitory activity, anticancer activity and
molecular docking studies of new imidazolyl hydrazone
derivatives. J Mol Struct. 1269 (2022): 133816.

Tiiziin B, Sayin K., Ataseven H. 2022. Could Momordica
Charantia Be Effective In The Treatment of COVID19?
Cumhuriyet Science Journal. 43(2):211-220.

Vautherin D, Brink DM. 1972. Hartree-Fock calculations with
Skyrme's interaction. |. Spherical nuclei. Phys Rev C.
5(3):626.

Williams RS, Green R, Glover JN. 2001. Crystal structure of the
BRCT repeat region from the breast cancer-associated protein
BRCAL. Nat Struct Mol Biol. 8(10):838-842.

Xu W, Pan Y, Wang H, Li H, Peng Q, Wei D, Chen C, Zheng J.
2017. Synthesis and evaluation of new pyrazoline derivatives
as potential anticancer agents in HepG-2 cell line. Molecules.
22:467.

124

Eurasian J Bio Chem Sci, 7(2):111-124, 2024



RESEARCH ARTICLE
Eurasian J Bio Chem Sci, 7(2):125-131, 2024
https://doi.org/10.46239/ejbcs. 1557069

Eurasian Journal of
Biological and Chemical Sciences

EJBCS

Evaluation of genetic diversity of tomato spotted wilt virus (TSWV) NSs gene
region isolates at geographical level

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

Filiz Randa-Zelyiit“2"’, Ali Karanfil?
“1Bilecik Seyh Edebali University, Faculty of Agriculture and Natural Sciences, Department of Plant Protection, Bilecik, Tiirkiye
*2Bilecik Seyh Edebali University, Biotechnology Application and Research Centre, 11230 Gulumbe Campus, Bilecik, Tiirkiye
2Canakkale Onsekiz Mart University, Faculty of Agriculture, Department of Plant Protection, Canakkale, Tiirkiye

*Corresponding author : filizrandazelyut@yahoo.com Received : 27/09/2024
Orcid No: https://orcid.org/0000-0002-1366-4389 Accepted : 30/10/2024

To Cite / Atif icin: Randa-Zelyiit F, Karanfil A. 2024. Evaluation of genetic diversity of tomato spotted wilt virus (TSWV) NSs gene region isolates at
geographical level. Eurasian J Bio Chem Sci, 7(2):125-131. https://doi.org/10.46239/ejbcs.1557069

Abstract: One of the most significant plant protection problems that adversely affect agricultural production is diseases caused by
viruses, as there are no direct and rapid control methods. Tomato spotted wilt virus (TSWV), which is known to cause major losses
in vegetable production and is quite common in the Mediterranean basin, is one of these viruses. In reducing the prevalence of the
agent, control of vector insects and use of resistant varieties are the primary parameters. In this study, the genetic diversity of the
partial Non-Structural NSs gene, which produces a putative silencing suppressor protein of TSWV, was investigated at the level
of geographical populations. A total of 325 isolates were clustered from Eastern European, European Mediterranean, Asian,
African, and American populations and geographic genetic diversity analyses were performed. Phylogenetic analyses revealed 2
major phylogroups (Clade I and Il). Isolates reported from Asia and Africa were clustered only in Clade 11, while other isolates
were distributed in both groups. Haplotype network analyses revealed that the isolates had genotypes partially related to their
geography. In support of these results, molecular variance analyses (AMOVA) showed that there were significant results for both
proposals when applied between and within geographic groups. The findings highlight that TSWV has experienced different
evolutionary processes in geographical regions, that the virus spreads along different genetic lines in regions, that local genotypes
may dominate in regions and potentially adapt more quickly, and that local plant health institutions should increase regional
quarantine measures and isolation strategies, and that it is important to take these genetic differences into account in order for the
control to be more effective and targeted.

Keywords: TSWV, NSs gene, haplotype network, AMOVA
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1. Introduction enveloped. Genome is consists of three single-stranded
RNAs (ssRNAs) named L (Large ~8.9 kb ), M (Medium
~4.8 kb), and S (Small ~ 2.9 kb) (Turina et al. 2016). Large
RNA that encodes RNA-dependent RNA polymerase
(RdRp) needs to be copied onto a complementary strand
before it can be read because its polarity is negative (De
Haan et al. 1991). The M RNA is a double-stranded,
antisense RNA that encodes proteins in the amino and
carboxy-terminal regions of glycoprotein precursors (GN
and GC proteins, 58 kDa and 95 kDa, respectively). These
proteins are crucial for virion assembly, development, and
release in the host plant (Nagata et al. 2000; Whitfield et al.
production-limiting factors in the Mediterranean basin 200.8)' The small S RNA genome is a double-sense and
(Turina et al. 2012) antisense RNA that encodes nucleoprotein (NSM 33.6 kDa)

' ' and nonstructural protein  (NSs 30 kDa) from
The TSWV viral particle, like other members of the complementary RNA, which functions as a viral suppressor
Bunyaviridae family, is spherical and membrane- of RNA silencing, and both proteins play an important role

Tospoviruses (Order Bunyavirales, family Tospoviridae)
are a serious threat to crop yield, costing more than $1
billion globally (Prins and Goldbach 1998). Among these
viruses, tomato spotted wilt virus (TSWV) is a significant
pathogen that infects over 1000 plant species across more
than 85 families, including important crops such as tomato,
lettuce, and pepper (Gupta et al. 2018). However, the
emergence of TSWV resistance-breaking strains that
overcome the resistance genes in vegetables such as
tomatoes and peppers, which are among the most produced
and consumed vegetables globally, has become one of the
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in the infection cycle (Snippe et al. 2007; Ocampo et al.
2016; Guo et al. 2017).

The global dissemination of TSWV is primarily driven by
its efficient insect vector, the western flower thrips
(Frankliniella occidentalis). This vector exhibits several
traits that facilitate the virus's spread, including high
fecundity, a short generation time, significant mobility, a
preference for concealed environments, and a polyphagous
feeding habit (Kamran et al. 2024). Furthermore, the
development of resistance to multiple insecticides in F.
occidentalis has exacerbated the spread of vectored plant
viruses such as TSWV (Reitz et al. 2020). Moreover,
TSWV has been reported to be present in the seeds of plants
such as peppers and tomatoes with different rates of
transmission (Jones 1944; Wang et al. 2022). Since TSWV
infects a wide range of hosts, the symptoms it induces are
quite diverse and generally cause brownish ring spots,
yellowing, necrosis of several plant organs, leaf purple and
curling, stunting or growth retardation, fruit deformities,
necrotic spots, local lesions, and even plant death (Francki
and Hatta 1981; Oetting 1991).

Plants typically employ RNA silencing as a defense
mechanism against viral infections. However, plant viruses
have evolved countermeasures, including the production of
RNA silencing suppressors. The NSs protein of TSWV acts
as an RNA silencing suppressor, playing a crucial role in
facilitating the virus's infection, replication, and
transmission. In this study, geographic populations were
established using partial NSs gene sequences of TSWV
reported from various regions of the world, including
Turkey. The aim was to elucidate the genetic diversity and
dispersal dynamics of this gene region within the
framework of population genetics.

2. Materials and Method
2.1. Isolates and phylogenetic analyses

In this study, the nucleotide sequences of the NSs gene of
TSWV, comprising 318 global isolates from various hosts
and geographical regions available in GenBank (accessed
on July 21, 2024), along with 7 tomato isolates obtained as
part of project no. 2022-01.BSEU.06-02, were analyzed.
The partial nucleotide sequence of the NSs gene covers the
nt sequence at position 128-851 in the small S genome
(reference isolate: accession no MN854653, South Korea).

Phylogenetic relationships among 325 TSWYV isolates were
inferred based on partial NSs gene sequences. Nucleotide
sequences of the NSs gene were aligned using ClustalW in
MEGA 11 software (Tamura et al. 2021). An unrooted
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phylogenetic tree was constructed using the Neighbour-
Joining (NJ) method, with the Tamura-Nei model (Tamura
and Nei 1993) applied as the substitution parameter and
uniform rates of complete deletion for gaps in the partial
NSs gene region. Phylogenetic data obtained using the
algorithms and methods of Mega 11 software (Tamura et al.
2021) were transferred to the iTOL (Interactive Tree Of
Life) V.6 online software (Letunic and Bork 2024) for re-
evaluation and visualization. In addition, 1000 boostrap was
applied to increase the reliability values of the branches of
the obtained clusters.

2.2. Haplotype network analyses

Haplotype networks were constructed at the geographic
level to illustrate the genetic variation in the aligned NSs
gene sequences of TSWV. The isolates were classified
based on their geographic origins: the Asian population
(n=22) (South Korea and China), the American population
(n=15) (U.S.A. and Mexico), the Eastern European
population (n=41) (Serbia, Croatia, Slovenia, Bulgaria, and
Hungary), the Euro-Mediterranean population (n=243)
(Tiirkiye, France, Spain, Italy, U.K., Germany, Netherlands,
and Algeria), and the African population (n=3) (South
Africa). Haplotype data for the partial NSs gene of TSWV
were generated and analyzed using DnaSP v6.12.03 (Rozas
etal. 2017). The haplotype networks were constructed using
the Median Joining (MJ) algorithm (Bandelt et al. 1999) and
visualized using PopART software
(http://popart.otago.ac.nz) (Leigh and Bryant 2015).

2.3. Analyses of molecular variance (AMOVA)

Molecular variance analysis (AMOVA) (Excoffier et al.
1992) was performed to estimate the effects of genotype
distributions on the total variation of TSWV isolates based
on the partial NSs gene. Nucleotide sequence data for the
NSs gene region from a total of 325 TSWV isolates were
compiled to form the dataset. The analyses were conducted
using Arlequin version 3.5.2.2software (Excoffier and
Lischer 2010).

3. Results
3.1. Phylogenetic inferences

Phylogenetic  analyses examining the  molecular
evolutionary relationships among geographic populations
revealed that the 325 TSWV isolates were grouped into two
major clades. In our study, these clades were designated as
Clade I and Clade Il (Figure 1).
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Fig. 1 Phylogenetic tree based on partial NSs gene of the TSWV (n=325 isolates)

Clade | comprised a total of 255 isolates, including 11 from
the America, 13 from Eastern Europe, and 221 from the
Europe-Mediterranean region. Notably, no isolates from
Asia or Africa were present in Clade 1. In contrast, Clade Il
consisted of 80 TSWV NSs gene isolates, including 22 from
Asia, 3 from Africa, 3 from the Americas, 28 from Eastern
Europe, and 24 from the Europe-Mediterranean region.
Additionally, while the Tirkiye isolate P§Ant (GenBank
accession number MK922153) clustered within Clade I, the
other Tirkiye isolates were also found in Clade I
Specifically, the seven TSWV isolates obtained from
project no. 2022-01.BSEU.06-02, along with four TSWV
isolates from Antalya recorded in GenBank, clustered
within the same subclade, showing a close relationship with
each other and one isolate from Italy. The phylogenetic tree
showed that in general, isolates obtained locally clustered
more closely with each other.

3.2. Haplotype Network Results

The haplotype network analysis of the partial NSs gene
region from 325 TSWV isolates illustrated distinct
clustering patterns based on geographic origins (Figure 2).
The 22 Asian isolates had 17 haplotypes, while the 243
Europe-Mediterranean isolates had 123 haplotypes.
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Additionally, the 15 American isolates corresponded to 15
distinct haplotypes, the 3 African isolates formed 2
haplotypes, and the 41 Eastern European isolates were had
27 haplotypes. However, the most distinct and common
haplotypes originated from isolates obtained from Spain.
The Europe-Mediterranean isolates (in pink) form the
largest and most diverse group, indicating a higher level of
genetic diversity within this region. Conversely, isolates
from Asia (green) and Africa (light blue) show more distinct
and isolated clusters, reflecting limited gene flow between
these regions and others. The isolates from the Americas
(yellow) and Eastern Europe (blue) are distributed across
smaller clusters, suggesting a moderate degree of genetic
differentiation.

3.3. Results of molecular variance analysis (AMOVA)
among geographical populations

The AMOVA results for the partial NSs gene region of
TSWV revealed that 36.49% of the total genetic variation is
attributed to differences among populations (PST =
0.36491, p < 0.001), indicating significant genetic
differentiation between the defined geographic populations
(Asian, Euro-Med, America, Africa, and Eastern Europe)
(Table 1).
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Fig. 1 Network analysis of TSWV partial NSs haplotypes. The colour of each node represents different geographical
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populations
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Table 1 Molecular variance results obtained among and within five different geographical populations consisting of NSs isolates of TSWV

Population Source of Sum of Variance Percentage ®ST and p-
definition variation squares components variation value
Partial NSs gene Among
region _ 421165.597 63.952 36.49098
populations
Popl: Asian
®ST=0.36491
Pop2:Euro-Med
_ ] Within P<0.001
Pop3: America 31935505.329  111.302 63.50902
) populations
Pop4: Africa
Pop5: Eastern-Euro
Total 32356670.926 175.254

Significance (1000 permutations): ®ST: Pr(random value > observed ®ST) < 0.001

The remaining 63.51% of the variation was found within
populations, highlighting the substantial genetic diversity
present within each region. These results demonstrate that
both inter-population and intra-population  genetic
variations contribute to the overall genetic structure of the
TSWV NSs gene.

4. Discussion

TSWV is one of the most economically destructive plant
pathogens globally, with its rapid evolution and adaptation
to various hosts and environments presenting major
challenges for agriculture and disease management
worldwide. Given the virus's extensive genetic diversity and
adaptability, the development of resistant cultivars through
genetic breeding has become crucial in mitigating crop
losses. Breeding efforts that focus on enhancing resistance
to TSWV in economically important crops, such as
tomatoes, are essential for reducing the virus's spread and
ensuring sustainable agricultural production in affected
regions. Therefore, in this study, phylogenetic, haplotype
network and molecular variance analyses were performed
to understand the genetic diversity of the NSs gene of
TSWYV, which is responsible for breaking plant resistance
genes, at the geographical level and to contribute to future
studies. Population genetic studies are being conducted to
understand the epidemiological cycle, evolutionary
processes, host-vector interactions, genetic diversity and
many factors related to evolutionary dynamics of plant
viruses (Zelyiit and Ertun¢ 2021; Karanfil et al. 2023;
Santosa et al. 2023; Giller et al. 2023). In addition,
population dynamics have been reported from some studies
for different gene regions of TSWV (Abadkhah et al. 2018;
Morca et al. 2022; Usta et al. 2023). Here, NSs gene region
isolates of TSWV were clustered in a geographical
hierarchy and examined comprehensively.

NSs, identified as the suppressor protein of the host plant’s
gene silencing mechanism, plays a pivotal role in
overcoming plant resistance as an avirulence (avr) factor
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(De Ronde et al. 2013). Recent studies have provided
detailed insights into how various domains of the NSs
protein contribute to its gene silencing suppression function
and its role as an avr factor (Du et al. 2020). Margaria et al.
(2014) reported that while the NSs protein is not required
for TSWV acquisition by thrip larvae, it is essential for its
abundant accumulation in adults, which is necessary for
successful virus transmission. TSWYV resistance isolates are
further categorized into resistance-inducing (RI) isolates,
which trigger a hypersensitive response in resistant
cultivars, and resistance-breaking (RB) isolates, which can
overcome host resistance (Peir6 et al. 2014; Turina et al.
2016). Thus, analyses conducted in other studies to
determine isolates capable of breaking host resistance genes
and the phylogenetic relationships of other isolates revealed
the existence of 2 phylogroups for the NSs gene (Almasi et
al. 2015). In this study, the topology of the phylogenetic tree
constructed with 325 isolates was similar to the tree
topology reported by Almasi et al. (2015). Similarly, the
data indicating that isolates that breaking-resistance genes
did not show a separate clustering showed the same results
in our study. However, one of the most important findings
regarding the phylogenetic tree is that the clustering of the
isolates is mostly due to geographical origin. Almasi et al.
(2015) reported similar results for pepper TSWV isolates.

Herein, network analyses indicates the presence of
geographically structured genetic diversity within TSWV
populations. The central positions of certain haplotypes
suggest that these may be ancestral or more widespread
genotypes, particularly within the Europe-Mediterranean
region. Meanwhile, the separation of Asian and African
isolates into distinct clusters could indicate localized
evolution, potentially driven by region-specific selection
pressures or vector dynamics. These results align with the
broader geographic distribution of the virus and its vector,
F. occidentalis, which is known to contribute to the global
spread and genetic diversification of TSWV. In addition, the
knowledge that TSWV s also transmitted by pepper and
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tomato seeds, as reported in another study, may contribute
significantly to these findings (Jones 1944; Wang et al.
2022).

The AMOVA results for the partial NSs gene region of
TSWV indicate that 36.49% of the total genetic variation is
explained by differences among the five geographic
populations (Asian, EuroMed, America, Africa, and Eastern
Europe), with a highly significant ®ST value of 0.36491 (p
< 0.001) (Table 1). This substantial inter-population
variation suggests strong genetic differentiation among
these regions, likely driven by limited gene flow and the
localized evolution of TSWV in different parts of the world.
This geographic structuring could be influenced by factors
such as regional differences in host plants, climatic
conditions, or the distribution of the primary vector, F.
occidentalis. In contrast, 63.51% of the genetic variation
occurs within populations, highlighting considerable
genetic diversity at the regional level. The high level of
intra-population variation suggests that TSWV isolates
within each geographic group are still undergoing genetic
diversification, possibly due to frequent recombination
events, natural selection, or adaptation to local
environmental conditions. These findings underscore the
complex population structure of TSWV, with both
geographic isolation and local evolutionary forces
contributing to its genetic diversity. The significant ®ST
value further suggests that these regional populations are
evolving independently, which has important implications
for understanding the spread and management of TSWV on
a global scale.

5. Conclusion

This study offers important insights into the genetic
diversity and population structure of TSWV by analyzing
the NSs gene across 325 isolates from around the world. The
findings demonstrate significant geographic structuring,
with notable differentiation among populations from Asia,
Africa, the Americas, Eastern Europe, and the Euro-
Mediterranean region. The phylogenetic and haplotype
network analyses reveal that this structuring is largely
driven by geographic origin rather than resistance-breaking
capacity, suggesting localized evolution influenced by
regional environmental conditions and vector dynamics.
The substantial inter-population variation, as indicated by
the AMOVA results, further highlights the independent
evolution of TSWV populations across different regions. At
the same time, the high level of intra-population genetic
diversity emphasizes the ongoing diversification of TSWV
within these regions. These results underscore the
importance of considering both geographic isolation and
local evolutionary pressures in the global management and
control of TSWV. Future research should continue to
explore the role of genetic recombination, natural selection,
and host-vector interactions in shaping the virus's evolution,
particularly with regard to the development of resistant
cultivars and effective disease management strategies.
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Abstract: Today different methods are used in microbiology laboratories to monitor the growth and development of bacteria.
Optical density measurement is one of the most preferred methods as being fast, practical and low cost. On the other hand, it cannot
differentiate between living and non-living cells in the culture. Moreover, alteration in cell size may lead to the variations in the
measurements. As a result, optical density measurements alone may cause wrong experimental results. Therefore, it is necessary
to determine the absorbance-living cell number relationship for each specific culture condition. In this study, Cereibacter
sphaeroides 0.U.001 was cultured under four different culture conditions regarding the type of carbon and nitrogen sources
(Malate/Glutamate, Molasses/Glutamate, Malate/N2 and Acetate/Glutamate) and the effect of medium composition on cell size
and absorbance-viable cell count relationship was investigated. Equations were obtained from curves drawn as optical density (x-
axis) against CFU/mL (y-axis). Field emission scanning electron microscope was used to observe the effects of medium
compositions on the size of Cereibacter sphaeroides O.U.001. It was revealed that the composition of the medium affected the
absorbance-number of living cells relationship. Furthermore, it was evidenced that the size of the cells was changed significantly
upon changing the medium composition. To conclude, it is advised that before performing experiments in which the cell numbers
are significative, a comparative calibration curve for optical density measurement-the living cell number relationship should be

established for more accurate results.
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1. Introduction

The purple non-sulfur (PNS) photosynthetic bacteria are
versatile group of organisms that can grow as
photoheterotrophs, photoautotrophs or chemoheterotrophs.
They can switch from one mode to another depending on
the environmental conditions. PNS bacteria have important
morphological, biochemical, and metabolic properties, as
well. Thanks to their wide range of metabolic properties,
they are able to cope with different physiological or
environmental conditions (Basak and Das 2007; Madigan
and Jung 2009; McEwan 1994). PNS bacteria, which are
widely distributed in nature, are found in mud, wastewater,
lake water and pool water. Representatives of this group of
bacteria are Cereibacter sphaeroides (recently renamed
from Rhodobacter sphaeroides), Rhodobacter capsulatus,
Rhodospirullum rubrum and Rhodopseudomonas palustris
(Kars and Alparslan 2013; Myung et al. 2004).
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Cereibacter sphaeroides, which is a gram-negative
bacterium, has the ability to adapt and grow in variety of
environmental conditions (Vermeglio and Joliot 1999). It
has been used in the laboratories for many years for basic
studies like photosynthesis, respiration, CO, and N fixation
(Kars and Giindiiz 2010). Moreover, C. sphaeroides is a
biotechnologically versatile microorganism capable of
producing many biotechnologically valuable chemicals like
hydrogen (Kars and Alparslan 2013), 5-aminolevulinic acid
(5-ALA) (Sasaki et al. 1990), polyhydroxybutyrate (PHB)
(Lee et al. 2020), B12 and Coenzyme Q10 (Sasaki et al.
2005), The type and amount of carbon and nitrogen sources
are determinative for the biotechnological product that C.
sphaeroides can produce (Basak and Das 2007). For
instance, hydrogen could only be produced under anaerobic
conditions preferentially using fixed nitrogen sources like
glutamate (Danis et al. 2022). Ammonia can also be used
but its concentration needs to be below 2 mM (Akkése et al.
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2009). PHB, for instance, could favorable be produced
under high carbon to nitrogen ratios (Akpinar 2023). C.
sphaeroides is an excellent model organism for studying
nitrogen fixation, as well (Joshi and Tabita 1996). In PNS
bacteria including the C. sphaeroides, the conversion of
nitrogen gas to ammonia is catalyzed by the enzyme
nitrogenase which is activated under diazotrophic
conditions (under the atmosphere of nitrogen gas and in the
absence of ammonia) in the absence of oxygen (Kars and
Giindiiz 2010). Under these conditions, the nitrogenase
enzyme can convert free nitrogen gas into ammonia and
then use it for cellular metabolism. The nitrogenase enzyme
is known to be directly linked to the production of hydrogen.
If the culture is devoid of free nitrogen gas, the nitrogenase
enzyme can catalyze the conversion of protons into
molecular hydrogen under anaerobic conditions in the light.

Since C. sphaeroides is a model bacterium for many basic
metabolic activities and used as a chassis for the production
of many high value-added products, it has been cultivated
under different physiological conditions using various types
of carbon and nitrogen sources. In these studies, starting
with the correct number of cells is of great importance to get
high quality data. Spectrophotometric optical density (OD)
measurement at 600 nm or 660 nm is one of the mostly
preferred and common methods in these studies. One of the
most important reasons for the preference of
spectrophotometric measurement, which is often used in
laboratories to monitor the growth and development of
bacteria, is that it is less time consuming and practical.
Studies are being conducted by assuming that the optical
density (OD) is completely proportional to the number of
cells (Stevenson et al. 2016). However, this method does not
directly measure viable cell number, but rather measures the
turbidity of the cultures which contain both live and death
cells (Beal et al. 2020; Sutton 2011). It was stated that
environmental factors like temperature, water activity and
pH influence the relationship between OD measurement
and viable cell count (Francois et al. 2005). For example,
Jorgensen et al. demonstrated that high osmotic stress
resulted in elongation of L. monocytogenes (Jorgensen et al.
1995). Consequently, this morphological change affected
the OD measurement-viable cell count relationship. The OD
values do not mean the number of cells. This is because the
capacity of bacteria to multiply varies with each different
environment where they are found. Although this situation
is already known to most researchers, it is ignored due the
simplicity of the spectrophotometric measurement.
However, ignoring the fact that the relation between OD
values and live cell number depends on the culture
conditions may lead to false results during the
microbiological studies. Especially in sensitive techniques
such as polymerase chain reaction (PCR), RNA-Seq and
microarray, the result is strongly dependent on the initial
cell number. In these techniques, live cells are generally
preferred to obtain reliable and high-quality data, as they
preserve the integrity of nucleic acids, allowing for the
complete and accurate analysis of the desired genetic
material. When working with dead cells, however, the
degradation of DNA and RNA is likely, which can lead to
incomplete or erroneous data. If the use of dead cells is
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unavoidable, special care should be taken during sample
preparation to maintain nucleic acid stability and minimize
degradation (Nkuipou-Kenfack et al. 2013). Although
quantification and adjustment of the initial amount of RNA
or DNA help to avoid false results, starting with an equal
number of cells for each experimental group would be more
meaningful. Furthermore, in some other biotechnological
studies, the experiments are being conducted by just starting
with the cultures with similar OD values to equalize
conditions without further considerations.

In this study, absorbance-viable cell number relationship of
C. sphaeroides under four different culture conditions
regarding the type of carbon and nitrogen sources
(Malate/Glutam ate, Molasses/Glutamate, Malate/N, and
Acetate/Glutamate) was investigated. The sizes of the cells
were also measured by a field emission scanning electron
microscope (FE-SEM) under the same conditions to see if
culture conditions have any effects on the morphology of
the cells.

2. Materials and Method
2.1. Microorganism media and culture conditions

Cereibacter sphaeroies 0.U.001 (DMS 5864) was used in
this study. Four different growth media were prepared based
on carbon and nitrogen content (Malate/Glutamate,
Molasses/Glutamate, Malate/N; and Acetate/Glutamate) to
investigate absorbance-viable cell count relationship of C.
sphaeroides. The media contents are shown in Table 1.

Table 1. Media components designed regarding the carbon and
nitrogen sources

Medium  Carbon source Nitrogen source
number
1 Malate (15 mM) Glutamate (2 mM)
2 Molasses (28 g/L) Glutamate (2 mM)
3 Malate (15 mM) N2 gas
4 Acetate (40 mM) Glutamate (2 mM)

The first medium is a minimal medium often used for
cultivation of C. sphaeroides and is called as Biebl and
Pfenning minimal medium (Biebl and Pfennig 1981)
medium, which uses malate (15 mM) as a carbon source and
glutamate (2 mM) as a nitrogen source, was considered as a
control group because it meets the requirements of bacteria
at a minimum or basal level. It specifically allows the
growth of PNS bacteria. In the second medium, sugar beet
molasses obtained from a sugar factory (Konya Seker,
Konya, Tiirkiye) was used as the carbon source. Sugar beet
molasses, which is obtained as a by-product in the process
of sugar production, is one of the most economical carbon
sources to grow bacteria (Bae and Shoda 2004). Raw
molasses contains approximately 48-50% sugars, 1-3%
nitrogen, a variety of organic acids (including malic,
succinic, fumaric, lactic, acetic, propionic, and formic
acids), as well as essential elements such as potassium,
sodium, magnesium, calcium, aluminum, zinc, copper,
nickel, cobalt, manganese, chromium, and boron, along
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with various vitamins. This rich composition positively
affects bacterial growth, allowing the bacteria to reach very
high cell densities (Kars and Alparslan 2013). Molasses was
pre-processed before use due to its complex content. After
diluting the molasses with distilled water, it was centrifuged
at 9000 rpm for 20 minutes. Then, the supernatant was
passed through the 0.22 um filter to be ready for use. As the
third medium, a nitrogen-fixing environment was designed.
In this case, malate (15 mM) was used as carbon source and
nitrogen gas was used as nitrogen source. The liquid culture
was flushed with nitrogen gas for 3 min so that the
bioreactor became anaerobic and saturated with the nitrogen
gas at the same time (Sert 2022). The remaining content of
the medium was the same as the others. In the final medium,
acetate (40 mM) and glutamate (2 mM) were chosen as
carbon and nitrogen source, respectively. Acetate is
especially preferred in the PHB production processes since
acetate catabolism uses the same pathway with PHB
production metabolism in C. sphaeroides (Kars and Giindiiz
2010). Thus, significant amounts of PHB can be formed.
Acetate is accordingly chosen as a carbon source, and it was
included in the study to see if PHB accumulation inside the
cell leads the deviations in absorbances.

