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ABSTRACT

In this study, nicotinoyl thiourea synthesized by starting from
nicotinic acid and 3,5-dimethoxy aniline according to the
literature. The resulting product was reacted with Manganese
(II) acetate tetrahydrate and nicotinoyl thiourea manganese
complex was synthesized with a metal-ligand ratio of 1: 1. The
chemical structure of newly synthesized metal complex was
characterized by FTIR, HRMS, XRD, and elemental analysis.
In the second part of the study, the antibacterial and antioxidant
activities of the synthesized metal complex were investigated.
According to the obtained results, metal complex did not show
any antibacterial activity. However, metal complex exhibited
strong or equipotent antioxidant properties compared to
standard antioxidants in DPPH, ABTS, and Cuprac methods.
For this reason, metal complex can be evaluated as an
antioxidant agent in food protection and the treatment of many
diseases related oxidative stress.

Keywords:  Thiourea, metal

antibacterial, antioxidant.

manganese, complex,

Yeni bir nikotinoyil tiyoiire mangan
kompleksi: sentez, karakterizasyon ve
biyolojik aktivite caligmalari

0z

Bu caligmada nikotinoil tiyoiire, nikotinik asit ve 3,5-dimetoksi
anilinden baslanarak literatiire gore sentezlenmistir. Elde edilen
rtin Mangan (II) asetat tetrahidrat ile tepkimeye sokularak 1:1
metal-ligand oraniyla nikotinoyil tiyoiire mangan kompleksi
sentezlenmistir. Sentezlenen yeni metal kompleksinin kimyasal
yapist FTIR, HRMS, XRD ve elementel analiz ile karakterize
edilmistir. Calismanin ikinci boliimiinde sentezlenen metal
kompleksin  antibakteriyel ve antioksidan aktiviteleri
aragtirtlmistir. Elde edilen sonuglara gore metal kompleksi
herhangi bir antibakteriyel aktivite gdstermemistir. Bununla
birlikte metal kompleksi DPPH, ABTS ve kuprak metotlarinda
standart antioksidanlara gore giicli veya esit potansiyelli
antioksidan Ozellikler sergilemistir. Bu nedenle, metal
kompleksi gidanin korunmasi ve oksidatif stres ile iligkili
birgok hastaligin tedavisinde bir antioksidan ajan olarak
degerlendirilebilir.

Anahtar Kelimeler: Tiyolire, mangan, metal kompleks,
antibakteriyel, antioksidan.

1. INTRODUCTION

Thiourea with general formula of (R;RoN)(R3R4N)C=S
is an important group having a sulphur atom. If the
carbonyl group is attached to thiourea, it is called 1-(acyl
or aroyl) substituent thiourea.! Thioureas are important
substances for the synthesis of heterocyclics.” They can
coordinate with transition metals because of using both

83

oxygen and sulphur atoms.® To the best of our
knowledge, thiourea derivatives have also a wide spread
of wusability in the synthetic organic chemistry,
agrochemical industrys, building blocks in the synthesis
of low molecular weight compounds, and pharmaceutical
industry because of their activities such as antithyroid,
antihaemolytic, and antioxidant.* The literature includes
various derivatives associated with aroyl thioureas


http://dergipark.org.tr/ijct
mailto:ozgeris@erzurum.edu.tr
https://orcid.org/0000-0002-4568-5782
https://orcid.org/0000-0002-9494-2896
https://orcid.org/0000-0003-3246-1824
https://orcid.org/0000-0002-3783-6501

Int. J. Chem. Technol. 2021, 5 (2), 83-90

DOI: http://dx.doi.org/10.32571/ijct.940169

Ozgeris and co-workers

E-ISSN: 2602-277X

having many biological activities such as anti-intestinal
nematode®, antibacterial and antifungal®, hepatitis C
virus inhibitor®, urease inhibitor’, and histamine H3, H4
receptors.®