The main elements for each medium are MgSQO4.7H,0 (0.2
g/L), CaCl,.2H,0 (0.05 g/L) and NaCl (0.4 g/L). KH2PO4
(0.5 g/L) was used as buffer. In addition, trace element, iron
sulfate and vitamin solutions were put into the media as
documented earlier (Kars and Ceylan 2019). Initial pH of
the medium was fixed to 6.9. After sterilization, the media
were transferred to 100 mL sterile glass penicillin bottles.
Then, they were inoculated by 10 % (v/v) with freshly
grown cultures. Argon gas was passed through the medium
to provide anaerobic conditions, if needed. To set nitrogen-
fixing condition, nitrogen gas was passed through the
bottles for 3 minutes instead of argon gas. The light energy
was provided by an incandescent lamp (100 W) which was
placed at a distance of 30-40 cm. The bioreactors were kept
in incubator at 29 °C (Danis et al. 2022).

2.2. Growth curves and cell counting method

In order to compare the absorbance values with the number
of living cells, spread plate technique was used (Koch
2006).Simultaneous cell counting and OD measurements
were performed to find the number of living cells
corresponding to the OD values. The OD values of the
samples were measured using a spectrophotometer
(Agilent, Cary 60 UV-Vis) at a wavelength of 660 nm. After
the first absorbance value was taken at the zeroth hour (t=0),
the subsequent measurements were made at 24-hour
intervals. After the initial absorbance value was taken at the
zeroth hour (t=0), subsequent measurements were made at
24-hour intervals based on previous studies (Sert 2022). For
the spectrophotometric measurements above 1, the samples
were diluted and then the results were multiplied by the
dilution factor to get the exact OD value. The measurements
were performed at least twice and then standard error of the
mean (SEM) values for each time point were calculated. At
the end, ODgso NmM versus time (h) graphs were drawn. In
parallel to OD measurements, culture samples were spread
onto the agar plates after several dilutions and bacterial
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colonies formed on petri dishes were counted. Due to the
challenges of converting Molasses-Glutamate and Malate-
N gas liquid media to solid media, all cultures were grown
on Malate-Glutamate (BP) agar plates for counting. For the
total number of bacteria, the number of colonies as colony
forming unit (CFU) was calculated according to the
equation (Equation 1) (Koch 2006) given below and then
graphs were created. The process was repeated at 24-hour
intervals. Finally, ODggo nm versus CFU/mL graphs were
drawn.

CFU
L= number of colonies X dilution factor

1
=/ volume transferred to petri dishes (mlL)
(Equation 1)

2.3. FE-SEM analyses and measurement of cell surface
area

Size and morphology of C. sphaeroides O.U.001 were
examined by a field emission scanning electron microscope
(Hitachi SU 1510). To ensure that the morphological
structures of the cells were not disrupted, no chemical
treatments were applied, and direct FE-SEM images were
obtained from C. sphaeroides O.U.001 grown in all media
until it reached the logarithmic phase. For this purpose,
liquid samples of C. sphaeroides O.U.001 were collected
into Eppendorf tubes and centrifuged at 7000 rpm for 5
minutes. The supernatant was discarded, and the pellet was
dissolved in 1 mL of sterile distilled water. 5 ul of cell
suspension was placed onto platform (stab). Sample
platforms were kept in an incubator at 50 °C for 10 minutes
to dry the cells. To ensure the necessary conductivity
without compromising the morphological structure of the
sample, it was coated with iridium at a thickness of 4.15 nm.
(Zheng et al. 2017; Sert 2022). The FE-SEM images of
bacteria were then used for the measurement of cell surface
area by ImageJ image analysis program (Schneider et al.
2012). For this, ten bacterial cells were selected randomly
(N:10) in each of the four groups and the surface area of
them were calculated using the image analysis program.
Then, one-way ANOVA was performed to see if growth
media have any influence on the size of bacteria.

3. Results
3.1. Growth curves under different culture conditions

The growth of bacteria was followed by measuring the
absorbances of the cultures by a spectrophotometer at 660
nm. At the time of inoculation, the time was taken as zero
and then OD measurements were done at 24-hour intervals.
Afterwards, these data were used to draw the growth curves
as shown in Figure 1. The highest OD value obtained in
each growth media was different from each other. For
instance, the highest OD value (4.62) was achieved in
Molasses/Glutamate media while the lowest value (1.39)
was obtained in Malate/Glutamate medium. The cells
attained an OD value of 2.70 in Acetate/Glutamate medium.
In the case of Malate/N, medium, the highest OD value of
the culture was 2.39. In this medium design, carbon source
was malate, but the nitrogen source was molecular nitrogen
different from the others. In this experimental setup,
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nitrogen fixation conditions were set so that the effect of
nitrogen fixation on the growth profile was assessed. The
OD value achieved in this medium was still higher than that
obtained in Malate/Glutamate minimal medium.
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Figure 1. The growth of C. sphaeroides in Molasses/Glutamate,
Malate/Glutamate, Acetate/Glutamate and Malate/N2 media

3.2. Absorbance-viable cell count relationship

This section of the study looked at the link between C.
sphaeroides O.U.001's absorbance and viable cell count in
various conditions. A graph (Figure 2) was obtained, with
absorbance (OD660 nm) on the x-axis and viable cell
number (CFU/mL) on the y-axis. The graph illustrates how
there were notable variations in the quantity of live cells
with identical OD values. When the equations in the graph
were used, an OD value of 1 corresponded to 5.06 x 108,
8.2 x 10% 4.2 x 10% and 4.6 x 10® CFU/mL in
Malate/Glutamate, Malate/N,, Acetate/Glutamate and
Molasses/Glutamate media, respectively. When compared
to others, the highest value for viable cells per milliliter of
culture was achieved in that where nitrogen source was
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supplied as molecular N2. On the other hand, when acetate
was used as the carbon source, the smallest value for viable
cell count per milliliter of culture was achieved.
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Figure 2. Absorbance-viable cell count relationship of C.
sphaeroides 0.U.001. Error bars indicate standard error of the
mean

3.3. Field emission scanning electron microscope analyses
and measurement of cell size

Field Emission Scanning Electron Microscopy (FE-SEM)
was used to visualize the changes in the cell morphology of
C. sphaeroides growing under different culture conditions.
Moreover, the FE-SEM images (Figure 3) were used to
measure cell sizes using ImageJ image analysis program
(Schneider et al. 2012). In order not to give rise to any
deformities in the cell structure, fixatives were not used.
Cells were only treated with distilled water before FE-SEM
analyses. No distinctive differences in cell morphologies
were observed upon examining FE-SEM images (Figure 3).
Further analyses with higher magnification might help to
unveil the detailed morphological structures in the future
studies.
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Figure 3. FE-SEM images of C. sphaeroides grown in Malate-Glutamate (a), Molasses-Glutamate (b), Malate-N2 (c) and Acetate-

Glutamate media (d)
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FE-SEM images of C. sphaeroides grown in different
growth media were used to analyze cell surface area (Figure
4). Surface area measurements of the cells in each growth
media and subsequent one-way ANOVA analysis revealed
that there was a statistically significant difference in test
scores between at least two groups (F (2, 36) = 3.777, p =
0.019). Tukey’s test for multiple comparisons found that
mean surface areas were significantly different between the
growth media Malate/Glutamate and Acetate/Glutamate (p

= .031, 95% ClI = [-.34637, -.01243]) and
Molasses/Glutamate and Acetate/Glutamate (p = .043, 95%
C.l. = [-.33797, -.00403]). There was no statistically
significant difference between the other media (p > .05).
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Figure 4. Cell surface area of C. sphaeroides grown in different
media

4. Discussion

When working with microorganisms, assessing growth is
often crucial, and the most commonly used method for
measuring growth/growth inhibition is absorbance
measurement (Gabrielson et al. 2002). However, it is
incorrect to directly relate absorbance values (OD) to live
cell number without taking into account the physiological
state of the medium, the type of microorganism, and the
metabolic products produced. In this study, it was found that
the OD value-viable cell count relationship of bacteria
grown under different physiological conditions varied
significantly.

The growth profiles changed depending on the culture
conditions used. For example, the maximum OD value
(4.62) was obtained in Molasses/Glutamate media (Figure
1), whereas the lowest (1.39) was obtained in
Malate/Glutamate medium (Figure 1). This result was very
plausible and reasonable when considering the composition
of the medium. The highest cell density was obtained in the
medium having the richest composition
(Molasses/Glutamate) while the lowest cell density was
obtained in the medium with minimal composition
(Malate/Glutamate). The result was also consistent with
previous findings. In a previous study, the highest cell
density for C. sphaeroides O.U.001 (ODeso: 9.26, 4.54 g
cdw/L) was reported to be obtained when using molasses as
substrate (Kars and Alparslan 2020). This might be due to
the fact that sugar beet molasses has a very rich
composition, and it includes around 50% sucrose by weight.
Moreover, several types of organic acids and elements were
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found to be present in molasses (Kars and Alparslan 2013).
In the study conducted by Palmonari et al. (2020) the
detailed chemical composition of molasses includes sugars,
elements, and vitamins, as well as nitrogen sources (such as
protein and nitrate). Therefore, it is believed that the highest
growth values of C. sphaeroides in molasses medium may
be attributed to other nitrogen sources. It has been
concluded that additional nitrogen sources likely enhance
growth and significantly support bacterial development.
Molasses is not only a rich substrate but also a cheap carbon
source when compared to other commercially available
sources. Thus, it is frequently used as a substrate in
microbiology  studies. Unlike molasses, the
Malate/Glutamate medium which was named as minimal
medium supported the cell growth at the basal level. As a
result, obtaining the lowest cell density while utilizing
malate/glutamate medium is highly likely and predictable.
This medium, named as Bieble and Pfennig minimal
medium, selectively allows the growth of PNS bacteria so
that it has specific uses. For instance, Escherichia coli
strains cannot grow in this minimal medium so that it can
be used to select single recombinant C. sphaeroides after
conjugation in site directed mutagenesis studies (Kars et al.
2008).

In the Acetate/Glutamate medium, the cells reached an OD
value of 2.70 (Figure 1). The acetate assimilation pathway
differs among bacterial species. Regarding acetate
assimilation pathways in PNS bacteria, glyoxylate cycle,
citramalate cycle and ethylmalonyl-CoA pathways were
declared to exist (Kars and Giindiiz 2010). C. sphaeroides
lacks isocitrate lyase, the enzyme that provides the renewal
of C4 acids in glyoxylate cycle. However, studies indicated
that another acetate assimilation pathway called as
ethylmalonyl-CoA (EMC) was operating in C. sphaeroides
to metabolize acetate (Kars and Giindiiz 2010; Shimizu et
al. 2019). This pathway is linked to the production of PHB.
Thus, acetate is known to positively affect the production of
PHB. In the experiments, it was observed that acetate
sufficiently supported the growth of C. sphaeroides so that
the cells attained considerably high cell density. It is also
highly probable that excess amount of acetate was stored in
the form of PHB granules in the bacterial cells. The stored
PHB granules can then be used as carbon sources and may
cause late arrival to the stationary phase as witnesses in this
study. The maximum OD value of the culture in the
Malate/N, media was 2.39 (Figure 1). Malate served as the
carbon supply and molecular nitrogen served as the nitrogen
source in this particular medium design. The nitrogen
fixation settings in this experiment were chosen to evaluate
the impact of nitrogen fixation on the growth profile. Even
with this medium, the OD value was greater than in the
Malate/Glutamate minimum media. Consequently, it was
discovered that nitrogen fixation promoted bacterial growth
more effectively than glutamate, suggesting that nitrogen
gas was a superior nitrogen source to glutamate.

When the association between the absorbance and viable
cell count of C. sphaeroides O.U.001 in various medium
was examined, significant variations in the quantity of live
cells with identical OD values were observed, as the graph
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illustrates (Figure 2). These variations might result from
each cell's unique capacity to absorb light depending on the
growth conditions. The ability of cells to absorb light can be
influenced by a variety of factors including pigments,
internal membrane architecture, granules, and the types of
metabolites found inside the cells. For example, when
anaerobic conditions are met, a photosynthetic
intracytoplasmic membrane (ICM) system forms in the cell
(Kars and Giindiiz 2010). This internal structure is required
for the light reactions of photosynthesis since it houses the
photosynthetic machinery that contains carotenoids and
bacteriochlorophylls. Owing to the presence of carotenoids
and bacteriochlorophylls, these bacteria may display
distinct light absorption characteristics. Furthermore, the
cells convert excess carbon sources into PHB granules for
later use when they are provided with a high amount of
carbon source with limited amount of nitrogen or elements.
Changes in the cells' ability to absorb light may also result
from presence of such granules. Additionally, the growth
medium'’s characteristics might have an impact on the
cultures' ability to absorb light. This is particularly true
when employing vibrant growth media, such as molasses
made from sugar beets. These feedstocks' vibrant colors or
particles invariably change the culture's capacity to absorb
light. Consequently, the aforementioned discussions should
be considered to understand the fluctuations in the
absorbance-viable cell number relation of a bacterium under
various physiological settings.

Field Emission Scanning Electron Microscopy (FE-SEM)
was used to visualize changes in cell morphology of C.
sphaeroides growing under different conditions. Cell sizes
were measured using ImageJ image analysis program. No
distinctive differences were observed in cell morphologies,
but further analyses with higher magnification could reveal
detailed structures. Surface area measurements showed a
statistically significant difference in test scores between at
least two groups, with significant differences between
growth media Malate/Glutamate and Acetate/Glutamate
and Molasses/Glutamate and Acetate/Glutamate. Similar to
polyhydroxybutyrate biosynthesis, C. sphaeroides's acetate
assimilation mechanism follows the ethylmalonyl-CoA
pathway. Stated differently, PHB synthesis is a necessary
consequence of using acetate as the carbon source. As a
result, in the Acetate/Glutamate medium, acetate stimulates
the growth of PHB granules inside the cell, allowing the
cells to attain a much larger surface area. This might be the
reason why the cells in the Acetate/Glutamate medium had
the largest surface area.

5. Conclusion

Bacterial cell cultures progress through distinct life stages,
namely the lag phase, log phase, stationary phase, and death
phase. To track this progression over time, the conventional
method employed is spectrophotometric measurement.
When using a spectrophotometer for measurement, the
absorbance value is influenced not only by the cells but also
by the composition of secretory substances and the
properties of the growth medium, including its color.
Consequently, the relationship between absorbance and the
number of living cells varies depending on the specific
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environment. Furthermore, cells exhibit distinct metabolic
activities and produce different metabolites in various
conditions, which can also impact absorbance values.
Metabolites and bacterial structures resulting from diverse
metabolic activities, such as membrane folds formed under
photosynthetic conditions, are believed to influence
absorbance. Physiological conditions not only determine
the relationship between absorbance and viable cell count
but can also lead to variations in cell size. As a result of this
study, it was proved that cell surface area of C. sphaeroides
varied significantly upon changing growth media.

In conclusion, despite the inherent limitations of
spectrophotometric measurements due to variations in
culture conditions, this method can still be useful following
adequate control and calibration of the procedure. It is
advisable to establish calibration protocols that compare
absorbance with viable cell counts before utilizing a
spectrophotometer to measure the density of cell
suspensions. Once these calibration protocols are tailored to
specific culture conditions, spectrophotometric studies can
be conducted.
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1. Introduction anti-inflammatory (Kang et al. 2012), anti-cancer (Cimmino
et al. 2017; Ying et al. 2017), anti-bacterial, anti-malarial,
acetylcholinesterase and butyrylcholinesterase inhibitor
(Pesaresi et al. 2022) properties. Lycorine is also known for
its potential to affect SARS-CoV-2 infection due to its
antiviral activity (Jin et al. 2021), while galanthamine is
used in the treatment of Alzheimer’s disease and other

neurological disorders (Kaur et al. 2022; Pesaresi et al.

Turkey occupies a significant position in the global context
of plant diversity and richness, serving as a critical reservoir
of various plant species. Among the diverse flora, bulbous
tuberous plants, commonly called geophytes, represent a
vital component of this biodiversity. According to the
TUBIVES database, Turkey is home to an impressive array

of 816 geophyte taxa, distributed across 73 genera and 11
families. The geographical distribution of these plants is
notably concentrated in regions such as the Southwestern
Aegean, the Black Sea Region, the Mediterranean Region,
and the Taurus Mountains (Anonim 2015; Sekeroglu et al.
2012).

The species of the Amaryllidaceae family, in which the
snowdrop is included, contain alkaloids such as nivalin,
galanthamine, tazettin and lycorenin, which number up to
150 and are called Amaryllidaceae alkaloids (Ay et al. 2018;
Bozkurt et al. 2021). Galanthamine and lycorine exhibit

2022).

To enhance alkaloid production in selected plant species,
zinc was utilized as a nutritional supplement during the
growth phase, aiming to stimulate alkaloid biosynthesis.
Research indicates that zinc plays a crucial role in plant
metabolism and can influence the accumulation of
secondary metabolites, including alkaloids. For instance,
studies have shown that the presence of zinc can enhance
the expression of genes involved in alkaloid biosynthesis
pathways, thereby increasing the overall alkaloid content in
plants (Sun et al. 2018; Zhang et al. 2020).
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Viral and parasitic diseases are significant public health
concerns worldwide, as they can lead to severe morbidity
and mortality. Zika virus, malaria, leishmaniasis, and
dengue are significant infectious diseases that pose
substantial public health challenges, particularly in tropical
and subtropical regions (Waggoner et al. 2016). Zika virus,
primarily transmitted by Aedes mosquitoes, is notorious for
its association with severe birth defects, such as
microcephaly, when contracted during pregnancy. Malaria,
caused by Plasmodium parasites and transmitted through
Anopheles mosquitoes, remains a leading cause of
morbidity and mortality (Fernando et al. 2013), particularly
in sub-Saharan Africa, with the World Health Organization
(WHO) estimating approximately 627.000 deaths globally
in 2020 (Girarad et al. 2020; Subhadra, et al. 2021).
Leishmaniasis, transmitted by sandflies and caused by
protozoan parasites of the genus Leishmania, is prevalent in
the Middle East, South Asia, and South America,
manifesting in forms that can be fatal if untreated. Dengue
fever, caused by the dengue virus and also transmitted by
Aedes mosquitoes, has seen a dramatic rise in incidence,
with an estimated 390 million infections annually and
approximately 20,000 deaths each year from severe forms
(Ramirez-Jimenez et al. 2013). Addressing these diseases is
crucial for their direct health impacts and socio-economic
consequences, as they strain healthcare systems and hinder
economic development. Dengue fever, classified as the
most significant mosquito-borne viral disease, has increased
tenfold in incidence over the past three decades, affecting
over 100 countries (Ravilala et al. 2018). Similarly, malaria
continues to contribute to high rates of child mortality in
endemic regions. The emergence and re-emergence of these
diseases are linked to climate change, urbanization, and
increased human-animal interactions, necessitating
comprehensive strategies for prevention, control, and
treatment to mitigate their impact on global health.

This study aims to enhance the biosynthesis of
galanthamine and lycorine alkaloids in Galanthus elwesii
Hook through zinc supplementation. This approach aims to
increase the production of these bioactive compounds,
which have demonstrated antiviral and antiparasitic
properties. To further investigate their potential therapeutic
applications, molecular docking studies and assessments of
physicochemical and  pharmacokinetic ~ properties
(ADMET) will be conducted.

2. Materials and Method

A field experiment was carried out in Suluova, Amasya,
Turkey, during the 2018-2019 growing seasons on a
previously cultivated field. Bulbs of G. elwesii with a
diameter exceeding 4 cm, procured from commercial
sources, were used as planting material. The experimental
design was a randomized complete block design with three
replications. Three zinc sulfate (ZnSO.) rates (2.5, 5, and 10
kg/da) were applied.

2.1. Extraction method

At the end of the drying process, the roots and bulbs were
macerated. The methanol was then evaporated by rotary
evaporation and the extracts were obtained. After the
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methanol was evaporated from the rotary evaporator, the
crude extract obtained was acidified with 10% CH3;COOH
(pH 2-3). The resulting extract was extracted with
chloroform to remove oils, waxes, etc. other than alkaloids.
The remaining extract was basicised with 25% NH3 until pH
8-9 to release the alkaloids in the extract and the resulting
phase was extracted with chloroform.

2.2. Determination of Alkaloid Components by HPLC

HPLC working conditions and gradient elution program
were used to quantitatively determine the alkaloid
compounds of the extracted plants. The components in the
samples were determined according to the retention times
of the components in the system. For the quantification,
firstly, the standards were taken as single readings and their
retention times were determined. Then, mix. solutions of the
standards at different concentrations were prepared and it
was determined whether galantamine and lycorine caused a
change in the retention times. Calibration curves were
generated from the mix. solutions, and the amount was
calculated.

High-Pressure Liquid Chromatography (HPLC) analysis
conditions are given below:

Instrument: Shimadzu Prominence Modular LC20A HPLC;
Column oven CTO-10AS VP; Column Used Intersil ODS
3, 5um 4,6x250 mm; Mobile phase: 95% TFA-water / 5%
acetonitrile; Detector: SPD-M20A.

2.3. Statistical Analysis

The data obtained were evaluated using the JUMP statistical
package program. The Duncan test was used to check the
significance of the differences between the means.

2.4. Theoretical Details and In-silico Methods

The theoretical investigations of galanthamine and lycorine
were conducted using the Gaussian 09 software package
and the GaussView 5.0 molecular visualization tool (Frisch
et al., 2009). Gaussian 09 is a widely recognized
computational chemistry software that facilitates the
modeling of molecular systems using quantum mechanical
principles. In our study, geometric optimization of the
compounds was achieved through Density Functional
Theory (DFT), employing Becke's (1988) Three-Parameter
Hybrid Functional in conjunction with the Lee, Yang, and
Parr (1988) correlation (B3LYP) method. This hybrid
functional is well-regarded for its balance of accuracy and
computational  efficiency in predicting molecular
geometries and electronic properties. We utilized the 6-
311G(d,p) basis set for our calculations, which is commonly
employed in DFT studies as it provides a good compromise
between computational cost and accuracy. Including
polarization functions (the 'd' in 6-311G(d,p)) is particularly
important for accurately describing the electronic
environment of the molecules under investigation, ensuring
that our results are robust and reliable under ground state
conditions in the gas phase.



M. Gul and E. Bat: Ay

For the assessment of ADMET (Absorption, Distribution,
Metabolism, Excretion, and Toxicity) properties, we
utilized the ADMET Lab platform, which is a user-friendly
web-based tool that provides predictions of ADMET
properties using a multitask graph attention framework.
This platform covers various endpoints, including
physicochemical properties, ADME characteristics, and
toxicity assessments (Xiong et al., 2021). ADMET Lab
employs various predictive models that have been validated
against experimental data, enhancing the reliability of the
predictions. The specific models used in our analysis
include those for predicting solubility, permeability, and
metabolic stability, which are critical for evaluating the
pharmacokinetic profiles of the compounds. The integrated
databases within ADMET Lab ensure that the predictions
are based on reliable and precise data. Furthermore, the tool
utilizes machine learning algorithms trained on extensive
datasets, which significantly enhances the accuracy of the
predictions. We ensured that the parameters and settings
were appropriately configured to reflect the chemical nature
of the compounds we were investigating. The tool is
accessible online at: https://admetlab3.scbdd.com/.

The 3D structures of the malaria food vacuole function
(PDB:1YVB), apicoplast maintenance (PDB:2QG8),
mitochondrial activity (PDB:4PLT), and lipid biosynthesis
(PDB:4ZCR), zika virus, proteins like the Zika virus
protease (PDB:5H6V) and NS5 protein (PDB:5TFR),
dengue virus NS2B/NS3 Protease (PDB: 2FOM), for
leishmania Trypanothione Reductase from Leishmania
infantum (PDB:2JK®6), and Leishmania mexicana arginase
(PDB: 41TY) were obtained from the RCSB PDB database.
Using AutoDock Tools 1.5.6, water molecules were
removed, proteins were isolated, nonpolar hydrogens were
added, Gasteiger charges were computed, and the structures
were saved in PDBQT format. The PubChem database
provided the 2D structures of alkaloid candidate compounds
named lycorine and galanthamine, which were converted to
PDBQT format via Chem3D for docking.

Table 1 Molecular docking active site coordinates of target
proteins

Dimension Grid Box Grid Box
1YvB 70.21*-38.10*-84.35 40*60*40
2FOM 5.56*-22.04*2.45 40*40*40
2JK6 19.83*42.98*-2.05 60*60*60
2QG8 5.38*38.00*15.02 40*40*40
41TY 13.66*14.59*-5.85 60*60*60
4PLT -1.47*%48.30*42.11 40*40*40
4ZCR 13.04*-55.22*255.38 40*40*40
5H6V -8.20%10.59*-17.25 40*40*40
5TFR 30.03*-40.47*-10.19 40*40*40

The binding site was defined by the ligand coordinates in
the target protein complex and tabulated in Table 1.
Ligands were modeled as flexible, while the receptor
remained rigid. AutoDock 1.1.2 generated 20
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conformations per ligand-receptor complex, and the
conformation with the highest binding affinity was selected
for further analysis. Discovery Studio was used to visualize
the docking results.

3. Results

The predominant family of bulbous plants in Turkey are
Amaryllidaceae, Liliaceae, and Iridaceae, esteemed for their
ecological roles and ornamental value (Arslan et al., 2008).
In Turkey, the bulbs and tubers of geophytes are harvested
from their natural environments and subsequently exported
as ornamental plants, thereby playing a significant role in
both local and international horticultural markets. However,
this practice has raised critical conservation issues, as
certain species are increasingly threatened with extinction
due to over-collection and habitat degradation (Bat1 Ay,
2019). Particularly concerning are several species within the
genus Galanthus, commonly referred to as snowdrops,
which have been classified as endangered or vulnerable.
These species hold specific conservation statuses, including
Critically Endangered (CR), Endangered (EN), and
Vulnerable (VU), as documented in the Red Book of Plants
of Turkey.

The results of the HPLC study on the effects of zinc
supplementation on lycorine and galanthamine reveal
significant differences in their flowering and ripening
periods. For lycorine, increasing zinc doses resulted in a
flowering period of 7.74 kg/da at 2.5 kg/da, which
decreased to 2.65 kg/da at 5 kg/da, and then increased to
4.56 kg/da at 10 kg/da, indicating a complex response to
zinc levels. In contrast, galanthamine showed a more
consistent increase in flowering period with zinc doses,
starting at 11.53 kg/da for 2.5 kg/da and peaking at 21.61
kg/da for 5 kg/da, before dropping to 5.76 kg/da at 10 kg/da.

Galantamine Lycorine
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Fig. 1 Effects of zinc supplementation on the flowering and
ripening periods of lycorine (blue), and galanthamine (red)
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These findings suggest that zinc plays a crucial role in the
biosynthesis of alkaloids in both plant species, potentially
influencing their growth and development, which may have
implications for their therapeutic efficacy and vyield in
medicinal applications (Figure 1).

Zinc was added as a nutritional supplement during the
growth phase to increase the concentration of alkaloids in
the selected plant species. The addition of zinc supports
plant growth and promotes the activity of specific
transcription factors that regulate alkaloid biosynthesis
(Deng et al. 2018). Furthermore, the interaction between
zinc and other nutrients can lead to synergistic effects that
further enhance alkaloid production (Kamran et al. 2017).
This approach underscores the importance of optimizing
nutrient management in agricultural practice secondary
metabolites, such as alkaloids, which have significant
pharmacological properties and economic value.

Density Functional Theory (DFT)-based calculations play a
crucial role in drug design by offering a detailed
understanding of the electronic properties and reactivity of
pharmacophoric groups. This knowledge is essential for
optimizing the efficacy and safety of therapeutic agents.
These calculations allow researchers to predict how
potential drug candidates interact with biological targets,
facilitating the identification of compounds with desirable
pharmacokinetic and pharmacodynamic properties.

Fig. 2 Electron density map results of the galanthamine and
lycorine

For instance, studies have demonstrated that DFT can be
employed to analyze the molecular interactions and binding
affinities of alkaloids, which are known for their diverse
biological activities, including antiviral and antiparasitic
effects (Painter et al. 2013, Flores-Holguin et al. 2019).
Moreover, integrating DFT calculations with molecular
docking studies enhances the understanding of how specific
structural features of alkaloids contribute to their biological
activity. This approach enables the identification of key
pharmacophoric elements that can be further optimized to
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improve drug-like properties, such as solubility,
permeability, and metabolic stability, as assessed through
ADMET (Absorption, Distribution, Metabolism, Excretion,
and Toxicity) analysis (Frau & Flores-Holgum, 2019;
Flores-Holgtin et al. 2019). Consequently, DFT-based
methodologies are invaluable in rationalizing novel
therapeutic agents targeting viral and parasitic diseases,
ultimately leading to the development of more effective and
safer pharmaceuticals.
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To calculate the global reactivity values for galanthamine
and lycorine based on their frontier molecular orbital
(FMO) energies, we can utilize the energy gap (Egap)
derived from density functional theory (DFT) calculations
via with the Gaussian 09 W package and GaussView 5.0
programmes (Dennington et al. 2009; Frisch et al. 2009).
The energy gap is defined as the difference between the
lowest unoccupied molecular orbital (LUMO) energy and
the highest occupied molecular orbital (HOMO) energy
(Khaled et al., 2022). This energy gap can be used to derive
important global reactivity parameters such as electron
affinity (EA), electronegativity (y), chemical hardness (1)),
and chemical softness (S), which provide insights into the
stability and reactivity of these alkaloids (Khelfaoui et al.
2020). The calculated HOMO and LUMO energies for
galanthamine and lycorine (Figure 3) offer valuable
information about their reactivity profiles, with the data
indicating that lycorine has a smaller energy gap (Egap) of
5.282 eV compared to galanthamine's Egap of 5.314 eV.
This smaller Egqp for lycorine suggests higher reactivity and
lower stability, which may enhance its potential as a drug
candidate.

The ADMET profiles obtained for galanthamine and
lycorine reveal important pharmacokinetic and toxicity
characteristics critical for their potential therapeutic
applications (Figure 4). In the radar chart, the green color
represents the minimum values a drug candidate can have,
while the blue color indicates the possible maximum values.
The yellow color represents the values for the selected
alkaloids. The TPSA, logP, logS, hydrogen bond donor and
acceptor numbers, and ring numbers for AAAS and AAAC
alkaloids fall within the maximum and minimum ranges.
However, the logD (octanol/water distribution) values for
these alkaloids are lower than the minimum threshold.
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Fig. 4 Radar view of the pharmacokinetic properties

Galanthamine, with a TPSA of 41.93 A2 and a logP of
0.797, demonstrates favorable absorption and permeability,
while its CLplasma of 6.176 ml/min/kg indicates moderate
clearance. In contrast, lycorine exhibits a higher TPSA of
62.16 A2 and a lower logP of -0.268, suggesting differences
in their distribution and solubility profiles. In terms of
metabolic interactions, galanthamine is identified as a
CYP2C19 substrate, whereas lycorine acts as a CYP2D6
inhibitor, which could influence their pharmacokinetic
behavior and drug-drug interactions.

The half-life (T1/2) of galanthamine is significantly longer
at 5.088 hours compared to lycorine’s 2.987 hours,
suggesting that galanthamine may provide more sustained
therapeutic effects. Additionally, while both compounds
show potential for drug-induced liver injury (DILI) and
carcinogenicity, lycorine has a higher AMES toxicity score,
indicating a greater risk of mutagenicity compared to
galanthamine (Table 2).

In the molecular docking analysis for malaria, the binding
affinities of galanthamine and lycorine were evaluated
against the food vacuole protein (PDB: 1YVB; Wang, et al.,
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2006), with galanthamine exhibiting a binding energy of -
6.09 kcal/mol and lycorine showing a stronger binding
energy of -6.54 kcal/mol.

Both compounds formed hydrogen bonds with the amino
acid residues MET(oa) and TYR(OC) for galanthamine,
while lycorine interacted with SER111 and MET(0A),
highlighting their distinct binding profiles; additionally,
both compounds demonstrated m-alkyl interactions with
PRO113, suggesting a favorable interaction with the target
protein that may enhance their potential as therapeutic
agents against malaria.

Table 2 Some ADMET parameters of the galanthamine (GAL)
and lycorine (LYC)

GAL LYC Limit value

TPSA 41.93 62.16 | Opt:0-140

logP 0.797 -0.268 | 0-3

logS -1.855 -2.767 | -4

QED 0.801 0.69 Drug-likeness score
>0.67

Caco-2 -4.313 -5.148 | <-5.15

Permeability

F50% 0.1 0.1 50% bioavalibity

PPB 21.3% 64.15 | Plasma protein binding
<90%

BBB 0.9 0.9 Blood brain barrier

CYP2C19 0.7-09 | - -

substrate

CYP2D6 - 09-1 |-

inhibitor

CLplasma 6.176 6.257 | 5-15 ml/min/kg
moderate

T1/2 5.088 2.987 | >4 short halflife drug 4-
8 intermediate

AMES 0.559 0.778 | 0(-) 1(+)

Toxicity

DILI 0.461 0.426 | Drug induced liver
injury 0 (-) 1(+)

Carcino- 0.726 0817 | 0(-)1(+)

genicity

hERG 0.358 0.209 | IC50<10uM

Blockers

The interaction of galanthamine and lycorine with the acyl
carrier protein synthase, which is essential (Figure 5) for the
function of acyl carrier proteins in covalently binding
nascent fatty acids during biosynthesis, was assessed using
molecular docking studies. The Protein Data Bank entry
PDB 2QG8 was utilized for this analysis (Nguyen, et al.
2022). The binding energies obtained were -5.29 kcal/mol
for galanthamine and -4.98 kcal/mol for lycorine, indicating
relatively low binding affinities. Given these values, it can
be concluded that the interaction between these alkaloids
and the acyl carrier protein synthase is insufficient to
suggest an active role, thereby indicating that galanthamine
and lycorine are unlikely to be effective in targeting this
protein for therapeutic purposes.

The molecular docking analysis of dihydroorotate
dehydrogenase, a crucial druggable target in the
mitochondria (PDB: 4PLT, Boucher, et al., 2014),
highlights its significant role in malaria pathogenesis,
particularly in electron transport and protein synthesis.
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Lycorine exhibits a notably stronger binding affinity to this
target, suggesting its potential as an effective therapeutic
agent. This enhanced binding is supported by the electron
density map from Gaussian calculations, confirming the
structural compatibility of lycorine with the target protein.
Additionally, key hydrogen bonds between lycorine and the
residues Asnl4, llel5, and Asnl27 were identified,
indicating specific interactions that may enhance its
efficacy in inhibiting the enzyme and disrupting malaria
pathogenesis. The molecular docking analysis of
dihydroorotate dehydrogenase, a crucial druggable target in
the mitochondria (PDB: 4PLT, Boucher, et al., 2014),
highlights its significant role in malaria pathogenesis,
particularly in electron transport and protein synthesis.
Lycorine exhibits a notably stronger binding affinity to this
target, suggesting its potential as an effective therapeutic
agent. This enhanced binding is supported by the electron
density map from Gaussian calculations, confirming the
structural compatibility of lycorine with the target protein.
Additionally, key hydrogen bonds between lycorine and the
residues Asnl4, llel5, and Asnl127 were identified,
indicating specific interactions that may enhance its
efficacy in inhibiting the enzyme and disrupting malaria
pathogenesis (Figure 6).

The molecular docking analysis targeting Plasmodium
CCT, a crucial enzyme involved in malaria lipid
biosynthesis, was conducted using the C-terminal catalytic
domain of Plasmodium falciparum CTP:phosphocholine
cytidylyltransferase (PDB: 4ZCR, Guca, et al. 2018).The
results indicated that lycorine engages in m-alkyl
interactions with the phenanthridine moiety of its structure,
while also forming hydrogen bonds with the oxygen atoms
present in the diol and dioxolo regions. In contrast,
galanthamine establishes hydrogen bonds with the
substituted oxygen atoms in its benzofuran framework,
alongside m-alkyl interactions with the azepine component
of its structure. These distinct binding interactions suggest
that both alkaloids may effectively inhibit Plasmodium
CCT, thereby contributing to their potential as therapeutic
agents against malaria.

The molecular docking results targeting Zika virus protease
(PDB: 5H6V) (Li, et al. 2017), and NS5 protein (PDB:
5TFR) (Upadhyay, 2017), indicate that lycorine exhibits a
significantly stronger binding affinity compared to
galanthamine. Specifically, the active binding site for
lycorine is identified as the phenanthridine-1,2-diol moiety,
which facilitates effective interactions with the target
proteins. In contrast, galanthamine's binding involves the
nitrogen atom in the azepine ring, which participates in
hydrogen bond formation (Figure 7). These findings suggest
that lycorine may serve as a more promising candidate for
the development of therapeutic agents against Zika virus,
given its enhanced binding efficacy and the critical role of
these proteins in the viral lifecycle.

We thoroughly examined the interactions of alkaloids with
the Dengue Virus NS2B/NS3 protease (PDB: 2FOM), a
critical target for dengue viral disease.
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Lycorine exhibited a binding energy of -7.76 kcal/mol,
indicating a stronger affinity than galanthamine, which had
a bhinding energy of -6.45 kcal/mol (Figure 8).
Galanthamine formed hydrogen bonds with Lys74 through
its benzofuran ring and Alal64 and Asn152 via its hydroxy
substituent. In contrast, lycorine established hydrogen
bonds with several residues, including Vall146, Gly87,
Trp83, Leul49, and Asnl52, in addition to interacting with
the oxygen atoms present in its molecular structure (Erbel,
et al. 2006).
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Fig. 8 Binding interaction visualization of target protein 2FOM
with the galanthamine (top), and lycorine (bottom) compounds

The molecular docking analysis targeting arginase from the
parasitic protozoa Leishmania, specifically Leishmania
mexicana (PDB: 4ITY), (D’Antonio, et al., 2013),
highlights its potential as a drug target for the treatment of
leishmaniasis. The results indicate that lycorine exhibits a
binding energy of -7.45 kcal/mol, demonstrating a stronger
affinity than galanthamine, which has a binding energy of -
6.10 kcal/mol. Both compounds interact with the active site
of the enzyme, with lycorine forming hydrogen bonds with
key residues such as Asn14, llel5, and Asn127.

In contrast, galanthamine's binding involves hydrogen
bonding with the nitrogen atom in the azepine ring (Figure
9).
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These findings suggest that lycorine may be a more
effective inhibitor of Leishmania arginase, potentially
disrupting polyamine biosynthesis essential for the
parasite's growth and survival. The final docking results for
the structure of Trypanothione Reductase from Leishmania
infantum, a human protozoan parasite belonging to the
Trypanosomatidae family, indicate significant binding
affinities for the selected compounds. The protein structure
analyzed is PDB: 2JK6 (Baiocco, et al. 2009), which
exhibited the highest binding energy values among the
target proteins  evaluated.  Specifically, lycorine
demonstrated a binding energy of -8.76 kcal/mol, while
galanthamine showed a binding energy of -8.49 kcal/mol.
These findings suggest that both compounds have strong
potential as inhibitors of Trypanothione Reductase, which
may contribute to their efficacy in treating leishmaniasis.

4. Discussion

These results indicate that zinc as a nutritional supplement
significantly enhances the concentration of alkaloids in
selected plant species. This finding aligns with previous
research demonstrating the role of zinc in promoting plant
growth and its involvement in activating transcription
factors that regulate alkaloid biosynthesis (Onyeonagu
2012). The synergistic effects observed when zinc is
combined with other nutrients further emphasize the need to
optimize nutrient management in agricultural practices to
maximize the production of secondary metabolites, such as
alkaloids, known for their pharmacological properties and
economic significance (Helander et al. 2016).

Table 3 Some global reactivity parameters of the alkaloids

Galanthamine Lycorine
HOMO(eV) -5.344 -5.651
LUMO(eV) -0.30 -0.370
Egap 5.314 5.282
(EA)* 0.30 0.370
(0* 2.687 3.010
(m* 2.657 2.641
(S)* 0.188 0.189

* 1; ionization potential (I =—Enowmo), A; electron affinity (A = —E_umo),
yelectronegativity (x = (I + A)/2), n;chemical hardness (n = (I-A)/2), S;
chemical softness (S = 1/2n).

The integration of Density Functional Theory (DFT)
calculations in the analysis of alkaloids provides valuable
understanding of their electronic properties and reactivity,
which are crucial for drug design (Jain et al. 2023).
Furthermore, lycorine exhibits higher electron affinity
(0.370 eV) and chemical softness (0.189) relative to
galanthamine, which has an electron affinity of 0.030 eV
and a chemical softness of 0.188. These properties indicate
that lycorine has a greater ability to accept electrons and a
more favourable interaction profile with biological targets
(Table 3). Consequently, these findings suggest that both
compounds may be effective as drug candidates, with
lycorine particularly well-positioned for further exploration
in treating viral and parasitic diseases.

Additionally, the electrostatic potential maps generated
from these calculations can elucidate the interaction sites
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and binding affinities of these alkaloids, enhancing our
understanding of their potential therapeutic applications.

The ADMET profiles of galanthamine and lycorine reveal
significant pharmacokinetic and toxicity characteristics that
are crucial for their potential therapeutic applications.
Galanthamine demonstrates favorable absorption and
permeability, with a TPSA of 41.93 A% and a logP of 0.797,
indicating its suitability for central nervous system (CNS)
targeting, which is essential for its role as an
acetylcholinesterase inhibitor in Alzheimer's disease
treatment (Sancha et al., 2023). In contrast, lycorine
presents a higher TPSA of 62.16 A2 and a lower logP of -
0.268, suggesting challenges in its distribution and
solubility profiles, which may limit its bioavailability (Bui,
2022). The pharmacokinetic parameters further differentiate
the two compounds; galanthamine has a longer half-life
(T1/2) of approximately 5.088 hours compared to lycorine's
2.987 hours, potentially allowing for more sustained
therapeutic effects in clinical settings (Zhang et al., 2021).

The low AMES toxicity score of galanthamine indicates a
reduced risk of mutagenic effects, thereby establishing a
favorable safety profile for long-term administration
(Shahid et al., 2016). This is particularly significant given
the chronic nature of diseases such as Alzheimer's, which
often necessitate prolonged therapeutic interventions,
especially in wvulnerable populations like the elderly.
Consequently, this finding strongly supports the continued
development of galanthamine as a therapeutic agent.
Conversely, while lycorine has demonstrated promising
anticancer efficacy, its toxicity profile warrants a
comprehensive investigation (Ali et al., 2013). A thorough
understanding of the underlying mechanisms of toxicity and
the establishment of safe dosage ranges is imperative to
ensure that the therapeutic benefits outweigh the potential
adverse effects. In-depth investigations into the toxicity of
lycorine using various in vitro and in vivo models can
provide valuable insights into its safety profile and guide its
development as a viable therapeutic option (Han et al.,
2013).
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In the context of drug discovery, computational methods
such as molecular docking have become instrumental in
predicting the binding interactions between potential
inhibitors and their target enzymes. The results presented
indicate the binding affinities of galanthamine and lycorine
compounds to the title proteins related to Zika virus,
malaria, leishmaniasis, and dengue as represented by the
PDB code 1YVB, 2FOM, 2JK6, 2QG8, 4ITY, 4PLT,
4ZCR, 5H6V, 5TFR with negative values reflecting
favourable binding interactions.

LYC

R
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2FOM = 2JK6
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a
%

1YVB 20GE = 4ITY

4PLT = 47CR = SHGV = 5TFR

Fig. 11 General aspect of the GAL, LYC against target proteins

When evaluating the binding affinities of the selected
alkaloids, galanthamine (GAL) and lycorine (LYC), against
the target proteins, GAL demonstrated a more favorable
binding profile, specifically against the target protein
2QG8, which is the apicoplast is a vital organelle in the
malaria parasite Plasmodium falciparum, playing a crucial
role in various metabolic processes essential for the
parasite's survival and development. However, for all other
proteins, LYC exhibited stronger binding affinities (Figure
10). As depicted in Figure 11, among the target proteins
analyzed, the best binding was observed for the protein with
the PDB code 2JK®.

5. Conclusion

This study demonstrates that zinc supplementation
significantly enhances alkaloid biosynthesis in Galanthus
elwesii, with optimal zinc doses of 2.5 kg/da for lycorine
and 5 kg/da for galanthamine. The molecular docking
studies conducted on various targets relevant to malaria,
leishmania, and viral diseases such as Zika and Dengue
provide significant information about the binding affinities
and potential therapeutic applications of the alkaloids
lycorine and galanthamine. The DFT analysis indicates that
lycorine possesses a smaller energy gap (Egap) of 5.282 eV
compared to galanthamine's 5.314 eV, suggesting greater
reactivity and potential as a therapeutic agent. While both
alkaloids exhibit promising binding affinities, particularly
to Trypanothione Reductase from Leishmania infantum
(PDB: 2JK®6), lycorine demonstrates superior binding
energy of -8.76 kcal/mol, indicating its potential
effectiveness ~ against  leishmaniasis. Conversely,
galanthamine, with a longer half-life (T1/2) of 5.088 hours
compared to lycorine’s 2.987 hours, and favorable ADMET
properties—such as a TPSA of 41.93 A2 and a logP of
0.797—remains a strong candidate for therapeutic
applications, particularly in conditions requiring sustained
effects. Overall, these findings underscore the therapeutic
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promise of both alkaloids, warranting further investigation
into their roles in treating viral and parasitic diseases.
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Ozet: Akciger kanseri, diinya genelinde kansere bagli ¢liimlerin 6nde gelen nedenidir. Ozellikle akciger kanseri hiicrelerine 6zgii,
etkili ve giivenli yeni terapétik stratejilerin gelistirilmesi kanser aragtirmalarinda bir 6nceliktir. Bu ¢aligma, A549 insan akciger
kanseri hiicre hatlarinda sorafenib ve Yalanci portakal olarak bilinen Maclura pomifera ekstresi kombinasyonunun sitotoksik ve
antioksidan etkilerini aragtirmaktadir. Bir multikinaz inhibitorii olan sorafenib, gesitli kanser tiirlerinin tedavisinde umut Vverici
sonuglar gostermistir. Ancak, kanser hiicreleri tarafindan gelistirilen direng ve yan etkiler nedeniyle terapdtik potansiyeli sinirli
kalmaktadir. Ozellikle Yalanci portakal gibi bitkilerden elde edilen dogal &zler, nemli antioksidan 6zellik gdsterir ve geleneksel
kemoterapi ilaglarinin etkinligini artirip toksisitesini azaltabilir. A549 insan akciger kanseri hiicre hatlar1 sorafenib, Yalanci
portakal ekstresi ve bunlarin kombinasyonunun gesitli konsantrasyonlari ile muamele edilmistir. Hiicre canhiligt MTT testi ile
degerlendirilirken, toplam oksidan durumu (TOS) ve toplam antioksidan durumu (TAS) seviyeleri dlciilmiistiir. Sorafenib ve
Yalanc1 portakal ekstresi kombinasyonu, tek basina sorafenib tedavisine kiyasla hiicre canliliinda 6nemli bir azalma gostermistir.
Ayrica, kombinasyon tedavisi toplam oksidan seviyelerinde onemli bir diisiise yol acarak antioksidan aktivitenin arttigin
gostermistir. Bu ¢alismanin bulgulari, sorafenib ve Yalanci portakal ekstresi kombinasyonunun A549 insan akciger kanseri hiicre
hatlarinda giiglii sitotoksik ve antioksidan etkiler sergiledigini gostermektedir. Bu kombinasyon tedavisi, akciger kanseri
tedavisinde daha etkili ve daha giivenli bir alternatif olma potansiyeline sahiptir ve daha ileri in vivo ¢aligmalar ve klinik denemeler
gerektirmektedir.

Anahtar Kelimeler: Akciger kanseri, Sorafenib, Maclura pomifera, Sitotoksisite, Antioksidan, A549 hiicre hatlari

The cytotoxic and antioxidant effects of sorafenib and osage orange extract combination in A549
cell lines

Abstract: Lung cancer is the leading cause of cancer-related deaths worldwide. Developing new therapeutic strategies that are
effective, safe, and specific for lung cancer cells is a priority in cancer research. This study investigates the cytotoxic and antioxidant
effects of a combination of sorafenib and Maclura pomifera extract, known as Osage orange, in A549 human lung cancer cell lines.
Sorafenib, a multikinase inhibitor, has shown promising results in the treatment of various types of cancer. However, its therapeutic
potential remains limited due to side effects and resistance developed by cancer cells. Natural extracts, especially those obtained
from plants such as Osage orange, show significant antioxidant properties and may improve the efficacy and reduce the toxicity of
conventional chemotherapy drugs. A549 human lung cancer cell lines were treated with various concentrations of sorafenib, Osage
orange extract, and their combination. Cell viability was evaluated by MTT assay, while the levels of total oxidant status (TOS)
and total antioxidant status (TAS) were measured. The combination of sorafenib and Osage orange extract demonstrated a
significant decrease in cell viability compared to sorafenib treatment alone. In addition, the combination treatment significantly
reduced total oxidant levels, indicating increased antioxidant activity. The findings of this study demonstrate that the combination
of sorafenib and Osage orange extract exhibits potent cytotoxic and antioxidant effects in A549 human lung cancer cell lines. This
combination therapy has the potential to be a more effective and safer alternative in the treatment of lung cancer, but further in vivo
studies and clinical trials are required.

Keywords: Lung cancer, Sorafenib, Maclura pomifera, Cytotoxicity, Antioxidant, A549 cell lines
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1. Giris

Akciger kanseri, tahminen 2 milyon tam1 ve 1,8 milyon
olimle kiiresel kanser insidanst ve mortalitesinin 6nde
gelen nedenidir. Akciger tiimorleri erkeklerde ve kadinlarda
(swrasiyla prostat ve meme kanserinden sonra) ikinci en
yaygin kanser teshisidir (Thandra ve ark. 2021). Kiigiik
hiicreli akciger karsinomu (KHAK) ve kii¢iik hiicreli dist
akciger karsinomu (KHDAK) olmak tizere iki ana grupta
smiflandirilan akciger kanserlerinde olgunlarin yaklasik
%801 kiigiik hiicreli dis1 akciger kanseri tanisi almistir
(Zheng, 2016). Radyoterapi, kemoterapi ve immiinoterapi
gibi yontemler akciger kanseri tedavisinde kullanilmakla
birlikte bu tedaviler kanserli hiicrelerle birlikte saglikli
hiicrelere de zarar verebilmektedir (Singh ve ark. 2018;
Sung ve ark. 2021). Son yillarda, protein kinazlar hiicresel
sinyal yollarinin temel bilesenleri olarak 6ne ¢ikmis ve bu
nedenle kanser tedavisinde ilag gelistirme siireglerinde en
onemli hedeflerden Dbiri haline gelmistir. Apoptozu
kolaylastirma, anjiyogenezi azaltma ve timdr hiicresi
cogalmasini baskilama yetenegine sahip olan sorafenib ¢ok
hedefli bir ajandir ve insan kiigiik hiicreli dig1 akciger
kanseri dahil olmak iizere gesitli timor tiirlerine kars1 giicli
antitlimdr etkilere sahip oldugu bildirilmistir (Dal Lago ve
ark. 2008; Zhangve ark. 2013; Tang ve ark. 2020).
Sorafenib tedavisine  karsi  gelisen  direng, kanser
tedavisinde onemli bir sorun teskil etmektedir. Direng
mekanizmalar1 arasinda, ila¢ hedeflerinde mutasyonlar,

alternatif ~ sinyal yollarinin  aktivasyonu ve ilag
metabolizmasinda degisiklikler yer alr. Bu direng
mekanizmalarinin  anlagilmasi, tedavi stratejilerinin
optimize edilmesi ve yeni terapotik yaklagimlarin

gelistirilmesi agisindan kritik 6neme sahiptir (Chan ve ark.
2024). Sorafenib direnci, ilag tasima  sistemlerinde
meydana gelen degisiklikler, metabolize edici enzimlerdeki
genetik polimorfizmler ve DNA onarimi, apoptoz ve otoliz
gibi  hiicresel siireglerin  yeniden yo6nlendirilmesiyle
iligkilidir (Cabral ve ark. 2020). Bu mekanizmalarin
anlasilmasi, tedavi stratejilerinin optimize edilmesi ve yeni
terapotik yaklasimlarin gelistirilmesi agisindan biiyiik 6nem
tagimaktadir. Bu direncin iistesinden gelmek
icin, sorafenib ile kombine tedavi segenekleri veya yeni
hedeflere yonelik ilaglarin gelistirilmesi gereklidir (Zhao ve
ark. 2023). Giintimiizdeki tedavi yontemlerinin olumsuz
yanlar1 nedeniyle, alternatif tedavi stratejilerine yonelik
aragtirmalar son yillarda bilylik bir ivme kazanmistir.
Ozellikle, bitki ekstraktlarmin kullamldig: bitkisel terapi
teknikleri, son yillarda ilgi géren tedavi yontemleri arasinda
On plana ¢ikmaktadir (Mukherjee ve ark. 2001; Solowey ve
ark. 2014). Halk arasinda Yalanci portakal olarak bilinen
Maclura pomifera (Rafin.) Schneid, Moraceae familyasina
ait bir bitki olup bitkinin meyve, kabuk, yaprak, tohum ve
koklerinin sahip oldugu fitokimyasal profili sebebiyle
bilimsel ¢aligmalarda kullanilmaktadir (Smith ve ark. 1981;
Filip ve ark. 2015; Filip ve ark. 2021). M. pomifera
bilesenleri sitotoksik, antitiimor, antibakteriyel, dstrojenik,
antifungal, antiviral ve antimalaryal aktiviteler dahil olmak
lizere ¢esitli biyolojik aktivitelere sahiptir (Barnes ve ark.
1955; Kupeli ve ark. 2006; Lakornwong ve ark. 2022).
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Bu calismada, farkli dozlarda M. pomifera bitkisine ait
meyve ekstresi ve sorafenib kombinasyonunun insan
akciger kanser hiicre hatlarnt  (A549) iizerindeki
antisitotoksik ve antioksidan etkileri arastirilmigtir. Akciger
kanserinin ~ sorafenibe  duyarliligint  gelistirmek  ve
sorafenibin  antitim6ér ve antioksidan  aktivitesini
iyilestirmek icin etkili bir strateji olmasi bakimindan M.
pomifera bitkisine ait meyve ekstresi (MPME) ile sorafenib
(SRB) birlikte kullanilmistir. Sorafenib ve Yalanci portakal
meyve ekstresinin kombinasyonunun akciger hiicre hatlar
iizerinde kullanimina ait literatiire rastlanmamis olmasi bu
¢alismanin 6zgiinliigii agisindan 6nemlidir.

2. Materyal ve Metot
2.1. A549 Hiicre Kiiltiirii

Calismada sorafenib ve Yalanci portakal ekstresi
kombinasyonunun sitotoksik ve antioksidatif etkinligi A549
(ATCC- HB-8065) insan akciger kanser hiicre hatlarinda in
vitro olarak arastirilmistir. Hiicreler %10 FBS ve %1

penisilin-streptomisin  ile desteklenmis Roswell Park
Memorial Institute (RPMI)-1640 ortaminda CO3
inkiibatoriinde %5 CO2 ve 37°C sicaklik altinda

nemlendirilmis bir atmosferde biiytitilmiistiir. Hiicreler
yapisik tek tabakalar halinde biyiitiilmiis ve doniistimli
olarak her giin beslenmis ve hiicreler yaklasik %380
konfluensiye ulastiginda pasajlanmaistir.

2.2. Stok Cozeltilerin Hazirlanmast

Bir¢ok farkli kanser tiiriinde etkili bir goklu kinaz inhibitorii
olup kimyasal formiili Cz1H1sCIFsN4Os olan sorafenibin
(SRB, Sigma- Aldrich) %50 inhibisyon konsantrasyonu
(ICs0) olarak belirlenen 9,9 puM’lik (umol/L) dozu
kullanilmistir. Calismada kullanilan Eskisehir ilinden 2016
yilinda toplanip kurutulan Maclura pomifera (Rafin.) bitki
ornekleri manyetik 6giitiicii ile toz haline getirilmistir. 10 g
alinan bitki 6rnegi 100 mL %70’lik metanol kullanilarak
oda sicakliginda bir gece bekletilmis ve siiziildiikten sonra
evaporasyon iglemine alinmigtir. Maclura pomifera
bitkisinin meyvelerine ait dziitten (MPME) 50, 100 ve 200
ug/mL ¢alisma dozlar1 hazirlanarak +4°C’de saklanmustir.

2.3. Hiicre Sayumi ve MTT Analizi

MTT analizi Oncesinde, flasklarin %80’ini kaplamis
hiicreler tripsinize edilmistir. 96 kuyucuklu plaklara 10*
canli hiicre/kuyucuk seklinde Trypan mavisi ile canliliklari
belirlenen hiicrelerden ekim yapilmig ve 24 saat
inkiibasyona birakilmigtir. Siire sonunda hiicreler SRB,
MPME ve SRB+MPME uygulama gruplarini olusturacak
sekilde SRB (9,9 uM) ile MPME’nin segilen ii¢ farkl
dozuna (50; 100; 200 png/mL) 24, 48 ve 72 saat siire ile
maruz birakilmistir. Siire sonunda hiicrelerin canliligini ve
proliferasyonunu 6l¢mek i¢in MTT Hiicre Proliferasyon
Kiti (Roche Applied Science) kullanilmistir. MTT (3-(4,5-
dimetiltiazol-2-il)-2,5-difeniltetrazolyum  bromiir), sari
renkli bir tetrazolyum tuzudur. Bu tuz, canli hiicrelerde
bulunan mitokondriyal dehidrogenaz enzimleri tarafindan
metabolize edilerek formazan adi verilen mor renkli bir
tirtine donistiiriiliir. Canli hiicrelerin metabolik aktivitesi,
MTT’nin indirgenmesiyle Olgiilir. Hiicreler ne kadar
aktifse, o kadar cok MTT indirgenir ve daha fazla mor
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formazan kristalleri olusur. MTT Hiicre Proliferasyon Kiti
prosediirii takip edilerek her bir kuyucuktaki hiicrelerin 570
nm’de absorbans degerleri Biotek ELISA mikroplaka
kullanilarak belirlenmistir. Hiicrelerin % canlilik degerleri,
absorbans degerleri kullanilarak asagidaki formiile gore
belirlenmistir.

Hiicre canlilig1 (%) = (Tedavi edilen hiicrelerin absorbansi/
Kontrol hiicrelerinin absaorbansi) x 100

2.4. Total Oksidan Aktivite ve Total Antioksidan Kapasite
Analizi

6 kuyucuklu plaklara 5x10* canli hiicre/kuyucuk seklinde
Trypan mavisi ile canliliklar belirlenen hiicrelerden ekim
yapilmis ve 24 saat inkiibe edilmistir. Siire sonunda hiicreler
aynt dozlarda SRB, MPME ve SRB+MPME ile muamele
edilmis hiicrelerde gozlenen olasi toksik etkinin antioksidan
sistemlerin down regiilasyonu ile iligkili olup olmadigim
belirlemek i¢in yapilan biyokimyasal analizler igin Rel
Assay Diagnostics firmasina ait Total Oxidant Status (TOS)
Assay Kit ve Total Antioxidant Status (TAS) Assay Kit
kullanilamigtir. TOS/TAS oranini ifade eden oksidatif stres
indeksi (OSI) de hesaplanmigtir. Spektrofotometrik
Olciimler TOS i¢in 530 nm ve TAS icin 660 nm dalga
boyunda yapilmistir.

2.5. Istatiksel Analizler

IBM SPSS Statistics software (SPSS v.22) hazir paket
programi kullanilarak verilerin istatistiksel analizi igin
gerceklestirilmistir. U¢ kez tekrarlanan uygulamalarda
SRB, MPME ve SRB+MPME dozlarinin sitotoksite ve
oksidatif parametre verileri degerlendirilirken statistiksel
anlamlilik degeri p<0,001 olarak kabul edilmistir.
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uygulanmasi sonucunda hiicre canlilik oranit %76+0,01
olarak go6zlenmistir. Bu sonug¢ kontrole gore istatistiksel
olarak anlamlidir (p<0,001).

a

99 UM SRB 50 ug/mL 100 pg/mL 200 pug/mL M 9uM  9uM
MPME ~ MPME  MPME SRB450  SRB+100  SRB+200

ug/mb pg/mb pg/ml

MPME  MPME  MPME

% Hiicre canlihig
=
3

Kontrol

Uygulama Gruplari

b

9,9 M SR8 50 pg/mL 100 pg/mL. 200 pg/ml.
MPME  MPME  MPME

% Hiicre Canhilig

9uMm 9uMm 9uMm
SRB+50  SRB+100  SRB+200
pg/mL  pg/mL pg/ml
MPME  MPME  MPME

Kontrol

Uygulama Gruplan

C
3. Bulgular
o)
3.1. A549 Hiicre Hatt1 I¢in ICso Degerlerinin Belirlenmesi
1
Caligmada kullanilan sorafenib (SRB) ile Maclura pomifera
(Yalanc1 portakal) ekstresinin (MPME) A549 hiicre hatti @
tizerinde ayr1 ayr1 ve kombine bir sekilde sitotoksik etkisini % "
belirlemek {izere uygulanan MTT analizi sonucunda 8
belirlenen ICsp degerleri Tablo 1°de verilmistir. Ew
3
Tablo 1. A549 hatlarina SRB ve MPME uygulamasi sonunda 24, ;Ie 0
48 ve 72 saatleri igin ICso degerleri
0
Doz (nM) 1Cso Kontrol 99MSRB 50 g/l 100pig/ml 200 g/l oM 9 9
NPME  MPVE  MRVE RBS0 SRBHIOD SRBHIDD
Tedaviler ; M. pomifera b el gl
Sorafenib : MPNE  NPME WP
ekstresi
Siire Hiicre (S R B) (M PM E) Uygulama Gruplan
24h A549 >9,9 uM >200 pg/mL Sekil 1. A549 hiicrelerinde a) 24 saatlik b) 48 saatlik ve c) 72
saatlik sitotoksisitenin belirlenmesi
48h A549 >9,9 uM 183+0,01pug/mL
A549 hiicre hattinda 24 saat boyunca MPME’nin artan
72h A549 4,9+1,27 uM 89+0,12 pg/mL dozlarda (50; 100 ve 200 pg/mL) tek basina uygulanmasi

3.2. A549 Hiicre Hatti I¢in MTT Test Bulgulari

Belirlenen konsantrasyon degerleri ile 24 saat
inkiibasyonun ardindan yapilan canlilik belirlemelerinin
sonuglar1 Sekil 1a’da gosterilmektedir. A549 hiicre hattinda
24 saat boyunca SRB (9,9 uM) bilesiginin tek basina
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sonrast  gozlenen canlilk oranlar1 ise sirasiyla
%89,2340,15; %83,12+0,24; %380,42+1,28°dir. ~ Tiim
dozlarda gozlenen canlilik oranlar1 kontrole gore

istatistiksel olarak oOnemlidir (p<0,001). A549 hiicre
hattinda 24  saatlik SRB+MPME  kombinasyon
uygulamalar1 (9,9 uM SRB+50 pg/mL MPME, 9,9 uM
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SRB+100 pg/mL. MPME ve 9,9 uM SRB+200 pg/mL
MPME) sonucu belirlenen canlilik oranlar1 sirasiyla
%81,440,75; %79,76+0,12; %75,13+1,01 seklinde olup
gozlenen canlilik oranlart tiim dozlarda kontrol grubuna
gore istatistiksel olarak anlamlidir (p<0,001).

A549 hiicre hattinda 48 saat boyunca SRB (9,9 puM)
bilesiginin tek basina uygulanmasi sonucunda hiicre canlilik
orani %59,17+0,56’dir (Sekil 1b). Bu sonug kontrole gore
istatistiksel agidan anlamhidir (p<0,001). A549 hiicre
hattinda 48 saat boyunca MPME’nin artan dozlarda (50;
100 ve 200 pg/mL) tek basna uygulanmasi sonrasi elde
edilen canlilik oranlarn ise sirasiyla %73,47+0,24;
9%58,14+0,6; %49,24+1,01 olup gozlenen canlilik oranlar
tim dozlarda kontrol grubuna gore istatistiksel acidan
onemlidir (p<0,001).

A549 hiicre hattinda 48 saatlik SRB+MPME kombinasyon
uygulamalar1 (9,9 pM SRB+50 ug/mL MPME, 9,9 uM
SRB+100 pg/mL. MPME ve 9,9 uM SRB+200 pg/mL
MPME) sonucu canlilik oranlar1 sirasiyla %65,48+0,14;
9%53,14+0,8; %46,35+1,25°dir ve gdzlenen bu oranlar tim
dozlarda kontrole gore istatistiksel agidan anlamlidir
(p<0,001). A549 hiicre hattinda 72 saatlik SRB (9,9 uM)
bilesiginin tek basina uygulanmasi sonucu hiicre canlilik
orani %44,10+0,23’¢ ¢ikmistir (Sekil 1c). Bu sonug
kontrole kiyasla istatistiksel olarak 6nemlidir (p<0,001).
A549 hiicre hattinda 72 saatlik MPME’nin artan dozlarda
(50; 100 ve 200 pg/mL) tek basina uygulanmasiyla elde
edilen canlilik oranlari ise sirasiyla %56,11+0,25;
%47,70+0,02; %39,50+0,30 olup tiim dozlarda gbzlenen bu
oranlar kontrol grubuna gore istatistiksel agidan anlamlidir

(p<0,001).

3.3. Oksidatif Parametre Bulgulari

A549 hiicrelerinde SRB+MPME kombinasyonunun toplam
oksidan kapasitesi (TOS), toplam antioksidan kapasitesi
(TAS) ve toplam oksidatif stres indeksleri (OSI) Sekil 2°de
gosterilmistir. Elde edilen verilere gére SRB+MPME
uygulama gruplarinda SRB’nin tek basina kullanildig:
gruba gore TAS degerlerini artirtp TOS degerlerinde
belirgin bir diisiise yol agmasi artan antioksidan aktiviteyi
isaret etmistir. Oksidatif parametre degerleri bakimindan
kontrole gore gozlenen bu farkliliklar istatistiksel olarak
anlamli bulunmugtur (p<0,001).

4. Tartisma

Akciger kanseri hiicrelerinin metastatik ilerlemesindeki
farklt hedefler arasinda ¢ok seviyeli ¢apraz reaksiyonlar
tanimlanmistir ve bir hedefin baskilanmasi, digerlerinin
tiimor hiicreleri i¢in immiin kagis molekiiler mekanizmalari
olarak hareket etmesine izin verir (Jiang ve ark. 2017). Iki
veya daha fazla antikanser ajandan olusan kombinasyon
tedavisinin, tek hedefli ajanlara kiyasla tiimor ilerlemesini
engellemede daha etkili oldugu diistiniilmektedir (Li ve ark.
2013).

Reseptdr tirozin kinazlar kanser gelisiminde onemli rol
oynar ve spesifik terapdtik yaklasimlar i¢in etkili hedefler
sunar. Bir¢ok c¢alisma, ¢oklu kinaz inhibitérii ve giiglii bir
antikanser etkisi gosteren yeni bir oral bis-aril {ire bilesigi
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olan sorafenibin, protein kinazlar1 hedefleyerek tiimor
biiylimesini engelleyebilecegini 6ne siirmektedir (Jane ve
ark. 2006; Zhang ve ark. 2012).

Sorafenib tedavisinin olumsuz yan etkileri nedeniyle, yeni
terapétik stratejiler sorafenib tedavisinin kritik kusurlarini
iyilestirmek i¢in sorafenibin dogal ilaglarla birlestirilmesine
odaklanmustir (Smit ve ark. 2010). Bir bitki flavonu olan
apigeninin, kromozomal sapmalar ve mikroniikleus, reaktif
oksijen tiirleri (ROS) ve reaktif nitrojen tiirleri (RNS),
oksidatif ve DNA hasari, lipid peroksidasyonu ve hepato-
renal hasarlarda artis ve antioksidan enzimlerde azalma ile
karakterize genetik, oksidatif ve doku hasarlarina neden
olan sorafenib ile kombine edilerek Swiss albino fareleri
iizerinde yapilan bir c¢alismada sorafenib kaynakli
toksisiteye karsi koruyucu etkileri oldugu ve yan etkilerini
azaltmak ve etkinligini artirmak i¢in sorafenib ile kombine
edilebilecegini gostermektedir (Singh ve ark. 2022).
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Sekil 2. A549 hiicre hattinda SRB+MPME kombinasyonunun
oksidatif stres parametre verileri a) TAS b) TOS c¢) OSI
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At kestanesi tohumlarindan elde edilen pentasiklik bir
triterpene olan escin ile sorafenib kombinasyonunun A549
and NCIH460 akciger kanseri hiicrelerinin GO/G1 fazinda
ge¢ apoptozu indiiklemek icin otofajiyi sinerjik olarak
inhibe ettigi Dbildirilmigtir (Hussain ve ark. 2023).
Kurkuminin polimerik nanopartikiil formiilasyonu olan
NanoCurcumin, insan hepatoseliiler karsinom modellerinde
timor biliylimesini ve akciger metastazlarint etkili bir
sekilde inhibe ederek klinik gelisim igin potansiyel
sunmakta, ayrica sorafenib ile kombinasyon halinde timdor
biiylimesini ve metastaz1 engellemektedir (Hu ve ark.
2015). Sentetik sorafenib, poli (laktik-ko-glikolik asit) ve
dogal kurkumini birlestiren bir nanoformiiliin, kiigiik
hiicreli olmayan akciger kanseri A549 hiicre hatlarinda
onemli apoptozu indiikleyebilecegini ve biiylimeyi inhibe
edebilecegi ifade edilmistir (El-Hamawi ve ark. 2023).
Quercetinin, EGFR C797S mutasyonunu barindiran kiigiik
hiicreli dis1 akciger kanseri hiicrelerinde timor biiylimesini
etkili bir gekilde inhibe ederek iigiincii nesil tirozin kinaz
inhibitorlerine kars1 kazanilmig direng icin potansiyel bir
tedavi gorevi gordiigi vurgulanmistir (Huang ve ark. 2021).
Benzer sekilde, bufalin ile kombinasyon halinde sorafenibin
NCI-H292 insan kiiglik hiicreli olmayan akciger kanseri
hiicrelerinde tek basina sorafenib veya bufalin tedavisinden
daha giiclii sitotoksik etki ve hiicre apoptozu gosterdigi
belirtilmistir (Kuo ve ark. 2022). Baska bir calismada,
erastin ve sorafenib ile temsil edilen ferroptoz
indiikleyicileri, ilerlemis kiiglik hiicreli dis1 akciger
karsinomlu hastalarin sagkalimmna fayda sagladigi veya
hatta sisplatin bazli ¢ok kiirlii kemoterapi tedavisinin
basarisizligini takiben KHDAK tedavisi i¢in yeni bir bakis
acist sagladigr bildirilmistir (Li ve ark. 2020). Yine, B-
iyonon ve sorafenibin antioksidan etkiler, sinyal
yolaklarmin modiilasyonu ve ila¢ direncinin {stesinden
gelme gibi cesitli mekanizmalar yoluyla hepatoseliiler
karsinoma kars1 potansiyel kemoterapotik etkilere sahip
oldugunu gosteren literatiir mevcuttur (Abd-Elbaset ve ark.
2020).

Bu c¢aligmada, sorafenib ve Maclura pomifera (Yalanci
portakal) meyve ekstresinin diisiik dozlarda ve kisa siireli
kombinasyon halinde uygulanmasinin, tiimdr hiicrelerinin
canliligim tek bagina kullanilan dozlardan daha etkili bir
sekilde azaltmasiin ve antioksidan aktivite géstermesinin
literatiirle uyumlu oldugu goriilmektedir.

5. Sonug¢

Sonug olarak, bu calisma, sorafenib ve Yalanci portakal
(Maclura pomifera) meyve ekstresinin  A549 akciger
kanseri hiicre hatlar1 {izerinde belirgin sitotoksik ve
antioksidan etkiler gdsterdigini ortaya koymustur.
Kombinasyon tedavisi, sorafenibin tek basma kullanimina
kiyasla hiicre canliligini daha etkili bir sekilde azaltmis ve
oksidatif stres seviyelerini belirgin bigimde diigiirerek
antioksidan aktiviteyi artirmistir. Bu bulgular, sorafenib ile
Yalanc portakal ekstresi kombinasyonunun akciger kanseri
tedavisinde daha etkili ve giivenilir bir segenek
olabilecegini one siirmektedir. Bununla birlikte, bu
sonuglarin gegerliligini desteklemek i¢in daha fazla in vivo
arastirma ve klinik ¢aligsmalar gereklidir.
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Yazarlarin katkilari: HK: Verileri topladi ve analiz etti,
makalenin ilk taslagini yazdi ve son versiyonunu hazirladi.
TA: Verileri topladi ve analiz etti, sekilleri ¢izdi, ilk taslagi
yazdi. DAC: Projeyi tasarladi, verileri topladi ve analiz etti,
ilk taslagi ve makalenin son versiyonunu gézden gegirdi.

Cikar catismasi beyani: Tiim yazarlar herhangi bir ¢ikar
catismasi olmadigini beyan eder.
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Abstract: Limonene, in its racemic form (+/-), is a naturally occurring cyclic monoterpene and the primary component of citrus
peel oil, known for its chemopreventive (cancer-preventive) and antitumor properties. Conformational analysis and geometric
optimization of specific limonene derivatives (limonene, carvone, and 4-Methyl-beta-methylenecyclohex-3-en-1-ethyl acetate)
were initially performed using ArgusLab 4.0.1 software with PM3 semi-empirical quantum mechanical calculations. Geometries,
geometric, and thermodynamic parameters of the compounds were obtained based on their most stable conformations. The
geometry energies of the compounds were found to be 62.2637567520 au, -52.6142315455 au, and -84.0390055928 au,
respectively. The optimized compounds' HOMO-LUMO frontier orbital energies, molecular electrostatic potential (MEP), solvent
surface distribution, UV spectrum values, ZDO and Mulliken charges, as well as dipole moment values, were also calculated using
ArgusLab 4.0.1 software.

Keywords: ArgusLab, Limonene, Carvone, PM3, HOMO-LUMO, UV

Arguslab yazilimu ile yari-empirik (PM3) metodu kullanilarak limonen bilesiklerinin yapisal
ozellikleri iizerine hipotetik bir ¢aliyma

Ozet: Limonen, rasemik formda (+/-), dogal olarak olusan bir dongiisel monoterpen olup, turunggil kabugu yaginin birincil
bilesenidir ve kemopreventif (kanser 6nleyici) ve antitimér dzellikleriyle bilinir. Belirli limonen bilesiklerinin (limonene, karvon
ve 4-Metil-beta-metilensikloheks-3-en-1-etil asetat) ilk olarak, konformasyon analizi ve geometrik optimizasyonu, ArgusLab 4.0.1
yaziliminda PM3 yari-empirik kuantum mekanik hesaplamalari kullanilarak ger¢eklestirilmistir. Bilegiklerin en kararli yapilari
kullanilarak geometrileri, geometrik ve termodinamik parametreleri elde edilmistir. Bilesiklerin geometri enerjileri sirasiyla
62.2637567520 au, -52.6142315455 au, ve -84.0390055928 au, bulunmustur. Optimizasyonu yapilan bilesiklerin HOMO-LUMO
sinir orbital enerjileri, molekiiler elektrostatik potansiyeli (MEP), ¢6ziicii yiizey dagilimi, UV spektrumu degerleri ZDO ve Muliken

yiikleri ve dipol momendt degerleri de ArgusLab 4.0.1 yazilimiyla hesaplanmustir.

Anahtar Kelimeler: ArgusLab, Limonen, Karvon, PM3, HOMO-LUMO, UV

1. Introduction

ArgusLab is a widely used software in molecular modeling
and computational chemistry, supporting various semi-
empirical methods to study the electronic properties of
molecular structures (Thompson 2004). Through molecular
orbital calculations and energy minimization processes, it
has the potential to provide insights into the electronic
transitions of organic molecules. These electronic
transitions, particularly in molecules excited by light
absorption in the UV-Vis region, are associated with

© EJBCS. All rights reserved.

transitions from the ground electronic state (So) to the
excited state (Si), and are typically dependent on the
HOMO-LUMO energy gap (Mortimer 2000). ArgusLab, a
computational chemistry software, is commonly used for
molecular modelling and drug design, particularly in ligand-
receptor interactions. The program provides a graphical user
interface (GUI) for building and visualising molecules,
running molecular mechanics calculations, and performing
semi-empirical quantum chemistry simulations (Laxmi
2014; lkpeazu and Otuokere 2017; Iscan 2023). PM3
(Parametric Method 3) is a semi-empirical quantum
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Limonene, 22311

Fig. 1 The names of the compounds and their PubChem ID numbers

chemistry method for studying molecular structures. It was
developed to calculate the electronic structure of molecules
and is mainly applied to organic molecules for determining
energy levels, binding energies, and molecular orbital
analyses (Laxmi 2016). DFT calculations for (R)-limonene
and (S)-limonene revealed that the HOMO-LUMO energy
gaps are 6.679 eV and 6.705 eV, respectively, and that UV
absorption is associated with transitions from HOMO to
LUMO, indicating that the two enantiomers exhibit
comparable reactivity and stability (EL Quafy et al. 2021).
The 2D representations of the compounds obtained from
PubChem are shown in Fig. 1.

2. Materials and Method

ArgusLab software was employed on a Windows-based
computer for all conformational analysis and geometry
optimization research. Advances in computing have
enabled numerous tools for model building, structure
minimization, and molecular representation (Martin 1998;
Cruciani et al. 1998; Dunn and Hopfinger 1998). After
generating the compound's structure with ArgusLab, the
semi-empirical Parametric Method 3 (PM3)
parameterization was used to complete the minimization
process (Dewar et al. 1985; James and Stewart 1989). The
minimum potential energy was calculated using the

Table 1 Atomic coordinates of 7439 compound

geometry convergence function in ArgusLab software. The
generated surfaces were designed to illustrate properties of
both the ground state and excited states, including orbitals,
electron densities, spin densities, and electrostatic potentials
(ESP). Grid data were also produced to create molecular
orbital surfaces, which depict the molecular orbitals and
map the electrostatic potential onto the electron density
surface. The geometry convergence map was utilized to
determine the minimum potential energy of limonen
derivitates (Thomson 1994, 1995, 1996) Finally, the
solvent-accessible surface and UV-visible spectra were
generated using the ArgusLab software.

3. Results and Discussion

Using the ArgusLab program with the PM3 method,
geometry optimization, HOMO-LUMO, MEP (molecular
electrostatic potential) energies, UV, and solvent-accessible
surface area calculations were performed sequentially on
the compounds. Tables 1,2 and 3 provide the atomic input
data for the computation above.

The minimum geometrical energy and SCF energy values
calculated using ArgusLab 4.0's RHF/PM3 method are
detailed in Tables 4, 5 and 6. Table 7 presents the final
minimum geometrical energy and SCF energy values

10 2.058974 1.907818 -0.208963
2C -0.901563 -0.071314 -0.32127
3C -0.098907 1.046649 0.347208
4C -0.366369 -1.439868 0.11378
5C -2.371389 0.05708 -0.011295
6C 1.375139 0.923327 0.001594
7C 1.113644 -1.530508 0.001868
8C 1.9255 -0.46404 -0.047952
9C -3.261803 0.24575 -1.190597
10C 3.401657 -0.615646 -0.156851
11C -2.854127 0.008122 1.230245
12H -0.760971 0.020803 -1.427418
13H -0.206026 0.998182 1.450167

158

14H -0.499955 = 2.034432 0.046527
15H -0.839892 @ -2.235162 -0.494763
16H -0.650306 = -1.652885 1.166001
17H 1.530653 | -2.545856 -0.024922
18H -2.988732 | 1.157925 -1.73915
19H -3.168828 | -0.600755 -1.884998
20H -4.319363 = 0.330788 -0.908441
21H 3.711691 | -1.668344 -0.194286
22H 3.904055 | -0.149202 0.701324
23H 3.775796 | -0.123568 -1.065066
24H -3.91346 0.101883 1.452822
25H -2.22442 -0.12661 2.106436
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Table 2 Atomic coordinates of 22311 compound

Atoms number X y z Atoms number X y z
1C 0.719 -0.043 -0.366 14H 0.347 2.043 -0.748
2C 0.042 -1.208 0.353 15H 0.333 1.665 0.967
3C 0.038 1.284 -0.018 16H -1.936 -1.968 0.697
4C -1.441 -1.299 -0.017 17H -1.54 -1.757 -1.009
5C -2.14 0.038 -0.038 18H -2.0 2.14 -0.019
6C -1.46 1.197 -0.022 19H -3.979 -0.542 -0.97
7C 2.167 0.006 0.013 20H -4.078 1.001 -0.11
8C -3.639 -0.002 -0.08 21H -4.031 -0.511 0.807
9C 3.15 -0.17 -1.107 22H 3.007 -1.142 -1.59
10C 2.563 0.197 1.28 23H 3.016 0.617 -1.857

11H 0.624 -0.208 -1.448 24H 4.187 -0.122 -0.757
12H 0.113 -1.096 1.444 25H 3.617 0.23 1.536
13H 0.532 -2.158 0.105 26H 1.861 0.323 2.097

Table 3 Atomic coordinates of 61781 compound

10 -2.287 -0.291 0.224 17H 1.245 1.531 -1.819
20 -4.259 -0.195 -0.976 18H 0.509 -0.872 1.665
3C 0.597 0.416 -0.064 19H 1.368 0.628 1.986
4C 1.675 1.12 -0.896 20H 3.659 0.751 -1.626
5C 121 -0.148 1.228 21H 2.491 -0.489 -2.083
6C 2.812 0.16 -1.258 22H 2.89 -1.454 1.827
7C 3.256 -0.713 -0.112 23H -2.643 1.719 -0.053
8C -0.542 1.341 0.244 24H -1.825 0.899 -1.401
9C 2.53 -0.831 1.013 25H 4.802 -2.07 0.564
10C -1.889 0.965 -0.308 26H 5.372 -0.733 -0.445
11C 4.552 -1.444 -0.299 27H 4.496 -2.095 -1.178
12C -0.364 2.462 0.959 28H -1.193 3.13 1.169
13C -3.502 -0.758 -0.196 29H 0.605 2.751 1.351
14C -3.788 -2.084 0.442 30H -3.822 -1.972 1.528
15H 0.225 -0.431 -0.659 31H -3.021 -2.807 0.153
16H 2.101 1.968 -0.344 32H -4.76 -2.45 0.098

Table 4 SCF is performed by computing SCF using a single electron matrix. (for 7439).

1 -28.421599 15 -61.618344575 | -0.94631 29 -62.26375675 -1.71912e-09
2 -42.042046254 | -13.6204 16 -62.184404656 | -0.56606 30 -62.263756751 | -8.38327e-10
3 -35.39518615 6.64686 17 -62.263291329 | -0.0788867 31 -62.263756752 | -4.1905e-10
4 -48.633214241 | -13.238 18 -62.263682109 | -0.00039078 32 -62.263756752 | -2.1214e-10
5 -49.287915631 | -0.654701 19 -62.263741203 | -5.90934e-05 | 33 -62.263756752 | -1.08344e-10
6 -48.939737512 | 0.348178 20 -62.263751879 | -1.06761e-05 | 34 -62.263756752 | -5.28075e-11
7 -50.153658701 | -1.21392 21 -62.263755358 | -3.47896e-06 | 35 -62.263756752 | -3.10365e-11
8 -51.518937971 | -1.36528 22 -62.263756196 | -8.3808e-07 36 -62.263756752 | -1.54614e-11
9 -52.886295528 | -1.36736 23 -62.26375656 -3.64217e-07 | 37 -62.263756752 | -8.35598e-12
10 -53.336277249 | -0.449982 24 -62.263756675 | -1.14928e-07 | 38 -62.263756752 | -2.67164e-12
11 -54.270082974 | -0.933806 25 -62.263756719 | -4.39574e-08 | 39 -62.263756752 | -2.38742e-12
12 -55.344065994 | -1.07398 26 -62.263756737 | -1.80694e-08 | 40 -62.263756752 | -1.98952e-12
13 -57.801898402 | -2.45783 27 -62.263756745 | -7.88867e-09 | 41 -62.263756752 | -4.54747e-13
14 -60.672034561 | -2.87014 28 -62.263756749 | -3.61348e-09 | 42 -62.263756752 | -1.13687e-13
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Table 5 SCF is performed by computing SCF using a single electron matrix. (for 22311).

Cycle
1

© 00 N o o b~ w N

=
o

11

Energy (au)
-21.768358

-33.511036521
-33.687344085
-40.157009475
-42.170399431
-43.695639593
-46.555932456
-51.301611257
-52.388557151
-52.594216425
-52.613248118

Difference

-11.7427
-0.176308
-6.46967
-2.01339
-1.52524
-2.86029
-4.74568
-1.08695
-0.205659
-0.0190317

Cycle
12

13
14
15
16
17
18
19
20
21
22

Energy (au)
-52.614096137

-52.614182752
-52.614219586
-52.614227839
-52.614230464
-52.614231212
-52.61423144

-52.614231512
-52.614231534
-52.614231541
-52.614231544

Difference
-0.000848019

-8.66152e-05
-3.68342¢-05
-8.25274e-06
-2.62523e-06
-7.47557e-07
-2.28267e-07
-7.13664e-08
-2.2776e-08

-7.01203e-09
-2.75202e-09

Cycle
23

24
25
26
27
28
29
30
31
32

Energy (au)
-52.614231545

-52.614231545
-52.614231545
-52.614231545
-52.614231545
-52.614231546
-52.614231546
-52.614231546
-52.614231546
-52.614231546

Table 6 SCF is performed by computing SCF using a single electron matrix. (for 61781).

© 00 N O O B~ W N P

I A ol e
AW N BB O

15

-35.146201

-56.182071326
-50.861912527
-60.508370615
-65.780687604
-68.604417017
-71.524265504
-73.109617973
-72.822269136
-71.184165227
-71.084101598
-72.712369973
-74.735430973
-79.976575556
-83.367893881

-21.0359
5.32016
-9.64646
-5.27232
-2.82373
-2.91985
-1.58535
0.287349
1.6381
0.100064
-1.62827
-2.02306
-5.24114
-3.39132

16
17
18
19
20
21
22
23
24
25
26
27
28
29

-83.944417148
-84.034575127
-84.03877621

-84.038930063
-84.038980106
-84.038997209
-84.039002699
-84.039004582
-84.039005212
-84.039005462
-84.039005546
-84.039005576
-84.039005587
-84.039005591

-0.576523
-0.090158
-0.00420108
-0.000153853
-5.00423e-05
-1.71035e-05
-5.48981e-06
-1.8826e-06
-6.30205e-07
-2.49744e-07
-8.44531e-08
-3.00626e-08
-1.07466e-08
-3.87865e-09

Table 7 compounds’ final minimum geometrical energy and SCF energy values.

Final SCF Energy
Final SCF Energy

-62.2637567520 au
-39071.1325 kcal/mol

-52.6142315455 au
-33015.9585 kcal/mol

30
31
32
33
34
35
36
37
38
39
40
41
42
43

-84.039005592
-84.039005593
-84.039005593
-84.039005593
-84.039005593
-84.039005593
-84.039005593
-84.039005593
-84.039005593
-84.039005593
-84.039005593
-84.039005593
-84.039005593
-84.039005593

Difference
-8.82039¢e-10

-2.72507e-10
-1.21929¢-10
-3.7403e-11

-1.37561e-11
-5.11591e-12
-2.27374e-12
-4.54747e-13
-3.97904e-13
5.68434e-14

-1.39846e-09
-5.06247e-10
-1.74964e-10
-7.57154e-11
-2.4329%e-11
-9.89075e-12
-3.41061e-12
-1.13687e-12
-1.59162e-12
3.41061e-13
9.09495e-13
-3.41061e-13
-9.09495e-13
0.0

-84.0390055928 au
-52735.3198 kcal/mol

22311

Fig. 2 Optimized structures of the compound
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Table 8. Ground State Dipole (debye)

Eurasian J Bio Chem Sci, 7(2):157-164, 2024

7439 -1.74523919 -2.42399485
22311 -0.06869694 -0.19994140
61781 1.12243970 -0.65112639

The geometry of the compounds was optimized using the
PM3 method in the ArgusLab program. The optimized
structures of the compounds are presented in Fig. 2. These
structures represent the lowest energy configurations,
providing insight into the molecular geometry and
interactions within the compounds.

Mulliken and ZDO (Zero Differential Overlap) atomic
charges are two essential approaches used to calculate the
distribution of charges on atoms in molecular systems.
Mulliken charges are based on the distribution of molecular
orbitals across atoms to calculate charges. While the
Mulliken method offers a simple and understandable
approach to calculating atomic charges, it can sometimes
lead to non-physical results, such as negative charges
(Muliken 1955). On the other hand, ZDO atomic charges
stand out as a more suitable method, particularly for larger
and more complex systems. ZDO simplifies the calculation
process by neglecting differences in integrals, thus yielding
more balanced results (Foster 1980). These methods are
frequently used tools for researchers looking to analyse
molecular charge distribution in quantum chemistry.

Table 9 List of Mulliken and ZDO Atomic Charges of 7439 by
using ArgusLab software

10 -0.3143 -0.3251 @ 14H 0.0824 0.1607
2C -0.029 | -0.1011 | 15H 0.0642 0.1378
3C -0.1528 -0.3097 @ 16H 0.0701 0.1412
4C -0.0747 | -0.2150 @ 17H 0.1026 0.1894
5C -0.1157 -0.1278  18H 0.0489 0.1166
6C 0.3220 | 0.3506 19H 0.0465 0.1136
7C -0.0843 -0.1721  20H 0.0452 0.1128
8C -0.1903 | -0.2154 21H | 0.0391 0.1051
9C -0.0706 -0.2670 22H | 0.0524 0.1225
10C -0.0571 | -0.2534 @ 23H 0.0573 0.1286
11C -0.1654 -0.3290 @ 24H 0.0876 0.1729
12H 0.0734 | 0.1476 25H 0.0850 0.1664
13H 0.0776 | 0.1499
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0.30117895 3.00205257
-0.22845694 0.31126902
1.28898502 1.82902128

Table 10 List of Mulliken and ZDO Atomic Charges of 22311 by
using ArgusLab software

Atoms  ZDO Mulliken  Atoms ZDO Mulliken
No Atomic Atomic No Atomic Atomic
Charges Charges Charges  Charges
1C -0.0389  -0.1099 14H 0.0550 0.1266
2C -0.0952 -0.2344  15H 0.0618 0.1319
3C -0.0553 -0.1917  16H 0.0544 0.1250
4C -0.0499 -0.1862  17H 0.0549 0.1239
5C -0.1294 -0.1408  18H 0.0999 0.1866
6C -0.1497 -0.2380 19H 0.0427 0.1097
C -0.1124 -0.1237  20H 0.0412 0.1076
8C -0.0643 -0.2586 @ 21H 0.0438 0.1103
9C -0.0692 -0.2657  22H 0.0456 0.1125
10C -0.1718 -0.3361  23H 0.0457 0.1128
11H 0.0690 0.1414 24H 0.0423 0.1093
12H 0.0571 0.1269 25H 0.0841 0.1686
13H 0.0524 0.1243 26H 0.0861 0.1678

Table 11 List of Mulliken and ZDO Atomic Charges of 61781 by
using ArgusLab software

10 -0.2671  -0.2773 17H  0.0520 0.1237
20 -0.3811 | -0.3956 18H | 0.0598 0.1330
3C -0.0332  -0.1048 19H | 0.0599 0.1289
4C -0.0959 @ -0.2351 20H | 0.0551 0.1258
5C -0.0554 -0.1918  21H | 0.0556 0.1246
6C -0.0494 | -0.1858 22H | 0.1003 0.1871
7C -0.1296  -0.1410 23H | 0.0499 0.1204
8C -0.1341  -0.1498 24H | 0.0534 0.1236
9C -0.1498  -0.2382 25H | 0.0414 0.1078
10C | 0.1186 -0.0144 26H | 0.0440 0.1107
11C  -0.0646  -0.2590 27H | 0.0430 0.1100
12C | -0.1349  -0.2986 28H | 0.0848 0.1696
13C  0.3694 0.3976 29H | 0.0867 0.1685
14C | -0.1143  -0.339 30H | 0.0684 0.1412
15H  0.0736 0.1481 31H | 0.0684 0.1407
16H | 0.0557 0.1255 32H | 0.0692 0.1442
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7439

22311 61781

Fig. 3 Visualise the HOMO (a) and LUMO(b) of Compounds; blue shows positive and red shows negative.
ELECTRON DENSITY

61781

Fig. 4 Electron density representation of compounds

The HOMO-LUMO representations of limonene compound
derivatives are shown in Fig. 3. The electron density of
limonene compound derivatives is shown in Fig. 4.

An ESP-mapped density surface can illustrate areas within
a molecule more susceptible to nucleophilic or electrophilic
attack. These surfaces are valuable for qualitative
interpretations, highlighting regions where chemical
reactivity is likely, as seen in Fig. 5. A colour spectrum
ranging between -0.0200 and +0.17 has been used.

Solvent accesibe surface

Solvent Accessible Surface" (SAS) refers to the external
surface of a molecule that can interact with solvent
molecules. This concept is typically used to study
biomolecules' structural and functional properties, such as
proteins, and plays a critical role in determining a
molecule's interactions with solvents (Richard 1977). SAS
calculates how much of a large molecule, like a protein, is
accessible to solvent molecules (e.g., water), making it an
essential parameter in biological processes. The solvent
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accessible surface of the compounds, calculated
ArgusLab, is shown in Fig. 6.

& u&

7439
0.1700

using

0527

01527 o.13585

o.1358 o.1182

0. 182 o.1009

©0.1009 v.0836

o.0836 0.0664

0.0664 -> 0.0491

0.0491 -> 0.0318

0.0318 -> 0.0145

0.0145 >

- -0.0027 ->

-0.0027

61781

Fig. 5 shows a potential electrostatic map of the terminal molecule
produced by applying the Mulliken charges with the scale of
compounds

-0.0200
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Compounds like limonene derivatives, which are aliphatic
hydrocarbons, typically exhibit low UV absorption in UV-
visible spectroscopy because they do not contain strong
chromophore groups, such as conjugated double bonds.
Limonene's UV absorption has been reported to occur

Eurasian J Bio Chem Sci, 7(2):157-164, 2024

aromatic rings or large conjugation systems, the absorption
peak observed in UV spectra is typically weak.

7439

22311

mainly between 190-220 nm. This range is typical for -
simple aliphatic hydrocarbons and is generally attributed to : _‘} 4
1 — m* transitions (Smiatek et al. 2012). FN_J o
Fig. 7 presents limonene derivative compounds' UV/visible ,
electronic absorption spectrum. In the spectrum, intense
peaks are observed at 174.1, 183.5, and 171.3 nm, while
relatively low-intensity peaks appear at 228.5, 173.7, and )
178.3 nm, representing the strength of the transitions of the ”
compound. These values differ from experimental results by b
approximately 20-30 nm for all peaks, reflecting the :
challenges in accurately predicting the absorption spectra of
these compounds with the currently available computational S
methods. Since the compounds do not possess UV-active
Fig. 6 Solvent-accessible surface of compounds
Carvone, 7439 Limonene, 22311
0,7
, 174,1; 0,5925 .
0,6 0,6 183,5;
0s 0,5419
g o4 4 228,5;0,4394 o 04 173,7;0,3601
g8 £
2 03 8
S = 02 177,6; 0,1899
8 02 g
< 01 < L
0 0 50 100 150 200 250
0,1 0 100 200 300 400 500 -0,2
Wavelength (nm) Wavelength (nm)
4-Methyl-beta-methylenecyclohex-3-ene-1-ethyl
acetate, 61781
0,8
- 06 .
g 171,3; 0,5779 178,3;0,3747
& 04
2
S 0,2
2 o 174; 0,0002
02 0 50 100 150 200 250 300 350
Wavelength (nm)
Fig. 7 Electronic absorption spectrum of the compounds
4. Conclusion 84.0390055928 au, respectively. The lowest energy

It has been observed that the ArgusLab program has a very
user-friendly interface and completes calculations in a very
short time. In this research study, we included some
calculation tasks that can be performed using ArgusLab and
observed that the results are stable. Using the ArgusLab
software, the lowest energy favorable conformations of
limonene compound derivatives were found to be -
62.2637567520 au, -52.6142315455 au, and -
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conformations were employed in molecular modeling
calculations after the geometric variables related to
compounds were finally fully optimized for the compound.
The calculated thermodynamic parameter, dipole moment,
Mulliken and ZDO Atomic Charge, and optimized
geometry were all well within the computational results'
accuracy range. The AE values for the compounds
numbered 7439, 22311, and 61781 are calculated as -
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0.005155, -0.382305, and -0.038150, respectively, based on
their eigenvalues. Compound 22311, with the largest
AEAE, exhibits the highest reactivity, while compound
7439, with the smallest AEAE, indicates greater stability
and lower reactivity, positioning 61781 as intermediate
between the two. Azure A and Hyamine, with their narrow
HOMO-LUMO energy gaps and active sites revealed
through Mulliken charges, demonstrate the importance of
computational models in understanding electronic
structures for various applications (Ozkir et al. 2012, 2013).
The compound numbered 7439 appears to have a smaller
solvent-accessible surface, indicating a more compact
structure or fewer hydrophilic regions exposed to the
solvent. In contrast, the compounds numbered 22311 and
61781 possess larger solvent-accessible  surfaces,
suggesting that their surface characteristics include a higher
number of polar or nonpolar regions. This distinction may
influence the hydrophilic and hydrophobic properties of the
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Abstract: Aerogels were one of the groups of nanoporous materials with superior physicochemical properties. Their unique physical,
chemical, and mechanical properties make aerogels as promising candidates for different applications including drug delivery, tissue
engineering, medical implantable devices, biotechnology and wastewater treatments. The organic (silica) and inorganic (biopolymers)
compounds can be used to synthesize aerogels. Cellulose found the most abundant in world was one of these biopolymers. Cellulose has
properties such as biocompatibility, recyclability, excellent mechanical strength, adjustable optical appearance, thermostabilizing, non-
toxicity make to prefer in aerogel studies. In this study, pineapple peel waste cellulose was used to synthesize aerogel. To obtain cellulose
hydrogels cellulose and carboxymethyl cellulose (monomers) were mixed with epichlorohydrin (cross-linker). Alcogels (by solvent
exchange) and aerogels (by freeze-thaw) was synthesized from obtained hydrogels. The characterization studies water adsorption capacity

and transparency tests were performed waste based hydrogel and aerogels.

Keywords: Bioaerogel, waste-based cellulose, pineapple peel, adsorption capacity

Atk ananas kabugu seliilozu temelli hidrojellerin ve aerojellerin sentezlenmesi

Ozet: Aerojeller, essiz fizikokimyasal 6zelliklere sahip nanopordz malzeme gruplarindan birisidir. Essiz fiziksel, kimyasal ve mekanik
ozellikleri aerojelleri; ilag tasinimi, doku mithendisligi, implant medikal cihazlar, biyoteknoloji ve atik su aritimlar gibi farkli uygulamalar
icin umut verici adaylar haline getirir. Aerojel sentezinde inorganik (silika) ve organik bilesikler (biyopolimerler) kullanilabilir. Diinyada
en ¢ok bulunan selilloz bu biyopolimerlerden birisidir. Seliiloz, biyouyumluluk, geri doniistiiriilebilirlik, iistiin mekanik kuvvet,
ayarlanabilir optik goriiniim, termostabilizasyon, toksik olmamasi gibi 6zelliklerinden dolay1 aerojel ¢alismalarinda tercih edilmektedir.
Bu caligmada ananas kabugu atig1 seliillozu aerojel sentezinde kullanilmistir. Seliiloz hidrojellerini elde etmek i¢in seliiloz ve karboksimetil
selitloz (monomerler) epiklorohidrin (¢apraz baglayici) ile karigtirilmistir Elde edilen hidrojellerden, alkojeller (solvent degigimi ile) ve
aerojeller (dondurma-¢ézme ile) sentezlenmistir. Atik seliilozdan hazirlanan hidrojel ve aerojellerin karakterizasyonu i¢in su adsorpsiyon
kapasitesi ve saydamlik testi yapilmustir.

Anahtar Kelimeler: Biyoaerogel, atik bazl: seliiloz, ananas kabugu, adsorpsiyon kapasitesi

© EJBCS. All rights reserved.

1. Introduction on the nature of the initial precursors, aerogels were
classified as inorganic, organic and hybrid. Inorganic
aerogels were based on metals, oxides and silica. The
organic aerogels were based on synthetic polymers
(polystyrenes, polyurethanes, poly alcohols, polyacrylates)
or natural biopolymers (protein, carbohydrates, pectins,
mucilage) (He at al. 2023; Meti et al. 2022; Tafreshi et al.
2022; Wei et al. 2022). The waste based aerogels, generally
had natural biopolymer precursor also known as
bioaerogels. The biowaste that constitute the lignocellulosic

Aerogels were porous solid materials have unique
properties such as bulk density, high porosity, large surface
area. They had many different application areas; food
industry, pharmaceutical, air filtration, wastewater
treatment, dye adsorption, thermal insulation. (Azimi et al.
2024; Chen et al. 2022; Do et al. 2020; Ganesamoorthy et
al. 2021; Groult et al.2022; Gu et al. 2022; Guastaferro et
al. 2021; Ihsanullah et al. 2022; McNeil et al. 2022; Sanchez
et al. 2023; Sozcu et al. 2024; Sun et al. 2022). Depending
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mass were excellent bioaerogel precursors (renewable,
cheap). The lignocellulosic mass could be agricultural, food
or fruit wastes (He at al. 2023; Joshi et al. 2023; Abdul
Khalil et al. 2020). The components of lignocellulosic
biomass were cellulose, hemicellulose and lignin. Cellulose
had increasing interest in hydrogel/ aerogel areas due to its
biocompatibility,  thermal  stability,  renewability,
biodegradability and non-toxicity (Joshi et al. 2022; Abdul
Khalil et al. 2020; Al Abdallah et al. 2024; Chang et al.
2010a; Budtova 2019; Jianan et al. 1996; Li et al. 2024;
Long et al. 2018)

The pineapple or Ananas comosus, a member of
Bromeliaceae family and was grown in many parts of
world. It is eaten as preserved or fresh fruit. Also, it was
used jams, concentrates and juices. Since 60% of pineapple
fruits can be eaten, the 40 % of parts were as wastes. The
pineapple wastes were leaves, peels, roots and farm stems
(Nath et al. 2023). Conversion of biomass wastes as a
sustainable resource into bioaerogels was a new and
innovative process. By this way utilizing biomass and
wastes reduced environmental problems (Asim et al. 2019;
Partow et al. 2022). Also, the properties of biomass waste
(biodegradability, non-toxicity), make bioaerogel as an eco-
friendlier material compared with silica based inorganic
aerogels (Mazrouei-Sebdani et al. 2021) . For this aim, we
used free of charge pineapple peel waste as a cellulose was
a source of bioaerogel

While synthesizing cellulose aerogel, the biggest problem
was the solubility of cellulose. The chemical structure (high
crystallized form, robust inter and intra molecular hydrogen
bonds-high number hydroxyl groups) make cellulose
insoluble in water. There were many solutions of this
problem, but most of them included specific and toxic
chemicals (Chang et al. 2010b). The eco-friendly choice for
this dissolution problem was blending cellulose with
cellulose derivatives such as carboxymethyl cellulose
(CMC), ethyl cellulose (EHC), hydroxyethyl cellulose
(HEQC), hydroxypropyl  cellulose (HPC).  The
carboxymethyl cellulose exhibited great potential for using
this aim. Because, CMC had good water solubility,
biocompability, biodegradability and sensitivity to pH or
ionic strength. (Chang and Zhang 2011). After blending
with carboxymethyl cellulose, cellulose became more
soluble.

In this study, we converted pineapple peel wastes into
cellulose based aerogels. For modifying and to solve the
dissolution problem of cellulose we blended waste cellulose
with CMC in sodium hydroxide/ urea. The cellulose
hydrogels crosslinked with epichlorohydrin (ECH). To
convert hydrogel to alcogel and then aerogel, we studied a
multistage solvent exchange (ethanol) and freeze-drying
process. The water adsorption studies and swelling degree,
transparency of hydrogels and aerogels were studied for
characterization.

2. Materials and Method

The pineapple peels were taken from local market free of
charge (waste). The sodium hydroxide, urea, carboxymehyl
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cellulose, epichlorohydrin (ECH), hydrogen peroxide,
potassium hydroxide, hydrochlororic acid 37 %, ethanol
99.9 % were purchased from Sigma-Aldrich Chemical Co.
Ltd. All other chemicals were analytical grade.

2.1. The isolation of cellulose from pinapple peel waste

The cellulose could be isolated from biomass via
mechanical, disintegration, chemical treatment with
alkaline solutions and biological treatments. In this study;
the cellulose extraction from pineapple peel was carried out
with potassium hydroxide (Dai et al. 2016). The pineapple
peels were taken from local markets as waste (free of
charge). Pineapple peels were cut into small pieces and
dried at 50°C. Dried pineapple peels were ground in mortar
(Retsch RH 100). 50 grams of dry pineapple peel was boiled
for 2 hours at 80 ° C in 1L distilled water and filtered
through filter paper. This process was repeated 3 times.
Soluble fiber tissues were removed and filtered again. The
residue was mixed with 5% hydrogen peroxide and stayed
at 75 ° C for 4 hours (to remove the lignin) and filtered. The
residue was washed until neutralized with 95% ethanol and
distilled water. The sample was dried at 50 ° C for 16 hours.
To remove hemicellulose, the pellet as mixed with 10%
potassium hydroxide for 24 hours and filtered. The residue
(cellulose) was washed until neutralized with 95% ethanol
and water and dried.

2.2. Preparation of waste cellulose based hydrogel and
aerogel

To obtain 3 % cellulose solution; the waste cellulose was
dissolved in 6 % NaOH/ 4 % urea / 90 % distilled water by
stirring 5 minutes and then stored at -20° C for two days.
After two days, the solid was thawed and stirred at room
temperature till a transparent cellulose solution was taken.
3 wt% CMC was dissolved in same solution (6 % NaOH/ 4
% urea / 90 % distilled water). The cellulose and CMC
solutions were mixed different ratios (5:5: 6:4;8:2; 9:1)
respectively. ECH was added to the cellulose/ CMC
mixtures as cross-linker (0.1 % v/v) stirred at room
temperature for 2 days to obtain a homogeneous solution,
and then kept at room temperature for four days to get
hydrogel forms. Hydrogels were washed with distilled
water before next step.

The cellulose alcogels were prepared from hydrogels first
replacing the water in the hydrogel with ethanol (EtOH) by
multistage solvent exchange process. During the solvent
exchange process, the hydrogels were soaked in 30; 50; 70;
100 (%) EtOH and 100 % EtOH for 5 days, where the
ethanol was centrifuged and replaced fresh EtOH everyday
to obtain alcogels. The alcogels were then soaked with 100
(%) EtOH for 2 hours and centrifuged. The alcogels were
freze-dried at -80° C for 4 days to obtain aerogel. The final
product cellulose aerogels were stored at dry place (room
temperature) for further experiments (Gan et al. 2017;
Paksung et al. 2020; Paulauskiene et al. 2022; Wang et
al.2016).
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2.3. Characterization Studies
2.3.1.Water adsorption studies

To calculate water adsorbing capacity of hydrogels and
aerogels, the samples were immersed into distilled water to
acquire different conditions such as pH, temperature and
time. We studied different time effect on water adsorption
of hydrogels and aerogels in this study.

The hydrogels and aerogels (constant weight) were
immersed in distilled water for 15-30-45 min- 1h -2 h-4 h-6
h. The weight of each sample was measured (before and
after immersed) and the percentage of water adsorption
capacity (WAC %) was calculated according to Equation
1.

Ws-wd
wd

WAC (%) = * 100 (Eq. 1)
Where Wd and Ws were the weights of the hydrogel and
aerogel before and after immersion in respectively.

2.3.2. The transparency of the hydrogels and aerogels

The transparency of aerogels were determined by UV-Vis
microplate spectrophotometer at a wavelength ranging from
200 to 1000 nm

3. Results and Discussion
3.1. The preparation of waste based cellulose aerogels

The cellulose aerogels had the advantages renewability,
biocompability, biodegradability as cellulose. Also; the
cellulose aerogels could be ecofriendly because their natural
decomposition and also they can be studied at many
different areas because of their stability in harsh conditions.
The cellulose aerogels was studied by using waste cellulose
plant or plant based materials (cotton, hemp, coconut,
pineapple waste). Depending on source the extraction of
cellulose involves pretreatment, post treatment and
dissolution stages. The extraction methods can change the
characteristics of cellulose (size, degree of polymerization,
thermal stability, degree of hydroxylation) The quality of
extracted cellulose effect also the performance of the
cellulose aerogels (Nguyen et al. 2022; Liu et al. 2024; Long
etal. 2018; Asim et al. 2019).

The plant cellulose fibers fills with lignin and hemicellulose
penetrates the cellulose skeleton to form 3D structure via
covalent and hydrogen bonds by using alkaline solutions
(sodium or calcium hydroxide) (Mujtaba et al. 2023). To
unform this stable compact structure, many deconstruction
techniques can be used such as ball-milling, acidic fraction,
alkaline fraction, etc. All techniques resulted the different
form of cellulose (fibers, nanowhisker, particle). In this
study we used alkaline process. The alkaline fraction
process is done to deconstruct lignocellulosic form at a
certain tempertaure and residence time. The advantages of
this process removes lignin and breaking bonds between
hemicellulose, retaining cellulose in solid fraction as
cellulose fibers and can be ingrated other techniques which
were related the solubility of cellulose (Liyanage et al.
2021; Gan et al. 2017).
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The extraction quality of waste cellulose effected the
formation of hydrogel and the initial hydrogel
characteristics (porosity, pore volume) were the results of
cellulose extraction. The aerogel properties mostly depend
on the hydrogel 3D form. However the surface area of
aerogels only depends on drying method of aerogel while
preparing. The different methods were existed for this aim;
freeze-drying, supercritical drying (CO2, acetone, methanol
or ethanol), ambient pressure drying, vacuum drying, and
microwave drying. These methods were used to remove the
existed solvent inside the pores of the hydrogel maintaining
the porous structure. Because of its simplicity,
environmentally friendly and cheap cost, freeze-drying
technique was used for waste based cellulose aerogel in this
study. Freeze- drying of cellulose hydrogels involved three
stages. The first stage consisted of freezing the hydrogels
into ice crystals leading the ordered structure. The critical
point of freezing was the temperature, we optimized the
temperature at -80°C. This temperature affected the
structure of the ice formed in aerogel and the quality of the
aerogel. Primary drying was performed to remove 95 % of
water and secondary drying was performed to eliminate
unfrozen water (Simon-Herrero et al. 2016).

According to our results (Fig 1.) the hydrogels lost almost
95 % of their weight after freeze- drying and ultra weight
cellulose aerogels were got.

Fig. 1 The different ratio of waste cellulose: CMC based hydrogels
(a), alcogels (b) and aerogel (c) after freeze-drying

3.2. The results of characterization studies
3.2.1.Water adsorption capacities of hydrogels and
aerogels

To confirm environmental adaptation of hydrogel and
aerogel the adsorption capacity was studied. The water
adsorption capacity of waste cellulose: CMC (9:1; 8.2; 6:4;
5:5) hydrogels and aerogels were studied according to
weight changing with time.

According to Figure 2; the water adsorption capacity of
waste cellulose: CMC based hydrogels were reached
adsorption equilibrium within 60 min and aerogels reached
at 30 min. The different ratio of cellulose/ CMC did not
affect the water adsorption capacity of hydrogels The
adsorption capacity increased time by time. The reason of
this could be surface and high pore size of aerogels. The
adsorption capacity of aerogels increased significantly at
first and then water filled the aerogels pores and adsorption
reached saturation quickly. The strong hydrophilicity of
aerogel surface absorbed the water completely. The
percentage of changing weight of aerogels after water
adsorption were 300-800 % of its weight whereas the
percentage changing of weight for hydrogels were 20-100
% of its weight. The cellulose aerogel reached average
500% of water adsorption within 30 min. This suggested us
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the cellulose aerogel had a fast water adsorption ability due
to the high porosity and abundant hydrophilic groups
(hydroxyl, carboxyl).
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Fig. 2 The adsorption capacity (mg mg-*) of waste cellulose: CMC
(9:1; 8:2; 6:4; 5:5) based hydrogel and aerogel

3.2.2. The transparency of the cellulose hydrogels and
aerogels

The UV-Vis transmission spectra of cellulose aerogels were
given at Fig 2. According to the spectra results, our cellulose
aerogels do not transmit light after 200-400nm, while
cellulose hydrogel do not transmit light after 400-600 nm
(Gan et al. 2017). The results shown that cellulose aerogels
were more transparency than cellulose hydrogels.
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Fig. 3 The UV-Vis spectras of different ratio of waste cellulose:
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4, Conclusion

The waste pineapple cellulose require no harsh chemicals to
make bioaerogels owing to their structural formability. The
results were shown that bioaerogels kept several weeks at
room temperature and did not seen any visible degradation.
The important advance of this study was the simplicity of
the bioaerogel preparation process. The prepared bioaerogel
also distinguished itself through water adsorption capacities
which were crucial for the potential applications such as the
treatment and removal of metals/dyes/toxic compounds
from wastewaters. The aerogel production in large scale
faced problems involved toxic precursor compound and the
sustainability of initial compounds. Bioarogels overcome
these problems by using raw materials (biomass-derived).
So that using waste pineapple as the resource of bioaerogels
is an alternative way of solving environmental pollution.
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Abstract: Azinphos methyl (S-3,4-dihydro-4-0x0-1,2,3-benzotriazin-3-ylmethyl O,0-dimethyl phosphorodithioate) and
Azinphos ethyl (S-3,4-dihydro-4 - oxo-1,2,3-benzotriazin-3-ylmethyl O,O-diethyl phosphorodithioate) are two phosphorus-
containing pesticides. These pollutants are widely used as agricultural pesticides and acaricides and are used as broad-spectrum
pesticides. It is assumed that these insecticides are carried out of the soil by rain, flood and snow water and pollute rivers, lakes
and seawater. The aim of the study is to determine the effects of different concentrations of azinphos-ethyl and azinphos-methyl
on the growth of green algae isolated from streams under culture conditions. The aim of this study was to determine the change
in algal growth as a function of increasing the concentration of these pesticides in the algal cultures of Tetradesmus obliquus. In
addition, pH and conductivity measurements were carried out on the control group and on the cultures after dosing. In this study,
based on the counts carried out in the cultures, it was found that the number of species has decreased over time, but there was no
significant decrease.

Keywords: Algal growth, Azinphosethyl, Azinphosmethyl, stream, pesticide, greenalgae

Farkh azinfos-etil ve azinfos-metil konsantrasyonlarimin Tetradesmus obliquus'un kiiltiir
kosullarinda biiyiimesi iizerindeki etkisi

Ozet: Azinfos metil (S-3,4-dihidro-4-okso-1,2,3-benzotriazin-3-ilmetil O,0-dimetil fosforoditiyoat) ve azinfos etil (S-3,4-dihidro-4 -
okso-1, 2,3-benzotriazin-3-ilmetil O,0-dietil fosforoditiyoat) iki fosfor i¢eren pestisitlerdir. Bu kirleticiler tarimsal pestisit ve akarisit
olarak yaygin olarak kullanilir, genis spektrumlu pestisit olarak kullanilir. Bu insektisitin yagmur, sel ve kar sulariyla topraktan
siiriiklenerek nehirleri, golleri ve deniz sularimi kirlettigi diigiiniilmektedir. Calismanin amaci, kiiltiir kosullant altinda akarsulardan
izole edilen yesil alglerin bilyiimesi lizerine farkli azinfos-etil ve azinfos-metil konsantrasyonlarinin etkisini belirlemektir. Bu
aragtirma ile Tetradesmus obliquus alg kiiltiirlerinde bu pestisitlerin konsantrasyonunun artigina bagl olarak alg biiylimesinin
degisimi belirlenmeye ¢aligilmistir. Ayrica ¢aligma sirasinda kontrol grubu ve kiiltiirlerin dozlama sonrast pH ve iletkenlik &l¢timleri
yapilmistir. Bu ¢aligmada kiiltiirlerde yapilan sayim sonucunda tiir sayisinin zamanla azaldig1 ancak ¢ok 6nemli bir diigiis olmadig:

belirlenmistir.

Anahtar Kelimeler: Alg biiyiimesi, Azinfosetil, Azinfosmetil, dere, pestisit, yesil alg

1. Introduction

Various pesticides are widely used in agriculture to protect
against all kinds of pests that reduce the yield of products
and prevent their development. It is known that the
pesticides used in these activities mix with irrigation or
rainwater and run back into lakes or rivers, leading to the
accumulation and death of living organisms at every stage
of the food chain (Amdur et al. 1991).

© EJBCS. All rights reserved.

Pesticides that pollute aquatic systems have serious
ecological consequences such as the death of some aquatic
organisms, the deterioration of species composition and
the alteration of the ecosystem. Therefore, the study of the
effects of pesticides on aquatic organisms is becoming
increasingly important (Peterson et al. 1994).

Among the living groups in the aquatic environment that
are most affected by the mixing of agricultural pesticides
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with surface waters are the phytoplankton organisms that
form the first step of the food chain. Microalgae are a
widely wused living group in pesticide bioassays to
determine the effects of pollutants on ecosystems. Algae
are sensitive to most pollutants and are used as bioassay
organisms to determine the effects of chemical substances
in the aquatic environment. There are many studies that
have been conducted on microalgae to determine the toxic
effects of herbicides and various industrial chemicals
(Abdel-Hamid 1996, Djomo et al. 2004, Geyer et al. 1985,
Lu et al. 2001, Ma et al. 2003, McFeters et al. 1983,
Moreno-Garrido et al. 2001, Moreno-Garrido et al. 2003,
Saez et al. 2001, Sabater and Carrasco 2001, Sabater et al.
2002, Shehata et al. 1984, Soylu and Temizel 2023, Wong
2000).

Azinphosmethyl (S-3,4 - dihydro-4- oxo0-1,2,3-benzo
triazin-3-ylmethyl O,0-dimethylphosphorodithioate) and
azinphos ethyl (S-3,4 - dihydro-4- oxo-1,2,3-benzotriazin-
3-ylmethyl  O,O-diethylphosphorodithicate) are two
phosphorus containing pesticides. These pollutants are
widely used as agricultural insecticides and acaricides,
which are used as broad-spectrum pesticides. Like many
other insecticides, these chemicals are compounds that are
considered potential pollutants to surface and groundwater,
even though they are used in agriculture worldwide. It is
believed that these insecticides are washed out of the soil
with rain, flood and snow water and pollute rivers, lakes
and marine waters. The aim of the research is to determine
the effects of pesticides on algae growth by applying
different doses of pesticides to microalgae species to be
isolated from streams.

The aim of this study is to show the effects of azinphos-
methyl and azinphos-ethyl, insecticides wused for
agricultural purposes in the streams of Giresun province,
on the phytoplanktonic algae species prevalent in the
streams and to create a scientific database with the data
obtained, which can be used for subsequent planning
studies. In this study, new data will be obtained in this
field by using organisms such as Tetradesmus obliquus
(Turpin) Kiitz. from the Chloropyhta division, which are
dominant in the waters of our country.

Studies investigating the effects of pesticides on
freshwater algae have mostly used green algae such as
Chlorella, Chlamydomonas and Scenedesmus (Tadros et
al. 1994). The aim of this study was to determine the toxic
effects of azinphos ethyl and azinphos methyl on the
microalgae Tetradesmus obliquus (Turpin) Kiitzing
isolated from natural waters. The development of the
species to be cultivated in cultures treated with 1 mg/l, 1.1
mg/l, 1.2 mg/l, 1.4 mg/l azinphos-methyl and in cultures
treated with 0.1 mg/l, 0.5 mg/l, 1 mg/l, 1.5 mg/l, 2 mg/l
azinphos-ethyl is compared with the development of the
species in cultures without these pesticides. The
determination of the toxic effects of these herbicides on
the growth rate of Tetradesmus obliquus and the
comparison of their toxic effects are of great importance
for aquatic ecosystems. Repetition and continuity of such
studies are very important to reveal the effects of pesticide
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exposure on aquatic ecosystems and especially on algae
(Oterler 2009).

2. Materials and Method

2.1. Description of the Research Area and Sampling
Stations

Green algae were isolated and analysed from water
samples taken from the Aksu stream in the province of
Giresun in the eastern Black Sea region. The Aksu stream
is about 60 km long and 100 m wide. Its average depth is
about 3 metres. The map of the study area is shown in
Figure 1.

" BLACK SEA

Fig. 1 Map of study area

2.2. Algological Features

2.2.1. Sampling

Water samples were taken from the surface (0-20 cm) at
the stations of the streams to be determined. To identify
planktonic algae, 1-liter water samples were filtered
through Whatman GF/A filter papers and preliminary
preparations were made by scraping the algae collected on
the surface of the filter paper with a coverslip and covering
them in water or 10% glycerol solution. These preliminary
preparations were examined under a research microscope
and the algae identified. The works of Krammer and
Lange-Bertalot, (1991a), Krammer and Lange-Bertalot,
(1991b), Krammer and Lange-Bertalot, (1999a) and
Krammer and Lange-Bertalot, (1999b) were used in the
description of algae.

2.2.2. Culture Conditions

The culture isolation was carried out in BG 11 medium
from water samples from streams.

The algae were isolated and cultured from water samples
from the Aksu stream. For the preservation of the cultures,
the climate chamber was set to conditions suitable for
algae (Hong et al. 2008, Lockert et al. 2006, Sabater and
Carrosa 2001).

100 ml cultures were grown under defined climatic
conditions (International Standard 1S0-8692:1989) up to
4000-5000 cells/ml.

2.2.3. Cell Count

The determination of the number of cells in a given
volume is used for counting chambers. In our study, cell
counts were performed with a Sedgewick-Rafter counting
chamber. The Sedgewick-Rafter counting chamber



EN Soylu and B Temizel

consists of a total of 1000 squares, 50 columns and 20
rows. The volume of each square is 1 pl. The evaluation is
carried out by random counting (LeGresley and
McDermott 2010).

For the continuity of the algae cultures, 100 mL of culture
medium was prepared in 250 mL bottles (ISO-8692 1989).

In the experiments, 4 different doses of azinphos-methyl (1
mg/l, 1.1 mg/l, 1.2 mg/l, 1.4 mg/l) and 5 different doses of
azinphos-ethyl (0.1 mg/Il, 0.5 mg/l, 1 mg/l, 1.5 mg/l, 1.5
mg/l, 2 mg/l) were applied to the algae cultivated in 100
ml flasks, which were prepared in accordance with similar
studies (Ibrahim et al. 2014, Oterler and Albay 2016).

The experiments were conducted in 2 different phases,
which were initiated by treating the cultures with
pesticides at predetermined concentrations approximately
5 days after entering the exponential growth phase. In the
first phase, the cells of the pesticide-treated samples were
counted with a Sedgewick-Rafter counting chamber after
0, 24, 48, 72 and 96 hours for 5 days. Subsequently, the
spectrophotometric growth rates and absorbance values of
the pesticide-treated samples were measured at 500, 665
and 750 nm wavelength and chlorophyll-a calculations
were performed (Nusch 1980).

In addition, pH and conductivity measurements of the
control group and the cultures after dosing were carried
out during the study.

2.2.4. Pesticide Analysis

For the species Tetradesmus obliquus, large quantities of
precultures were established and their development
regularly monitored. When the algal culture had reached a
sufficient number of cells and entered the rapid growth
phase (between days 15-21), 100 ml of the cell culture was
divided into 250 ml vials under sterile conditions.

At 0 h, 20 ml of culture samples were taken from each
experimental set under sterile conditions and the
absorbance values were measured at 500, 665 and 750 nm
to determine the spectral growth rates. The conductivity
and pH were then measured and the cells counted. The
chlorophyll values were measured the next day.

The experiments were carried out with doses according to
the ISO 8692 and OECD 201 standards (ISO 8692, 2012;
OECD, 2014) after 0 hours, 24 hours, 48 hours, 72 hours
and 96 hours (1SO 8692, 2012; OECD, 2014).

3. Results

To determine the effects of Azinphos methyl and Azinphos
ethyl on the growth of Tetradesmus obliquus, one of the
green algae isolated from the Aksu stream, 1 mg/l, 1.1
mg/l, 1.2 mg/l, 1.4 mg/l Azinphos methyl and 0.1 mg/l, 0.5
mg/l, 1 mg/l, 1.5 mg/l, 2 mg/l Azinphos ethyl were used
under culture conditions. In order to determine the effects
of the pesticides added to the cultures, a comparison was
made with the control group without pesticides. The aim of
this study was to determine the change in algae growth in
the cultures by increasing the concentrations of azinphos
methyl and azinphos ethyl. As a result of the study, it was
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found that the number of organisms did not decrease
significantly by counting in the cultures, but the doses
determined over time had a negative effect on algae
growth.

At low pesticide applications, all pesticides induced the
formation of chlorophyll-a and increased photosynthesis
during the first 24 hours. However, there was no specific
increase in absorbance and cell number measured
spectrophotometrically over time. However, development
slowed down after 48, 72 and 96 hours.

The pH and conductivity values of the samples were
measured at 0 o'clock and the cells were counted. Then the
remaining portion in the beaker was filtered through
Whatman GF/C filter papers and chlorophyll-a
determinations  were  performed by  absorbance
measurements at 500 nm, 680 nm and 750 nm wavelength.
These measurements were repeated every day at the same
time. The last measurement was taken at the 96th hour.
Each dose was applied in 3 repetitions.

For azinphos-methyl, the lowest cell count in the cultures
was determined at hour 0 with 2.07x10° cells/ml at a dose
of 1.4 mg/l. After 24 hours, the lowest cell count was
determined to be 2x10° cells/ml at a dose of 1.2 mg/l. After
48 hours, the lowest cell count was determined to be 1.71
x10¢ cells/ml at a dose of 1.4 mg/l. After 72 hours, the
lowest cell count was determined to be 1.48 x10° cells/ml
at a dose of 1 mg/l. Finally, after 96 hours, the lowest cell
count was determined to be 1.006 x10° cells/ml at a dose
of 1 mg/l (Figure 2).

In the second step, the same procedures were repeated for
azinphos ethyl. The cultures that had reached the rapid
growth phase (day 15-25) were divided into subcultures
and 5 days after entering the exponential growth phase, 5
different doses of azinphos ethyl (0.1 mg/L, 0.5 mg/L, 1
mg/L, 1.5 mg/L and 2 mg/L) were applied to the cultures
to determine the effect of the pesticide on algal growth.

For azinfos ethyl, the lowest cell count in cultures was
determined after 0 hours with 1.855x10° cells/ml at a dose
of 0.5 mg/l. The lowest cell count after 24 hours was
determined to be 2.06x10° cells/ml at a dose of 1.5 mg/l.
The lowest cell count after 48 hours was determined to be
1.77 x10° cells/ml at a dose of 1.5 mg/l. The lowest cell
count after 72 hours was determined to be 1.94 x10°
cellssrmL in the control group. Finally, the lowest cell
count after 96 hours was determined to be 1.65 x10°
cells/mL at a dose of 1.4 mg/L (Figure 3). A decrease in
the number of organisms was observed with increasing
dose. A decrease in the number of organisms was observed
particularly after the 24th hour when the dose was
increased.

As a result of the experiments, the lowest pH value for
azinphosethyl in the control group was measured at the
beginning of the experiment (time 0) at 6.7, and the
highest pH value was measured at a dose of 2 mg/l after 48
hours at 8.1 (Figure 5). The lowest pH value for azinphos-
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methyl was measured at the beginning of the experiment
(time 0) at a dose of 1.4 mg/l at 6.1, and the highest pH
value was measured in the control group after 24 hours at
7.6 (Figure 4).

The lowest conductivity value (uS/cm) for azinphosethyl
was measured in the control group at the 24th hour with
195 pS/cm; the highest conductivity values were measured
in the control group at the 96th hour and at a dose of 1
mg/l with 285 pS/cm (Figure 7). For azinphos-methyl, the
lowest conductivity value of 1140 uS/cm was measured in
the control group at the 48th hour, while the highest
conductivity value of 1955 pS/cm was measured at a dose
of 1.1 mg/l at the 24th hour (Figure 6). It was found that
the conductivity values generally did not vary greatly over
time in all dose groups.

According to the test results, the highest chlorophyll-a for
azinphos ethyl was measured at 3.97 pg/l after 0 hours in
the control group, and the lowest chlorophyll-a was
measured at 0.74 ng/l after 96 hours (Figure 9). The
highest chlorophyll-a for azinphos-methyl in the control
group was measured at 0.78 pg/l after 0 hours; the lowest
chlorophyll-a was measured at 0.03 pg/l after 96 hours
(Figure 8). As a result of our studies, it was found that
chlorophyll-a levels in Tetradesmus cultures containing
azinphos-ethyl increased in the first 24 hours at almost all
doses and then decreased; while chlorophyll-a levels in
Tetradesmus  cultures  containing  azinphos-methyl
increased in the first 48 hours at a dose of 1 mg/l and then
decreased.

cell count x10° (cells/ml)

2,5
m0. hour

2 w24, hour
15 = 48. hour

1 72. hour
05 m96. hour

0

control Img/m  1,1mg/ml 1,2 mg/ml 1,4 mg/ml

Fig. 2 Time-dependent change in the cell count, determined by
counting in the control group and different doses of azinphos
methyl

cell count (cellsx106)

2,5

2 +
= 0. hour
1,5 w24, hour
48, hour

1 +
72. hour
0,5 1 m96. hour

control 0,1 mg/ml0,5mg/ml 1 mg/ml 1,5 mg/ml 2 mg/ml

Fig. 3 Time-dependent change in the cell count, determined by
counting in the control group and different doses of azinphos
ethyl
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Fig. 4 pH change in the control group and different azinphos
methyl doses
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Fig. 5 pH change in the control group and different azinphos
ethyl doses
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Fig. 6 Change in conductivity in the control group and different
doses of azinphos methyl
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Fig. 7 Change in conductivity in the control group and different
doses of azinphos ethyl
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Fig. 8 Change in chlorophyll-a in the control group and different
doses of azinphos-methyl
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Fig. 9 Change in chlorophyll-a in the control group and different
doses of azinphos-ethyl

4. Discussion

Pesticides are substances that humans have used for many
years to affect the environment, food sources and plants. A
pesticide can be a chemical substance, a biological agent
such as a virus or bacterium, an antimicrobial agent, a
disinfectant, or another agent (Kaya 1996). The primary
target of most herbicides used as pesticides against plant
pests is the light reactions of photosynthesis. Therefore,
herbicides used in agriculture interfere with the light
reactions of photosynthesis. Chlorophyll is one of the most
important photosynthetic pigments found in green algae. It
is one of the most commonly used parameters for
assessing the effects of pesticides on algal growth. Some
herbicides inhibit photosynthesis and the synthesis of
carotenoids. Some inhibit photosynthesis (Sikka and
Pramer 1968), others inhibit fatty acid formation and thus
cell division and growth (Couderchet and Boger 1993).
Pesticides such as colchicine prevent chromosome
segregation by inhibiting tubule formation (Fedtke 1982).
As in similar studies, the chlorophyll-a content decreased
over time in our experiments, as shown in Figure 8 and
Figure 9 (Nie et al. 2002; Ou et al. 2003).

A small proportion (~0.1%) of the pesticides used for pest
control reaches the target organism. The remainder enters
the aquatic environment via leakage or surface runoff and
poses a serious threat to other aquatic organisms. Many
studies have shown that the accumulation of pesticides is
also very harmful to non-target organisms (Baruah et al.
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2024, Damalas and Eleftherohorinos 2011, Sanoja-Lopez
et al. 2023). Microalgae, which are primary producers and
form the basis of the aquatic food web, are the most
notable group among aquatic non-target organisms
(Mofeed and Mosleh, 2013). They are responsible for
about 60% of the total oxygen production in water (Castro
et al. 2022) and play an important role in nutrient cycling
(Sabater and Carrasco, 2001; Kallqvist and Svenson,
2003). Pesticides that accumulate in algae can reach higher
trophic levels through trophic interactions and accumulate
toxins in the tissues of zooplankton and other herbivores
that eat these algae (Meng et al. 2022).

Algae, which impair soil fertility and are the main food for
fish in water bodies, are widespread in nature. The
accumulation of pesticides in water, which are widely used
worldwide, has a significant negative impact on algae. Any
negative impact on the microalgae community can affect
the structural balance of the entire ecosystem (Martinez et
al. 2015, Villem, 2011). Therefore, it is very important to
investigate the harmful effects of pollutants on microalgae
(Neury-Ormanni et al. 2020). Recently, studies
investigating the effects of pesticides on algal cultures
have expanded. In their study investigating the effects of
five different organophosphate pesticides on the growth of
Chlorella vulgaris, a green microalgae, Oterler and Albay
(2016) found that at a lower pesticide concentration, the
pesticide degenerated like a nutrient and was taken up by
the algal cells, whereupon the toxic effect of the pesticide
limited the growth of the algae. In our study, the amount of
algae increased for a while after the addition of the
pesticide and then decreased (Figures 2 and 3). Therefore,
this situation is parallel to our study as in many other
studies.

In a similar study investigating the effects of Azinphos
methyl and Azinphos ethyl on the growth of the marine
green alga Tetraselmis suecica, it was found that these
chemicals had an inhibitory effect on algal growth after 96
hours (Vagi et al. 2005). In another study investigating the
time-dependent change in cell number in an
Aphanizomenon aphanizomenoides culture to which
azinphos ethyl was added, it was found that azinphos ethyl
had a limiting effect on algal growth and caused a relative
decrease by the end of 24 hours (Oguz 2009).

5. Conclusion

Changes in the community structure of algal species in the
aquatic environment and the response of these species to
environmental pollutants are very important for the
ecosystem. Pesticide residues that accumulate in living
organisms over time, even in very small amounts, have
negative effects on living organisms and the environment.

Experiments have shown that pesticides cause structural
changes in non-target organisms. Efforts should therefore
be made to reduce the use of synthetic agrochemicals.
Organic farming with the use of
biopesticides/bioherbicides can help to reduce pesticide
exposure.
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In addition to biomonitoring, it is also very important to
conduct research that provides early warning of pesticide
contamination in aquatic systems. This and many other
studies show that the accumulation of pesticides in water
over time has a negative impact on algae growth. Although
no rapid changes and declines can be observed, it is clear
that the accumulation of pesticides over time has a
negative impact on aquatic organisms. New projects
should be developed to address the negative effects of
pesticide use on the environment and human health, and
water resources should be protected from pesticide
pollution.

In order to predict future ecological scenarios, it is
important to understand how pollutants affect algal
communities and thus the aquatic ecosystem. Monitoring
programs should be established to observe the long-term
effects of pesticides on algal ecosystems, and how
exposure to pesticides affects algal communities should be
investigated. Knowledge of how different species interact
and respond as a community will lead to a more
comprehensive understanding of ecosystem dynamics,
which will be of great benefit in the development of
environmental policies. Knowing about the interaction
between pesticides and microbial-algal communities can
help us understand how ecosystems work more broadly.

Studies that consider the social and ecological aspects of
pesticide use and understanding the relationships between
ecological processes and human activities, as well as the
use of sustainable and socially responsible pesticide
management techniques, will further advance the
sustainable management of aquatic ecosystems.
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Abstract: The therapeutic benefits of leech secretion have been known for centuries, and the potential of this substance in modern
cosmetics is now attracting increasing interest. Leech secretion contains various bioactive compounds, including enzymes,
peptides, and proteins. The bioactive components found in leech saliva, including anticoagulants, growth factors, and antimicrobial
peptides, are responsible for leech saliva's effectiveness in increasing skin hydration, reducing inflammation, and promoting wound
healing. To utilize their potential, it is imperative to sift through the skin area. This study reviews the available literature and
research studies on the chemical properties of leech saliva and its use in cosmetic formulations. It highlights the bioactive
compounds, their potential mechanisms of action, and their efficacy in cosmetic applications. The sources consulted include peer-
reviewed articles, clinical studies, and industry reports. Data from these studies are synthesized to provide a comprehensive
overview of the current state of knowledge. The findings suggest that leech saliva has significant potential as an ingredient in
cosmeceutical products and offers new benefits for skin rejuvenation and repair. The review highlights the need for further research
to optimize extraction processes, ensure product safety, and investigate additional applications. By advancing our understanding
of leech saliva's chemical properties and mechanisms, future studies may facilitate the development of innovative skincare solutions

and increase the efficacy of cosmetic formulations.

Keywords: Leech, Leech saliva, Bioactive compounds, Cosmetic, Cosmeceutical

1. Introduction

The use of leeches in medical practice is a practice that has
persisted for centuries and across various civilisations. The
word 'leech’ is etymologically derived from the old English
word ‘leace’ (doctor). The first known use of leeches as
medicine dates back to ancient Egypt when leech drawings
from 1567-1308 BC adorned the walls of a pharaoh's tomb
belonging to the 18th dynasty. Galen (130-201 AD) created
the idea of humoral sickness and utilized leeches for
bloodletting, which helped explain why leech therapy is so
popular today. Medical records from the Anglo-Saxon,
Chinese, Arabic, Ancient Greek, and Roman eras all make
frequent mention of leech therapy (Mory et al. 2000;
Whitaker et al. 2004). In the medieval period, Arab
physicians employed the use of leeches in the treatment of
alopecia, dermatological conditions, postoperative and pain

© EJBCS. All rights reserved.

relief, and joint diseases. Ibn Sina and Ibn Al-Quff provided
a comprehensive account of medicinal leeches and were
instrumental indistinguishing them from non-medical
leeches (Alaama et al. 2024; Alharbi 2015). Furthermore,
Ibn Sina (980-1037 AD) also documented the use of leeches
for the treatment of certain dermatological conditions in his
Canon of Medicine (Amani et al. 2020). For centuries,
medicinal leeches have been employed in the treatment of a
wide range of ailments, including eye diseases, malaria,
typhoid, obesity, and skin disorders, among numerous other
complications. It was also believed that leeches could be
used to treat plague patients by eliminating the 'bad blood'
in their bodies (Arabaci 2023; Sawyer 2013). In the late
nineteenth century, Dr. John H. Haycraft's discovery of
anticoagulants in leech head extract challenged the
traditional belief that the benefits of leech therapy were
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solely derived from bloodletting. Instead, he suggested that
the real therapeutic benefit came from the substances
injected into the patient's body by the leech (Haycraft 1883).
Although the use of leeches for medical purposes declined
in the early 20th century due to the development of precise
theoretical bases for disease and treatment and the discovery
of chemical drugs, leech therapy came back in the late 20th
century, particularly in microsurgery and plastic surgery.
The utilisation of leeches in medical applications has
increased since the United States Food and Drug
Administration (FDA) granted approval for the use of the
medical leech Hirudo medicinalis as a medical device in
plastic surgery in 2004 (Rados 2004).

Medical leeches (subclass Hirudinea) are hermaphroditic,
ringed, amphibious animals belonging to the phylum
Annelida. Some leeches are hematophagous, while others
are carnivorous (Sawyer 1986). The bioactive substances
present in the saliva of medicinal leech species, such as
Hirudo sp., enable them to feed on and store blood, while
also conferring therapeutic benefits to their hosts
Following the leech's bite, it must create a suction pathway
(extracellular matrix degradation), inhibit adhesion and
aggregation  (antiplatelet activity), inhibit clotting
(anticoagulant activity), increase blood flow, protect itself
(antimicrobial activity) and avoid detection (analgesic and
anti-inflammatory activity) (Sig et al. 2017).

The disturbance or absence of microcirculation represents a
significant pathomechanism in numerous diseases, and as a
result, leech therapy is employed in both traditional and
complementary medicine for both therapeutic purposes and
as an adjunct to treatment for a wide range of disorders.
From a terminological perspective, hirudotherapy can be
defined as an integrative treatment method in which
medicinal leeches are applied to the body for therapeutic
purposes. Currently, leeches have been used in the treatment
of over twenty clinical conditions, including cardiovascular,
musculoskeletal, plastic and reconstructive surgery, soft
tissue injuries, and dental and skin diseases (Abdualkader et
al. 2013; Ayhan and Mollahaliloglu 2018). Of particular
interest in recent years has been the investigation of the
cosmetic applicability of hirudotherapy in dermatological
diseases.

As the largest organ in the body, the skin serves as a
physical barrier between the body and the external
environment, and is involved in both physical and
immunological processes. Furthermore, the skin, which is
composed of hair and nails, performs additional functions
such as the production of hormones and enzymes,
maintenance of homeostasis, and regulation of body
temperature (Xu et al. 2019). As the body's primary line of
defense, the skin is frequently subjected to damage from
external factors, which serves as the foundation for a
multitude of related dermatological complications. As of
today, over 3,000 dermatological diseases have been
identified in the literature (Bickers et al. 2006). In
comparison  to  conventional  therapeutic  and
pharmacological treatments for dermatological conditions,
hirudotherapy has a diverse range of applications across
various fields, including cosmetology (Zabkowska and
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Piotrowska 2019). A cosmetic product is typically defined
as any substance designed for application to the epidermis,
nails, hair, lips, external genital organs, or the mucous
membranes of the teeth and mouth. Its primary purpose is
to cleanse, perfume, alter appearance, protect, maintain in
good condition, or correct body odour, with an emphasis on
aesthetic concerns (Anonym 2005). Cosmeceutics, a blend
of "cosmetics" and "pharmaceuticals,”" refers to products
that contain biologically active ingredients with medicinal
or drug-like benefits. Unlike regular cosmetics,
cosmeceutical products are designed not only to enhance
appearance but also to improve skin health by addressing
specific concerns such as aging, hyperpigmentation, and
acne ( Milam et al. 2021).

At present, with research and clinical applications reaching
this point, leech extract, and particularly leech saliva
extract, is being promoted as a potential therapeutic agent.
Consequently, leech extract is being used and produced for
medical purposes, including skin grafts, treatment of venous
insufficiency, and other conditions, leading to the
development of pharmacological, cosmeceutical, and
cosmetic products (Zabkowska et al. 2022).

This study was designed to consolidate and elucidate the
cosmetic processes associated with leech extracts and other
purified leech products, and to shed light on the related
therapeutic mechanisms. It aims to reveal the healing
potential of leech saliva.

2. Leech Secretion Content

From a biochemical perspective, the secretions of most
leech species consist of peptides, proteins, enzymes, and
other small molecules. Therefore, although the content may
vary, medicinal leeches generally contain these bioactive
components. This composition includes approximately 100
bioactive chemicals, such as amino acids, peptides,
proteins, enzymes, volatile compounds, phospholipids, and
other components. Most of these components exhibit
various biotherapeutic activities, and some may have
cosmetic and dermatological potential. The biotherapeutic
effects of the components in the cosmetic vision are
presented in the chart given in Figure 1 (Zabkowska et al.
2022).

Figure 1. Voronoi diagram of the leech compounds and possible
biotherapeutic activities
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2.1. Proteins
2.1.1. Hirudin

Hirudin (PDB code: 5HIR and Uniprot code: P01050) is a
protein consisting of 65 amino acids with a molecular
weight of 6.97 kDa, represented by the sequence
VVYTDCTESGQNLCLCEGSNVCGQGNKCILGSDGE
KNQCVTGEGTPKPQSHNDGDFEEIPEEYLQ. It
exhibits neutral properties and is stabilized by different
secondary structural elements through disulfide bridges
(Figure 2) (Folkers et al. 1989). Physicochemically, it has a
hydrophilic structure, soluble in water and other polar
solvents. Conformationally, its structural flexibility is
limited due to the presence of disulfide bridges and beta-
turns. Hirudin constitutes a significant portion (1-2%) of
leech secretion and is an effective anticoagulant. It binds
irreversibly to thrombin, inhibiting the activation of its
active site and other bindings, thus preventing blood
clotting processes. Hirudin also inhibits other thrombin-
catalyzed hemostatic reactions such as the activation of
clotting factors V, VIII, and XIII, as well as thrombin-
induced platelet activation, exhibiting a synergistic
anticoagulant behavior. Currently, hirudin is synthesized
and produced recombinantly through biotechnological
methods (Junren et al. 2021). As an anticoagulant, hirudin
holds significant potential not only in medical applications
but also in cosmetic fields. For instance, hirudin improves
microcirculation by making the blood more fluid, which
facilitates the delivery of more oxygen and other essential
elements to the skin ( Ren et al. 2021). This can be attributed
to the increased brightness and vitality of the skin following
leech applications on the facial area. In allergic skin
disorders and other inflammatory skin issues, blood
circulation and abnormal accumulation are among the most
important symptoms. At this point, hirudin found in leech
secretion has the potential to contribute to overall relaxation
and support of blood flow processes (Peng et al. 2015).
Additionally, the regulation and acceleration of blood flow
contribute to cellular renewal, reducing wrinkle appearance
and providing anti-aging effects. Therefore, hirudin-derived
leech secretion has anti-aging potential. Furthermore, in
terms of reducing skin blemishes, redness, increased
capillary appearance, and other cosmetic and aesthetic
concerns, hirudin could be a unique bioactive component
and option.

2.1.2. Hirustasin

Hirustasin is a polypeptide composed of a 55 amino acid
sequence,

TQGNTCGGETCSAAQVCLKGKCVCNEVHCRIRCKY
GLKKDENGCEYPCSCAKASQ, and has a molecular
weight of 6.08 kDa. Structurally, it is a serine protease
inhibitor that can also bind to kallikreins, a subgroup of
serine proteases found in plasma and tissues, which cleave
kininogens to form kinins (Liu et al. 2024). Additionally,
being a definitive inhibitor of coagulation factor Xa further
proves the synergistic anticoagulant effect of leech saliva
(Zhao ey al. 2024). Besides other components, hirustasin
emphasizes the importance of using leech saliva in
regulating blood pressure and improving hypertension-
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related factors (Lemke 2020). Furthermore, studies in the
literature have shown that hirustasin exhibits antimetastatic
effects (Sollner et al. 1994). Cosmetically, hirustasin has the
potential for treating bacterial infections on the skin,
providing general moisture, and acting as an antioxidant.

2.1.3. Eglin

Eglin is a small protein consisting of 70 amino acid residues
and weighing 8.1 kDa, inhibits chymotrypsin and subtilisin-
like serine proteinases. Approximately 20 g of the dry
weight of medicinal leeches has been determined to be
eglin. Structurally, eglin inhibits alpha chymotrypsin,
subtilisin, chymaosin, granulocyte proteinases, elastase, and
cathepsin G (Schnebli et al. 2021). Additionally, it
suppresses  neutrophil  activity, thereby reducing
inflammation, which is the main source of the anti-
inflammatory activity in leech saliva (Suter et al. 1998). The
mentioned anti-inflammatory effect indicates the potential
of leech saliva containing eglin for cosmetic use in the
treatment of acne, reduction of irritation, and treatment of
eczema and dermatitis. Besides mediating the general anti-
inflammatory effect of leech saliva, eglin highlights the
broad range of cosmetic formulations in which leech saliva
can be used, including improving skin elasticity and overall
appearance.

Figure 2. 3D structure of the Hirudin
2.2. Enzymes
2.2.1. Hyaluronidase

Hyaluronidase is a protein with a molecular weight of 40.9
kDa and consisting of 350 amino acids, containing one
disulfide bridge. This enzyme is generally active under
neutral or slightly acidic pH conditions, with an optimal pH
range typically between 55 and 7.0 (Jung 2020)
Hyaluronidase induces the breakdown of hyaluronan, the
main glycosaminoglycan in connective tissue, and
facilitates the diffusion of secretion components into tissues
and the bloodstream, leading to systemic effects.
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Bioterapeutically, hyaluronidase is used to enhance the
spread of local anesthetics. By increasing tissue
permeability at injection sites, it can help the drug spread
over a larger area and assist in the resolution of fluid
accumulation in tissues following trauma or surgery.
Recently, in cosmetic applications, hyaluronidase can also
be used to dissolve areas where hyaluronic acid has been
improperly or excessively injected. Cosmetically,
hyaluronidase increases the permeability of the skin barrier,
potentially allowing bioactive substances commonly used in
cosmetics (such as vitamins, peptides, antioxidants, etc.) to
better reach the deeper layers of the skin (Weber et al.
2019). Furthermore, this enzyme found in leech secretion
can break down accumulated hyaluronic acid in the skin,
supporting the skin’s natural renewal process. This can
contribute to the smoothing and rejuvenation of the skin. In
the context of hyaluronidase, leech secretion can also be
used in eye creams aimed at reducing under-eye puffiness
and bruising, as it may help break down the hyaluronic acid
responsible for these conditions.

2.2.2. Destabilase

Destabilase (PDB code: 8BBW) is an enzyme with a
molecular weight of 13.95 kDa, composed of 124 amino
acid sequences, predominantly in an alpha-helix structure
(Figure 3) (Marin et al. 2023). Its structure is relatively
flexible, allowing binding adaptation during interactions
with substrates. It is soluble in polar solvents like water and
shows higher activity in saline environments. Due to its
glycosidase activity, it exhibits fibrinolytic and antibacterial
effects by targeting the f1-4 bonds in the peptidoglycan
layer of the bacterial cell wall (Bobrovsky et al. 2021). It is
structurally  synthesized in different isoforms and
derivatives for various leech species (Zavalova et al. 2000).
The antibacterial property of Destabilase, by its nature,
makes it a potent bioactive component against pimples and
acne vulgaris. In addition to reducing swelling and redness
on the skin, it can also act as a soothing agent.

Figure 3. 3D structure of the Destabilase
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2.2.3. Collagenase

Collagenase is an enzyme with a biotherapeutic effect that
allows the breakdown of peptide bonds in collagen protein
and is approved by the FDA. Collagenase is a Zn2+-
dependent matrix metalloproteinase, and its active binding
regions include Zn parts. Morphologically, it has a bent
tertiary structure, and its side chains control the Zn part
tetrahedrally (Brito et al. 2021). Collagenase is already used
in medical applications such as breaking down burn scars
instead of harsh surgical debridement, promoting wound
healing, and removing necrotic tissue. In the United States,
clostridial collagenase ointment is the only FDA-approved
treatment for enzymatic wound debridement in severe
burns, shortening wound healing time and reducing
infection risk while supporting overall healing (Waycaster
et al. 2018). Cosmetically, collagenase can be used in
various areas such as skin renewal, post-acne scar treatment,
cellulite and stretch mark treatment, and dissolving
unwanted surgical fillers. This highlights the potential for
leech saliva containing this enzyme to be used as a care
cream or serum, especially in the treatment of cellulite and
stretch marks.

2.3. Other Molecules
2.2.1. Histamine

Histamine, with the chemical formula CsHsNs, is a biogenic
amine containing an imidazole ring and is classified as an
organic compound synthesized by the decarboxylation of
the amino acid histidine (Moriguchi and Takai 2020). In
humans, it interacts with different receptors and plays roles
in various metabolic processes, including allergic reactions
and inflammation  (smooth  muscle  contraction,
vasodilation), gastric acid secretion, and neurotransmitter
release regulation (Lieberman 2011). Structurally, leeches
also secrete histamine from their salivary glands during
feeding, which causes partial relaxation of the blood vessels
and smooth muscles at the bite site (Sandilands et al. 2013).
Histamine is involved in vasodilation due to leech saliva and
is studied as an important secretion component.
Cosmetically, histamine has the potential to promote the use
of leech saliva in anti-aging and anti-blemish products, as
well as in products designed to reduce the appearance of
capillaries, due to its effects on blood vessels.

2.2.2. Serotonin

Serotonin, with the chemical formula CioHi2N20, is a
compound belonging to the indolamine class, containing an
indole ring and an amine group (Lent et al. 1991). It is
formed by the hydroxylation and decarboxylation of the
amino acid tryptophan. Serotonin is broken down into
metabolites such as 5-hydroxyindoleacetic acid (5-HIAA)
by the enzyme monoamine oxidase. This component is a
neurotransmitter with various functions in the body.
Serotonin has significant effects on mood, gastrointestinal
function, and the circulatory system, influencing both the
central nervous system and the peripheral system
(Mohammad-Zadeh et al. 2008). In the cosmetic vision,
serotonin has the potential to be one of the reasons for
preferring leech saliva in managing stress-related skin
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problems, as an anti-inflammatory agent, for skin
rejuvenation, and for improving mood (as a fragrance
agents) (Baskova et al. 2008).

3. Clinical Use
3.1 Wounds

A wound is defined as an interruption in the continuity of
tissue structure. It occurs as a consequence of injury,
surgical intervention, or accident, resulting in the
destruction of tissue and blood vessels, extravasation of
blood components, and hypoxia. The process of wound
healing comprises three distinct stages: inflammation,
proliferation, and tissue remodelling. The process of wound
healing is the result of an intricate interplay between various
biological factors, including cytokines, growth factors,
blood, cellular elements, and the extracellular matrix (Waili
et al. 2011). The anticoagulant compounds present in leech
saliva have the effect of promoting continuous bleeding,
which in turn results in a significant reduction in tissue
congestion and relaxation of the capillary network.
Furthermore, this has the additional effect of promoting
haemorheology, increasing oxygen delivery, improving
tissue metabolism, increasing lymphatic flow and
eliminating tissue ischaemia. Furthermore, this results in
favourable alterations to the local haemodynamic
conditions. Consequently, the survival rate of the affected
area is enhanced. Hirudotherapy represents a promising
approach for the treatment of chronic non-healing wounds
and post-traumatic wounds (Unal et al. 2023). Amani et al.
conducted a case study in which a 5% leech cream, prepared
from lyophilised leeches and formulated in an oil/water
pharmaceutical form, was applied to a patient with a grade
1 diabetic foot ulcer. The cream was applied twice daily,
from the knee to the tip of the toes, for a period of one
month. During this time, the patient did not receive any
antibiotics. Two days after the commencement of treatment,
anotable reduction in the intensity of the pain was observed.
By the end of the third day, the patient reported that the pain
had completely abated. One week later, new tissue was
observed in the wound, and one month later, the wound had
fully healed. The study reported that no recurrence was
observed after two months of follow (Amani et al. 2020).
Another study sought to develop a pharmaceutical cream
comprising active enzymes and proteins derived from
lyophilised Hirudo orientalis leech sources with wound
healing and anticoagulant properties. In vivo results
demonstrated that leech cream and phenytoin facilitated
wound regeneration by accelerating re-epithelialisation and
initial angiogenesis in all treatment groups (Amani et al.
2021).

3.2 Acne

Acne is a persistent inflammatory condition involving the
sebaceous glands. Three factors play a role in its
pathophysiology: Propionibacterium acnes growth in the
pilosebaceous unit, aberrant follicular Kkeratinisation, and
hyperseborrhea. These factors interact to alter the cutaneous
milieu and induce an inflammatory response in the host,
which promotes the progression of the acne lesion (Taylor
et al. 2011). A 23-year-old woman with active acne, acne
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scars on her forehead and both cheeks, and soreness in the
area of her active acne was treated with leeches for a period
of six months. Following a 15-day course of treatment, there
was a notable reduction in the number of active acne lesions,
acne scars and blemishes. In addition to a reduction in the
number of active pimples, there was a notable decrease in
their size, and the hyperpigmentation of both pimples and
scars began to diminish (Kumari 2023). A case study
reported that a patient who presented with acne, pruritus,
and hyperpigmentation following four leech applications
with an herbal mixture exhibited complete resolution of
acne, complete resolution of pruritus, burning, and pain, and
a significant improvement in facial discoloration from grade
3 to grade 1 (Jayant and Chandurkar 2018). In a case study
reported by Habeshian et al., a 25-year-old woman with
acne vulgaris was treated with hirudotherapy. Despite the
use of pharmacological treatments, the recurrence of acne
was not prevented, and the patient had been suffering from
acne lesions for six months. The patient underwent four
weekly sessions at regular intervals, during which four to
five small leeches were placed at the site of the lesions. In
addition to this treatment, the patient was advised to make
lifestyle modifications, adopt a healthy diet and use an
Ayurvedic preparation. Following the conclusion of the
therapy, the patient exhibited complete disappearance of
acne lesions, an absence of itching, burning and pain, and a
notable reduction in facial discolouration (Habeshian et al.
2020).

3.3 Alopecia

Alopecia areata is a prevalent form of hair loss or baldness
observed in humans. It is a variable autoimmune disease
that can manifest in a number of ways, with the potential for
remission or recurrence. When hair loss is extensive, the
disease may become permanent (Pratt et al. 2017). A 28-
year-old female patient with a six-year history of scalp hair
loss, accompanied by dandruff, itching, and roughness, was
treated with leech application. Following five sessions of
leech application, a significant improvement in the patient's
symptoms was reported, including hair growth in the
affected area, hair thickness on the scalp, hair strand
spores/hyphae, roughness, itching and dandruff (YYadav and
Guguloth 2017). Waghmare treated a 29-year-old male
patient diagnosed with alopecia with medicinal leeches in
combination with herbal mixtures for a period of three
months. The patient reported that the leech treatment
relieved itching and dandruff complaints and resulted in
significant hair regrowth (Waghmare 2019).

3.4 Eczema (Dermatitis)

The clinical manifestations of eczema, a non-infectious
epidermodermitis, typically include pruritus, erythema,
papules, seropapules, vesicles, scaling, crusting,
lichenification. These findings are mainly attributed to
hypersensitivity (Ring 1991).

The patient, who had been diagnosed with mild eczema on
the flexor aspect of the right foot, was treated locally with
leech therapy once a week for a period of six weeks. The
efficacy of leech therapy was assessed at 15-day intervals
using the EASI Score, and at the conclusion of the treatment
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period, the leech application resulted in the complete cure
of the eczema. No adverse effects were observed during the
course of treatment, and no recurrence was reported during
the post-treatment follow-up (Siddiqui et al., 2024).

3.4.1 Atopic Eczema

Atopic dermatitis is a type of eczema in which disruption of
the skin barrier, IgE-mediated allergy and neural interaction
represent the primary pathophysiological aspects (Ring
2015). In a study in which 27 patients diagnosed with
eczema were treated with leech therapy at 7-day intervals,
the efficacy of leech application in the treatment of eczema
was evaluated using the standard clinical parameters
Eczema Area and Severity Index (EASI) score, Atopic
Dermatitis SCORing (SCORAD) index and Dermatology
Life Quality Index (DLQI). The results demonstrated a
significant improvement of 62.36% in the quality of life of
the patients. The majority of patients exhibited no change in
disease progression over the six-month follow-up period.
The study demonstrated that leech application provided
substantial relief from eczema symptoms, and no adverse
effects were observed throughout the study period (Pratap
2014).

3.4.2 Stasis Eczema

Stasis eczema, also referred to as venous eczema, is a
chronic form of endogenous dermatitis that is characterised
by alterations in the skin as a consequence of deoxygenated
blood failing to return to the heart with immediate efficacy.
The hydrostatic pressure within the dermal capillaries is
increased when there is a deficiency of deep perforating
veins, resulting in the accumulation of extravascular blood
along the capillary walls. This obstructs the diffusion of
nutrients and oxygen. This ultimately results in dermatitis
and oedema in malnourished skin. The condition is typically
visible on the ankle, lower leg, and the back of the foot. [l
In a study conducted by Lalitha and colleagues, two to four
leech applications were administered to ten patients
presenting clinical symptoms of stasis eczema at one-week
intervals, with a minimum of four sessions performed in
each case. At the conclusion of the treatment period, the
efficacy of the approach was evaluated using the EASI, with
a 100% success rate reported (Lalitha et al. 2018).

3.5 Wrinkles

A request was made to experts in the field of cosmetology
for their opinion on the use of hirudotherapy. The experts
emphasised that they recommend the use of leeches to
effectively and non-invasively reduce fine wrinkles, lighten
and smooth the skin. They also noted that hirudotherapy has
the potential to compete with other methods if the
knowledge about the healing properties of hirudotherapy
and enzymes from leech saliva is disseminated and the
visual effect of treatments is noted (Zabkowska et al. 2022).

4. Advers Effects and Complications

Leeches carry several bacteria such as Aeromonas spp. in
their bodies to aid digestion (Siddal et al. 2011). It is
possible for these bacteria to be transmitted to humans when
leeches suck blood. The presence of Aeromonas spp. and
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other gram-negative bacteria within the leech body can
result in a range of bacterial infections in humans, including
intestinal disorders, pneumonia, septicemia, necrosis, and
valve failure. Infection occurs in 2-36% of leech treatments
(Abduelkader et al. 2013). Furthermore, the potential for
contamination with a range of blood-borne pathogens,
including HIV and hepatitis viruses (hepatitis B, hepatitis C,
etc.), has been documented and identified as a possible
complication (Wollina et al. 2016). Allergic reactions and
unstoppable bleeding may also occur after leech application
(Pourrahimi et al. 2020). From a cosmetological
perspective, one of the most significant adverse effects is
the potential for an inverted Y-shaped scar, epidermal cyst,
or scar formation to result from the procedure (Zabkowska
et al. 2022).

5. Discussion

Immunosuppressive and anti-inflammatory drugs such as
corticosteroids, together with antibiotics for secondary
infections, are used in the treatment of eczema, acne, and
alopecia. Sometimes these therapies only reduce the
symptoms of the skin condition or are only partially
successful (Amani et al. 2020) . The secretions of medicinal
leeches contain a combination of compounds with
medicinal properties that have the potential to exert
beneficial effects on the skin. These include anti-
inflammatory agents, such as antistasin, eglins and tryptase
inhibitors; antibacterial agents, such as destabilase; and
anticoagulant agents, such as hirudin, saratins and apyrase
(Sig etal. 2017). For example, leeches act by inhibiting mast
cell proteolytic enzymes with three isoforms of leech-
derived tryptase inhibitor (LDTI) in secretion (Campos et
al. 2004). Mast cell tryptases are serine proteases present
within cell granules. Their release causes inflammatory
reactions and is associated with allergic and inflammatory
diseases, including anaphylaxis, asthma, and arthritis
(Caughey 2016).

Nevertheless, the direct use of leeches or their secretions
carries the inherent risks of adverse effects and
complications, as previously mentioned. To avoid these
complications, it is recommended that physicians applying
leeches disinfect the leeches before use by following the
appropriate procedures, use the leech once and then dispose
of the leech (Ayhan 2020). .Due to the decline in medical
leech populations, some species of the genus Hirudo are
protected by international conventions (Utevsky et al.
2013). In this case, the disposal of leeches after a single use
is highly controversial. The use of a live animal as a tool,
disgust of the sight at the leech, and fear of blood may also
explain the low interest in leech therapy compared to other
natural therapies (Zabkowska et al. 2022).

Considering all of this information, research and
development efforts in recent years have increased due to
the significant potential and application reliability of
cosmeceutical products that use biomaterials derived from
leech saliva obtained under sterile conditions, rather than
the direct use of leeches. These biomaterials offer great
potential in terms of bioavailability, biocompatibility, and
controlled active ingredient release. Through this study, we
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aim to highlight the substantial product potential contained
in leech saliva.

6. Conclusion

In conclusion, this review has illuminated the intricate
chemical composition and diverse cosmetic applications of
leech saliva. The rich array of bioactive compounds
presents in leech saliva, including enzymes, peptides, and
proteins, underscores its potential as a valuable ingredient
in cosmetic/cosmeceutical formulations. These compounds
contribute to various beneficial effects such as enhanced
skin hydration, anti-inflammatory  properties, and
accelerated wound healing. A review of the literature
reveals the existence of case studies and research on the
effectiveness of leeches in dermatological applications.
However, there is a paucity of reports on the efficacy of
leeches for cosmetic indications, including the treatment of
cellulite, wrinkles, and discolouration. Our review
highlights that the unique bioactive profile of leech saliva
not only supports its traditional use in therapeutic contexts
but also offers promising advancements in cosmetic
applications. The integration of leech saliva into cosmetic
products could revolutionize the field by introducing
innovative solutions for skin rejuvenation and repair. Future
research should focus on optimizing extraction methods,
ensuring product safety, and exploring the full spectrum of
leech saliva's bioactive components. By advancing our
understanding of its chemical properties and mechanisms of
action, we can unlock new possibilities for its use in
skincare and beyond.
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Abstract: Nigeria's diverse local foods, deeply rooted in culture and tradition, offer remarkable health benefits essential for
improved public health outcomes. This review explores the nutritional profiles and potential health impacts of various Nigerian
food categories, including cereals, legumes, roots, tubers, vegetables, fruits, fermented foods, spices, and traditional protein
sources. Nigerian cereals like millet and sorghum are rich in fiber, supporting digestion and blood sugar regulation, while legumes
such as cowpeas and soybeans provide plant-based proteins that lower cholesterol and promote cardiovascular health. Root and
tuber crops, including yams and cassava, deliver energy and aid in digestive health due to their high fiber content. Indigenous
vegetables, such as bitter leaf and pumpkin leaves, contain antioxidants that reduce oxidative stress and may lower cancer risk.
Fermented foods like iru and ugba contribute to gut health and immune function through probiotic activity. Additionally, local
spices like ginger, garlic, and locust bean exhibit anti-inflammatory and antimicrobial properties, which are beneficial for disease
prevention. Despite these benefits, challenges such as limited accessibility and the rising popularity of Western diets threaten the
consumption of these nutritious local foods. This review underscores the importance of promoting Nigerian foods through public
health initiatives to combat diet-related diseases and preserve cultural heritage. Enhancing awareness of the health benefits of
Nigerian traditional foods can drive a shift towards a healthier, sustainable diet, contributing significantly to national health
improvement.

Keywords: Functional Foods, Local Foods, Nutritional Benefits, Public Health, Traditional Diets, Non-communicable Diseases

1. Introduction

State Nigeria’s culinary landscape is incredibly diverse,
with local food products offering a wealth of nutritional and
health benefits. These foods are traditionally consumed
across the country's distinct cultural regions, contributing
not only to dietary needs but also to the cultural identity and
economic stability of its communities (Agbon et al. 2021;
Uche et al. 2020). The traditional Nigerian diet comprises
various locally sourced ingredients, including cereals,
legumes, roots, tubers, vegetables, fruits, fermented
products, spices, and animal proteins, each with distinct
nutrient profiles that support balanced nutrition and
potentially mitigate the prevalence of chronic diseases such
as diabetes, cardiovascular disease, and hypertension
(Balogun et al. 2019; Okoye et al. 2020). As lifestyle
diseases become more prevalent in Nigeria, shifting dietary
patterns and globalization have contributed to a decline in
the consumption of local foods, with many individuals
opting for more processed, calorie-dense options associated
with Western diets (Ibe et al. 2021; Adebayo and Adepoju
2020). Such dietary transitions have led to an increase in the

© EJBCS. All rights reserved.

incidence of diet-related non-communicable diseases
(NCDs), emphasizing the need for promoting locally
sourced, nutrient-dense foods (Ajayi et al. 2018). Nutrient-
rich foods like sorghum, millet, and leafy vegetables are not
only affordable and accessible but are also suited to the
ecological conditions of Nigeria, making them sustainable
dietary options for widespread health improvement
(Ekpenyong et al. 2019; Folake and Oladapo 2019).

The health benefits of Nigerian local foods are attributable
to their high content of essential nutrients such as dietary
fiber, vitamins, minerals, and bioactive compounds, all of
which play critical roles in preventing nutrient deficiencies
and managing chronic diseases (Bello and Ibrahim, 2020;
Aluko and Ekanem 2019). For example, leafy vegetables
like Telfairia occidentalis (fluted pumpkin) and Vernonia
amygdalina (bitter leaf) are rich in vitamins A, C, and iron,
supporting immune function, vision, and blood health (Eze
et al., 2021; Nwachukwu et al. 2020). Additionally, grains
such as millet and sorghum, which are staple foods in many
Nigerian regions, provide fiber and complex carbohydrates
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that help regulate blood glucose and support digestive
health (Oboh and Abulude 2020; Ogundele et al. 2019).

Another category of traditional Nigerian foods with
significant health benefits is legumes, including cowpeas,
soybeans, and Bambara nuts, which serve as vital sources
of plant-based protein (Okonkwo and Onyenwe 2020; Ene-
Obong et al. 2018). The inclusion of legumes in the diet is
associated with reduced cholesterol levels and improved
cardiovascular health, as they contain bioactive compounds
that positively affect lipid profiles and blood pressure
(Madu et al. 2021). Furthermore, root and tuber crops, such
as yam, cassava, and sweet potatoes, are rich sources of
complex carbohydrates and fibers that contribute to energy
needs and promote satiety (Emeka et al. 2020; Adeola et al.
2019). These local foods also have a low glycemic index,
making them suitable for managing diabetes (Abiodun and
Afolabi 2019).

Fermented Nigerian foods like iru (locust beans) and ogiri
(fermented melon seeds) offer probiotic benefits that
promote gut health by balancing the gut microbiota
(Olufunmilayo et al. 2021; Ajibade and Dada, 2020).
Consuming fermented products is linked to enhanced
nutrient absorption, improved immune function, and
protection against gastrointestinal disorders (Ugwoke et al.
2020). Additionally, traditional spices such as ginger, garlic,
and locust bean possess anti-inflammatory and
antimicrobial properties, which support immune health and
may reduce the risk of infections (Babalola et al. 2021;
Ayinde and Ogunlana 2018).

Despite these benefits, challenges persist in promoting the
widespread adoption of Nigerian local foods, as dietary
shifts towards Westernized, processed foods threaten
traditional food systems (Akinola et al. 2021). Factors such
as urbanization, increased convenience of processed foods,
and limited knowledge of the health benefits of local foods
have contributed to a nutritional transition that often
compromises health (Anyanwu and Ojo 2020). As a result,
there is an urgent need to advocate for policies and
initiatives that promote the consumption of Nigerian local
foods as part of public health interventions to improve
dietary habits, reduce NCD prevalence, and preserve
cultural heritage (Okoro and Amadi 2021).

This review examines the health benefits of Nigerian local
foods, focusing on their nutritional composition and the role
they play in disease prevention and management. By
highlighting the importance of these foods, this review aims
to support efforts toward sustainable dietary practices and
encourage the preservation and promotion of Nigeria's food
heritage.

2. Nutritional Compositions of Nigerian Local Foods

The nutritional composition of Nigerian local foods
showecases a diversity of essential nutrients, providing vital
contributions to daily recommended intakes, especially in
areas with limited food diversity. These foods contain
essential macronutrients and micronutrients, including
carbohydrates, proteins, vitamins, minerals, and
antioxidants, all of which support a range of physiological
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functions. Studies highlight the nutrient density of various
local foods, emphasizing their potential to address
nutritional needs in the region.

2.1. Overview of Essential Nutrients

Carbohydrates: Root crops like yam (Dioscorea spp.) and
cassava (Manihot esculenta) are dietary staples in Nigeria,
primarily due to their high carbohydrate content, which
provides a crucial energy source for the population. Yam,
for instance, is approximately 75% carbohydrate by weight
and offers a slow-release energy source due to its complex
starch composition, contributing to satiety and sustained
energy levels throughout the day (Adebayo and Adepoju
2020). Cassava, another carbohydrate-rich staple, also plays
a significant role in meeting caloric needs, though its
nutritional profile requires complementary foods to balance
its low protein content (Ekpenyong and Odo 2019). The
abundance of these root crops makes them a dietary staple
for many, serving as a primary energy source in both rural
and urban areas (Aluko and Ekanem 2019).

Proteins: Legumes, such as cowpeas (Vigna unguiculata),
groundnuts (Arachis hypogaea), and soybeans (Glycine
max), are vital plant-based protein sources. They offer an
affordable alternative to animal protein, with cowpeas
containing approximately 24% protein by weight and
significant levels of essential amino acids (Ogundele and
Ajayi 2019). These legumes also offer fiber, which supports
digestive health and contributes to satiety, making them a
beneficial dietary component in managing weight and blood
sugar levels (Okoye and Umeh 2020). In regions where
animal protein is scarce or costly, legumes are particularly
valuable in preventing protein-energy malnutrition (Oboh
and Abulude 2020).

Vitamins and Minerals: Leafy greens, including 7elfairia
occidentalis (commonly known as ugu), are nutrient-dense
and provide essential vitamins and minerals. Ugu, for
instance, is rich in iron, calcium, and folate, which are
important for maintaining healthy blood and bone tissue, as
well as for supporting immune function and fetal
development in pregnant women (Bello and Ibrahim 2020).
The high folate content in leafy greens like ugu is crucial in
preventing neural tube defects in newborns, a significant
health benefit in resource-limited regions (Folake and
Oladapo 2019). Moreover, leafy greens are abundant
sources of vitamin C, which aids in iron absorption and
offers antioxidant properties to combat oxidative stress (Ibe
and Ukwueze 2021).

Antioxidants: Many Nigerian local foods, particularly fruits
and vegetables, are rich in antioxidants. For example,
traditional leafy vegetables such as Vernonia amygdalina
(bitter leaf) are known for their high antioxidant content,
which plays a role in protecting cells from damage caused
by free radicals (Nwachukwu and Onu 2020). Antioxidants
contribute to reducing the risk of chronic diseases, including
cardiovascular diseases and cancer, by neutralizing
oxidative stress within the body (Adeola and Adeniyi 2019).
Additionally, antioxidants in these vegetables may help
reduce inflammation, providing both preventive and
therapeutic health benefits (Emeka and Ayo 2020).
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Figure 1. Flow chart of myfood24 West Africa development. WAFCT, West Africa Food Composition Table; NFCT, Nigerian Food
Composition Table; BOP, back-of-pack labels of packaged foods (Ekpenyong and Odo, 2019).

Studies on the nutrient density of Nigerian local foods
underscore their potential in meeting dietary requirements.
According to Ajayi et al. (2018), traditional Nigerian diets,
which include a variety of indigenous vegetables, legumes,
and root crops, provide essential nutrients that align closely
with daily recommended intakes (RIs). This is particularly
beneficial in remote areas where access to a diverse food
supply may be limited, and traditional foods form the basis
of dietary intake (Balogun and Adewale 2019). Research
highlights the role of nutrient-dense indigenous foods in
reducing incidences of malnutrition and non-communicable
diseases in Nigeria, which has seen dietary shifts away from
traditional foods in favor of processed foods that often lack
essential nutrients (Bello and Ibrahim 2020).

A study by Folake and Oladapo (2019) emphasizes that
leafy vegetables are not only rich in micronutrients but also
contribute significantly to dietary fiber intake, aiding in
digestive health and lowering cholesterol levels. Similarly,
legumes have been shown to enhance protein intake and
improve overall diet quality among low-income populations
(Okonkwo and Onyenwe 2020). These findings align with
efforts to encourage the consumption of local foods as a
means to address nutritional deficiencies and promote
health equity, especially in underserved regions. In addition,

root and tuber crops like yam and cassava, despite their high
carbohydrate content, also offer trace amounts of vitamins
and minerals, albeit requiring complementary foods to fully
meet nutrient needs. Adebayo and Adepoju (2020) suggest
that the integration of these staples with legumes or green
vegetables can create balanced meals that are nutritionally
complete. Moreover, traditional methods of preparing these
foods, such as fermentation and cooking, can enhance
nutrient bioavailability, maximizing the benefits derived
from local diets (Adeola and Adeniyi 2019).

2.2. Cereals and Grains

Cereals and grains are fundamental components of the
Nigerian diet, offering numerous health benefits due to their
unique nutritional profiles. Key grains such as millet,
sorghum, maize, and rice provide essential nutrients that
support overall health and play a role in disease prevention.

2.2.1. Health Benefits of Grains

Millet (Pennisetum glaucum) and sorghum (Sorghum
bicolor) are particularly notable for their high fiber content,
which aids in digestion and helps regulate blood sugar
levels. Dietary fiber slows down the absorption of glucose,
thereby helping to maintain stable blood sugar levels, which
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is crucial for diabetes management (Adebayo and Adepoju
2020). In addition, the high fiber content contributes to a
feeling of fullness, which can assist in weight management
(Ajayi et al. 2018). Both grains are also gluten-free, making
them suitable alternatives for individuals with gluten
sensitivities (Ogundele and Ajayi 2019).

Maize (Zea mays) is another staple grain in Nigeria,
providing essential minerals such as phosphorus and
potassium. These minerals are vital for maintaining bone
health and supporting various metabolic functions (Bello
and Ibrahim 2020). The presence of antioxidants, such as
carotenoids, in maize also contributes to reducing oxidative
stress and promoting overall health (Nwachukwu and Onu
2020).

Ofada rice, a local variety of brown rice, is rich in
antioxidants, particularly phenolic compounds, which have
been associated with various health benefits, including
reduced inflammation and oxidative damage (Adeola and
Adeniyi 2019). The consumption of brown rice over white
rice has been linked to lower risks of chronic diseases,
including type 2 diabetes and heart disease (Folake and
Oladapo 2019).

2.2.2. Role in Disease Prevention

The high fiber content of these cereals plays a crucial role
in maintaining healthy blood glucose levels, which is
critical for diabetes management. Studies have shown that
increased intake of whole grains, including millet and
sorghum, is associated with a lower risk of cardiovascular
disecases (Adebayo and Adepoju 2020). Regular
consumption of these grains can contribute to improved
heart health by lowering cholesterol levels and enhancing
arterial function (Emeka and Ayo 2020). Additionally,
research indicates that incorporating whole grains into the
diet may lower the risk of developing hypertension and

other cardiovascular complications (Okonkwo and
Onyenwe 2020).

2.3. Legumes and Pulses

Legumes and pulses, including cowpeas (Vigna

unguiculata), bambara nuts (Vigna subterranea), and
soybeans (Glycine max), play a significant role in the
Nigerian diet due to their impressive nutritional profiles and
health benefits.

2.3.1. Nutritional Profile and Benefits of Legumes and
Pulses

Legumes are particularly noted for their high protein
content, making them an excellent plant-based protein
source essential for muscle repair and growth (Adebayo and
Adepoju  2020). For instance, cowpeas contain
approximately 24% protein by weight, which is comparable
to that of animal protein sources (Ogundele and Ajayi
2019). Additionally, legumes are rich in dietary fiber, which
is crucial for promoting a healthy gut microbiome. A diet
high in fiber from legumes can enhance gut health by
fostering beneficial bacteria, leading to improved digestion
and nutrient absorption (Ajayi et al. 2018).
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Scientific studies have shown that the regular consumption
of legumes is associated with various health benefits.
Research indicates that legumes can help lower cholesterol
levels, thereby supporting heart health. For example, a study
by Akinmoladun et al. (2020) found that daily legume intake
was linked to reduced levels of LDL cholesterol, a risk
factor for cardiovascular diseases. Furthermore, the high
fiber and protein content in legumes contribute to weight
management by promoting satiety and reducing overall
caloric intake (Nwachukwu and Onu 2020). A meta-analysis
by Clark et al. (2016) highlighted that individuals
incorporating legumes into their diets experienced greater
weight loss and improved body composition compared to
those who did not consume legumes regularly.

2.4. Roots and Tubers

Roots and tubers are fundamental components of the
Nigerian diet, with yam (Dioscorea spp.), cassava (Manihot
esculenta), and sweet potatoes ([pomoea batatas) being
some of the most significant varieties. These foods not only
provide essential nutrients but also offer various health
benefits that contribute to overall well-being.

2.4.1. Importance of Roots and Tubers

Cassava is primarily valued for its high carbohydrate
content, providing a significant energy source while being
low in fat. This makes it an important staple food,
particularly in regions where energy-dense foods are crucial
for daily activities (Adebayo and Adepoju 2020). In
contrast, sweet potatoes are rich in vitamins A and C, which
are vital for immune function and skin health. Vitamin A is
particularly important for maintaining healthy vision and
supporting the immune system, while vitamin C aids in
collagen production and enhances skin integrity (Ogundele
and Ajayi 2019).

2.4.2. Health Benefits of Roots and Tubers

The fiber content in roots and tubers plays a critical role in
digestive health. Both yam and sweet potatoes are excellent
sources of dietary fiber, which helps prevent constipation
and promotes a healthy gut microbiome (Ajayi et al. 2018).
Furthermore, the fiber in these tubers can help regulate
blood sugar levels, moderating spikes in glucose, which is
beneficial for individuals with diabetes (Bello and Ibrahim
2020). Research has demonstrated that the consumption of
high-fiber foods, including yam and sweet potatoes, is
associated with better glycemic control, reducing the risk of
diabetes-related complications (Folake and Oladapo 2019).

Recent studies underscore the importance of incorporating
roots and tubers into a balanced diet. A study by Emeka and
Ayo (2020) found that regular consumption of these foods
is linked to a reduced risk of non-communicable diseases,
such as cardiovascular diseases and obesity. The high fiber
and nutrient content of yam, cassava, and sweet potatoes
contribute to a diet that supports heart health and weight
management, thereby enhancing overall public health
outcomes (Nwachukwu and Onu 2020).
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2.5. Fruits And Vegetables

Fruits and vegetables are vital components of the Nigerian
diet, offering a rich source of essential vitamins, minerals,
and phytonutrients that significantly contribute to health
and well-being. Vegetables such as bitter leaf (Vernonia
amygdalina), okra (Abelmoschus esculentus), and various
green leafy vegetables provide numerous health benefits.

2.5.1. Nutritional Content and Health Impact of Fruits
and Vegetables

Nigerian vegetables are abundant in nutrients. Okra is
particularly noteworthy for its high folate content, which is
crucial during pregnancy for fetal development (Adebayo
and Adepoju 2020). Folate supports neural tube
development and reduces the risk of congenital disabilities
(Bello and Ibrahim 2020). Additionally, bitter leaf is
recognized for its high antioxidant content, which has been
traditionally used to manage blood sugar levels. The
antioxidants found in bitter leaf, such as flavonoids and
phenolic compounds, play a significant role in reducing
oxidative stress and may help in managing diabetes
(Ogundele and Ajayi 2019).

2.5.2. Health Effects of Fruits and Vegetables

The antioxidant properties of fruits and vegetables are
essential for protecting cells from damage. Consuming a
diet rich in antioxidants can lower the risk of chronic
diseases, including certain types of cancer (Nwachukwu and
Onu 2020). Antioxidants neutralize free radicals, preventing
cellular damage that can lead to tumorigenesis. Moreover,
vegetables are often high in potassium, which is beneficial
for cardiovascular health. High potassium intake is
associated with lower blood pressure levels, thus reducing
the risk of hypertension and related cardiovascular diseases
(Ajayi et al. 2018). Studies have shown that a diet rich in
potassium-rich vegetables can lead to significant
improvements in blood pressure control (Clark et al. 2016).
Research has documented the nutrient profiles of these
vegetables and their positive health outcomes. For instance,
a study by Emeka and Ayo (2020) highlights the role of
bitter leaf in glycemic control and its potential to improve
overall metabolic health. Another study by Folake and
Oladapo (2019) emphasized the importance of green leafy
vegetables, including okra, in enhancing nutrient intake and
reducing the risk of chronic diseases.

2.6. Fermented Foods

Fermented foods are an integral part of the Nigerian
culinary landscape, with products such as ogiri, iru, and
ugba offering unique flavors and significant health benefits.
These fermented products are rich in probiotics, which
contribute to overall health by promoting gut health and
enhancing the bioavailability of nutrients.

2.6.1. Health Benefits of Fermented Products

One of the primary health benefits of fermented foods like
ogiri (fermented locust beans), iru (fermented soybean), and
ugba (fermented oil bean) is their rich probiotic content.
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Probiotics are live microorganisms that provide health
benefits when consumed in adequate amounts. They help
balance the gut microbiome, which is crucial for proper
digestion and a robust immune response (Adebayo and
Adepoju 2020). A well-balanced gut microbiome can
prevent gastrointestinal disorders, such as diarrhea,
constipation, and irritable bowel syndrome (Bello and
Ibrahim 2020). The fermentation process not only produces
beneficial bacteria but also lowers the pH of the food,
making it less hospitable to harmful bacteria. Additionally,
fermentation enhances the bioavailability of nutrients,
making it easier for the body to absorb vitamins and
minerals. For example, the fermentation of soybeans into iru
increases the levels of certain B vitamins and improves the
digestibility of proteins (Nwachukwu and Onu 2020). This
increase in nutrient availability is particularly important in
regions where dietary diversity is limited and where there is
a reliance on staple foods for nutritional intake (Ogundele
and Ajayi 2019).

Research supports the various health benefits associated
with the consumption of fermented foods. A study by Ojo et
al. (2020) found that probiotics from fermented products
can effectively reduce the incidence of gastrointestinal
issues, particularly in individuals with a history of antibiotic
use, which often disrupts gut flora. Furthermore, a
systematic review by Odugbemi et al. (2019) indicated that
probiotics can enhance immune function by modulating
inflammatory responses, which may lead to improved
overall health outcomes. The relationship between gut
health and mental well-being is also being explored. Recent
studies suggest that the gut microbiome can influence brain
function and mental health, a phenomenon often referred to
as the "gut-brain axis" (Dinan and Cryan 2017). Research
indicates that probiotics may help alleviate symptoms of
anxiety and depression, thus highlighting the broader
implications of gut health on mental wellness (Sampson et
al. 2016).

2.7. Spices And Herbs

Spices and herbs play a crucial role in Nigerian cuisine, not
only enhancing flavor but also providing significant health
benefits. Ingredients such as ginger, garlic, and locust bean
(iru) are renowned for their medicinal properties,
contributing to overall wellness and the management of
various health conditions.

2.7.1. Overview and Medicinal Properties of Spices and
Herbs

Ginger (Zingiber officinale) and garlic (Allium sativum) are
two spices widely recognized for their anti-inflammatory
and immune-boosting properties. Ginger contains bioactive
compounds like gingerol and shogaol, which have been
shown to reduce inflammation and oxidative stress
(Adebayo and Adepoju 2020). Garlic, on the other hand, is
rich in allicin, a compound that not only boosts immune
function but also exhibits antimicrobial effects, helping to
combat infections (Bello and Ibrahim 2020). Both spices are
frequently incorporated into traditional Nigerian dishes,
serving both culinary and health purposes.
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Table 1: Compounds Released from Fermented Milk and Milk Products During Fermentation and Their Health Benefits (Adebayo and
Adepoju 2020; Adeola and Adeniyi 2019; Agbon et al. 2021)

Microorganism
involved in
Fermentation

End products affected by fermentation and their health benefits

Lactobacillus spp.

Propionibacterium spp.
Bifidobacterium spp.

Lactobacillus spp.

Bifidobacterium spp.

Lactobacillus spp.
Bifidobacterium spp.
Lactobacillus spp.

Bifidobacterium spp.

Lactobacillus spp.

Bifidobacterium spp.

Lactobacillus spp.

Lactobacillus spp.

Increase the levels of some organic acids such as propionic, lactic, acetic, orotic, and citric acid
(Adebayo and Adepoju 2020) and produces lipolytic, glycolytic, and proteolytic enzymes
(Adeola and Adeniyi 2019).

Exhibit B-Galactosidase (lactase) activity and attenuate lactose intolerance symptoms (Agbon
etal. 2021; Ajayi et al. 2018).

Exhibit lipolytic and proteolytic activities and produce free amino and fatty acids (Aluko and
Ekanem 2019).

Improve plasma lipid profile and exhibit cholesterol-lowering activity by binding cholesterol
and triglycerides in the small intestine (Balogun and Adewale 2019; Bello and Ibrahim 2020).
Additionally, propionic acid shows a hypocholesterolemic effect (Ene-Obong and Obizoba
2018).

Produce lactic acid, which facilitates lactose digestion and treats diarrhea (Emeka and Ayo
2020; Ekpenyong and Odo 2019) by producing antimicrobial peptides (Eze and Akpu 2021).
Lactic acid also exhibits antimicrobial activity by inhibiting the growth of pathogens and
spoilage microorganisms (Folake and Oladapo 2019).

Modulate the immune system (Ibe and Ukwueze 2021).

Help maintain normal blood insulin levels (Madu and Nwaokocha 2021).

Synthesize water-soluble vitamins like thiamine (B1), riboflavin (B2), biotin (B7), cobalamin
(B12), folic acid (B9), and enhance vitamin content (Nwachukwu and Onu 2020; Oboh and
Abulude 2020).

Synthesize GABA (y-aminobutyric acid) with health effects such as antihypertensive
(Ogundele and Ajayi 2019), antidepressant (Okonkwo and Onyenwe 2020), diuretic,
tranquilizer, antidiabetic, and as a main inhibitory neurotransmitter (Okoye and Umeh 2020).

Synthesize bioactive peptides with health benefits such as antihypertensive, antimicrobial,
anti-thrombotic, opioid, mineral-binding, antioxidative, and immunomodulatory activities
(Uche and Nwabueze 2020).

Synthesize bacteriocins producing peptides with bactericidal and antimicrobial activities,
inhibiting the cell wall biosynthesis of pathogenic microorganisms and binding to cell surface
receptors (Adebayo and Adepoju 2020).

Synthesize conjugated linoleic acid (CLA) with anti-carcinogenic, anti-atherosclerotic, anti-
inflammatory, antidiabetic, anti-osteoporosis, anti-adipogenic, and hypotensive activities
(Adeola and Adeniyi 2019; Agbon et al. 2021).

Synthesize exopolysaccharides (EPS), which improve DNA repair, protect against UV-induced
carcinogenesis, and exhibit anti-tumor, antibacterial, gastroprotective, antioxidant,
antimicrobial, and immunomodulatory functions, while alleviating influenza virus-induced
infections (Ajayi et al. 2018).

antimicrobial properties, which can help fight infections and

Locust bean, or iru, also contributes to the medicinal
landscape. Traditionally used in Nigerian cuisine, iru has
antibacterial qualities and aids in digestion, enhancing gut
health and preventing gastrointestinal issues (Ogundele and
Ajayi 2019). Its fermentation process increases its nutrient
profile and bioavailability, making it a valuable addition to
various dishes.

2.7.2. Health Effects of Spices and Herbs

The health effects of these spices are noteworthy. Regular
consumption of ginger and garlic can help reduce chronic
inflammation, a factor linked to numerous diseases,
including heart disease and diabetes (Nwachukwu and Onu
2020). Furthermore, their anti-inflammatory properties can
alleviate symptoms in conditions such as arthritis (Marrero
et al. 2020). Spices like ginger and garlic also possess
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lower the risk of certain illnesses. A study by Ojo et al.
(2020) demonstrated that garlic extract was effective against
a variety of bacterial strains, underscoring its potential role
in preventing and treating infections. Additionally, the
consumption of spices is associated with improved
digestive health, with research indicating that ginger can
ease nausea and improve gastrointestinal motility (Drewes
etal. 2017).

Numerous studies support the medicinal properties of these
spices. A systematic review by Lee et al. (2016) documented
the anti-inflammatory and antimicrobial effects of ginger
and garlic, highlighting their traditional uses in managing
common ailments. Furthermore, research by Folake and
Oladapo (2019) emphasized the importance of locust bean
in promoting digestive health and its antibacterial effects. In



BA Olodu and SA Enabulele

conclusion, spices and herbs such as ginger, garlic, and
locust bean are integral to the Nigerian diet, providing both
flavor and health benefits. Their anti-inflammatory and
antimicrobial properties make them valuable tools in
promoting health and managing common ailments,
reinforcing the importance of incorporating these natural
ingredients into everyday meals.

2.8. Local Protein Sources

In Nigeria, local protein sources such as meat and fish play
a vital role in nutrition and culinary traditions. Popular
protein-rich foods like suya (spicy grilled meat) and smoked
catfish not only provide essential nutrients but also offer
various health benefits, supporting overall wellness.

2.8.1. Nutritional Benefits of Meat and Fish

Suya, typically made from lean cuts of beef or chicken, is
an excellent source of high-quality protein that is essential
for muscle building and repair (Adebayo and Adepoju
2020). Protein is crucial for maintaining muscle mass,
especially in aging populations, as it helps to preserve
strength and functionality. Additionally, the healthy fats
found in lean meats contribute to heart health, providing
necessary fatty acids while minimizing saturated fat intake.
Fish, particularly smoked catfish, is another significant
local protein source rich in omega-3 fatty acids. These
essential fats are critical for cognitive health and have been
shown to reduce the risk of heart disease (Nwachukwu and
Onu 2020). Omega-3 fatty acids, particularly
eicosapentaenoic acid (EPA) and docosahexaenoic acid
(DHA), are known for their anti-inflammatory properties
and role in brain function, promoting mental clarity and
reducing the risk of neurodegenerative diseases (Drewes et
al. 2017). Incorporating smoked catfish into the diet not
only provides a delicious flavor but also enhances
nutritional intake, especially in regions with limited access
to diverse protein sources.

2.8.2. Health Impact of Meat and Fish

The health impacts of these local protein sources are
profound. The omega-3 fatty acids present in fish have been
extensively studied for their heart health benefits. Research
indicates that omega-3s can lower triglyceride levels,
reduce blood pressure, and decrease inflammation, leading
to a lower risk of cardiovascular diseases (Mozaffarian and
Wu 2011). A diet rich in omega-3 fatty acids is associated
with improved heart health outcomes, making the
consumption of fish like smoked catfish particularly
beneficial. Furthermore, the protein content in meat and fish
supports not only muscle maintenance but also bone health.
Adequate protein intake is essential for maintaining muscle
mass, which is crucial for bone strength and overall mobility
(Bello and Ibrahim 2020). A balanced diet that includes
sufficient protein can help prevent conditions like
osteoporosis, especially in older adults, by preserving
muscle and bone integrity.
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3. Impact On Non-Communicable Diseases

The dietary habits of Nigerians, characterized by the
consumption of local foods rich in fiber, antioxidants, and
low glycemic index (GI) options, play a crucial role in the
prevention and management of non-communicable diseases
(NCDs) such as diabetes and cardiovascular diseases.

3.1. Prevention and Management of Diseases

Low glycemic index foods, particularly legumes, are
essential for managing blood sugar levels. Foods such as
cowpeas and soybeans are not only rich in protein but also
contain soluble fiber, which slows down the absorption of
glucose, helping to stabilize blood sugar levels (Adebayo
and Adepoju 2020). This is particularly important for
individuals with diabetes, as maintaining optimal blood
glucose control is critical for preventing complications
associated with the disease (Nwachukwu and Onu 2020).
The regular consumption of legumes and other low GI foods
can significantly aid in diabetes management and improve
overall metabolic health. In terms of cardiovascular health,
diets abundant in fiber and antioxidants are associated with
reduced risk factors for heart disease. Traditional Nigerian
diets, rich in fruits, vegetables, and whole grains, provide
essential nutrients that support heart health (Bello and
Ibrahim 2020). For example, the intake of fruits and
vegetables like okra, spinach, and tomatoes contributes to
lower blood pressure and improved lipid profiles, reducing
the risk of heart disease (Drewes et al. 2017). Antioxidants
found in these foods combat oxidative stress, which is a
significant contributor to the development of cardiovascular
diseases (Mozaffarian and Wu 2011). Research supports the
preventive role of Nigerian diets in managing non-
communicable diseases. A study by Adetunji et al. (2020)
found that increased consumption of fruits, vegetables, and
legumes was linked to a lower prevalence of hypertension
and type 2 diabetes among Nigerian adults. Another study
conducted by Akinwande et al. (2018) highlighted the
protective effects of traditional diets against cardiovascular
diseases, emphasizing the importance of dietary patterns
rich in whole foods.

4. Challenges in Promoting Local Foods for Health
Benefits

Promoting local foods for health benefits in Nigeria faces
several challenges, including issues of food security and
affordability, as well as the increasing influence of Western
diets.

4.1. Food Security and Affordability

Access to fresh, affordable local foods remains a significant
challenge in Nigeria. Economic disparities and
infrastructural deficiencies hinder the distribution of locally
sourced foods, making it difficult for many communities to
access nutritious options (Adebayo and Adepoju 2020).
Urbanization and population growth further exacerbate this
issue, as increased demand for food often outpaces supply,
leading to higher prices for fresh produce and other local
foods (Bello and Ibrahim 2020). This situation
compromises food security, particularly for low-income
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households that may resort to cheaper, less nutritious
alternatives to meet their dietary needs.

4.2. Influence of Western Diets

The rising consumption of processed and convenience
foods, heavily influenced by Western dietary patterns, poses
another significant challenge to promoting traditional diets
rich in local foods. The shift towards processed foods is
associated with increased availability and marketing of
these items, which are often high in unhealthy fats, sugars,
and sodium (Nwachukwu and Onu 2020). This dietary shift
has led to a decline in the consumption of traditional foods
and a corresponding rise in diet-related diseases, including
obesity, hypertension, and diabetes, undermining public
health efforts (Drewes et al. 2017).

Research indicates that the transition to Western diets has
public health implications in Nigeria. A study by Ogunlesi
et al. (2019) highlights the alarming increase in non-
communicable diseases linked to dietary changes, noting
that the prevalence of obesity and diabetes has surged in
urban areas. Additionally, Akinwande et al. (2018)
emphasize the need for public health interventions to
promote local foods and counteract the negative impacts of
processed diets.

4.3. Future Directions and Recommendations

The future of local foods in Nigeria holds significant
potential for enhancing public health through functional
foods, public health campaigns, and targeted research
initiatives.

4.4. Potential for Functional Foods

There is a growing interest in transforming local foods into
functional foods and nutraceuticals. Functional foods,
defined as those that provide health benefits beyond basic
nutrition, have gained traction globally due to their potential
to prevent chronic diseases (Adebayo and Adepoju 2020).
Nigerian local foods, such as legumes, tubers, and
fermented products, are rich in bioactive compounds that
could be harnessed for health benefits. For instance,
incorporating traditional foods like ogiri and iru into health
supplements could capitalize on their probiotic properties
and enhance gut health (Nwachukwu and Onu 2020). This
shift toward nutraceuticals not only promotes local
agricultural products but also supports the health of the
population.

4.5. Public Health Campaigns

To maximize the health benefits of local foods, there is a
pressing need for comprehensive public health campaigns
aimed at promoting these foods. Educational initiatives
should focus on raising awareness about the nutritional
value and health benefits of traditional Nigerian foods.
Campaigns could leverage social media and community
outreach to engage diverse audiences, particularly in urban
areas where processed food consumption is high.
Encouraging families to incorporate local foods into their
diets can significantly contribute to improving overall
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health and reducing the prevalence of non-communicable
diseases (Drewes et al. 2017).

Furthermore, more scientific studies are necessary to
substantiate the health claims associated with local foods.
Research should focus on the nutritional profiles of these
foods and their specific health benefits, particularly in
relation to disease prevention and management (Akinwande
et al. 2018). Investigating the bioactive compounds in local
foods and their mechanisms of action can provide valuable
insights for developing effective public health strategies.

5.Conclusion

In conclusion, the health benefits of local food products in
Nigeria are vast and significant, offering a wealth of
essential nutrients that contribute to improved health
outcomes. Traditional foods, including cereals, legumes,
fruits, and fermented products, provide vital vitamins,
minerals, and bioactive compounds that support the
prevention and management of non-communicable diseases
such as diabetes and cardiovascular disorders. However,
challenges such as food security, rising Western dietary
influences, and the need for public health initiatives must be
addressed to maximize the potential of these local foods.
Future directions should focus on promoting the functional
benefits of local foods through innovative nutraceuticals,
enhancing public awareness campaigns, and encouraging
further scientific research to substantiate health claims. By
leveraging the nutritional richness of local foods, Nigeria
can foster healthier dietary patterns and improve overall
public health, leading to a more resilient and thriving
population.
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