It is known that benzoyl thioureas form complexes with
various transition metals such as Ni, Co, Ag and Mn due
to carbonyl, thiocarbonyl, and amine groups.’ Previous
studies demonstrate that many metal complexes of
benzoyl thioureas have been reported.'®!? Although
benzoyl thioureas and metal complexes are well-known
in the literature, there is no experimental data about metal
complexes of nicotinoyl thioureas. Nicotinoyl thioureas
including a pyridine ring instead of a benzene ring were
synthesized in our previously study due to have many
biological activity, especially such as antibacterial
activity.'® Therefore, it was aimed to synthesize novel
manganese complex of synthesized nicotinoyl thiourea.
Antioxidants are important substances for the human
body. Free radicals are harmful materials produced by
cells. Oxidative stress may occur as a result of the body's
inability to effectively remove these free radicals that
damage cell and body functions.'® The principal aim of
this study was to synthesize the metal complex and
compare the ligand and metal complex in terms of their
biological activities. Therefore, we also aimed to
comparison of their antibacterial, and antioxidant
properties.

2. MATERIALS AND METHODS
2.1. Chemicals

Nicotinic acid, thionyl chloride (SOCI,), potassium
thiocyanate (KSCN), Manganese (II) acetate tetrahydrate
[Mn(CH3C0O0),.4H>0], 3,5-dimethoxyaniline, dmso-ds
and all solvents were bought commercially and it was
used just like that. TLC was carried out on silica gel
plates with F-254 indicator and compounds were
monitored with UV lamp. 'H and *C NMR were
recorded on a Bruker 400 MHz instrument and reported
in DMSO-ds. Chemical shifts are reported in ppm by
using TMS as an internal standard. The melting points
were recorded on an electrothermal melting point
apparatus (Electrothermal 1A9100) in sealed capillaries
and are uncorrected. HRMS were performed on Agilent
6530 Accurate-Mass instrument. FT-IR (Fourier
transform) spectra were obtained on a Shimadzu
IRTracer-100  spectrometer with GladiATR 10.
Elemental analysis (C, H, N) was obtained on a Leco
CHNS 932 instrument. XRD spectrum was obtained
from GNR Explorer XRD Instrument.

2.2. Synthesis of nicotinoyl chloride (2)

This compound (2) was synthesized from nicotinic acid
(1) and SOCI, as describes previously.'*
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2.3. Synthesis of 3-isothiocyanatopyridine (nicotinoyl
isothiocyanate) (3)

Compound (3) was synthesized from nicotinoyl chloride
(2) and KSCN as describes previously.'

2.4. Synthesis of N-Nicotinoyl-N'-(3,5-
dimethoxyphenyl) thiourea (Ligand) (5)

N-Nicotinoyl-N'-(3,5-dimethoxyphenyl) thiourea
(ligand) (5) was synthesized according to the literature.'
All spectral data are in accordance with the literature.

2.5. Synthesis of complex [Mn(L)CHsCOO].2H:0 (6)

Nicotinoyl thiourea (5) (2 eqv.) was dissolved in 15 ml
DMF to which a solution of Manganese (II) acetate
tetrahydrate (Mn(CH3COO),.4H,0) (1 eqv.), dissolved
in H,O (20 ml), was added drop by drop while stirring
powerfully, at room temperature. The mixture was
refluxed for additional 3 hours, followed by addition of
distilled H,O (100 ml). After cooling in a refrigerator to
4°C for 24 hours, the dark solid residual was collected by
centrifugation and washed three times with distilled
water (3 ml). As a result of this procedure, the product
was obtained as a deep brown-black powder. Yield; 81%,
Mp; >400°C. FT-IR spectrum, v, cm’': 1683 (s) (C=0),
1558 (s) (C=N). Analysis Calculated for
Ci17H2oMnN305S %: C 43.69; H 4.74; N 8.99; S 6.86.
Found, %: C 43.72; H 4.72; N 8.96; S 6.88. HR-MS
(ES+), m/z (calc./found): 467.0559/467.2182.

2.6. Antibacterial activity studies

To determine antibacterial activity, agar well diffusion
method was applied as described previously.'® In this
context, Mueller Hinton Agar (MHA) were standardized
to a cell density of 1.5x10%/mL (McFarland No. 0.5), the
turbidity of the bacteria was qualified at 600 nm. Wells
(6 mm diameter) were burrowed in the plates and these
were filled with the samples (100 pl). Netilmicin
(NET30), Ofloxacin (OFX) and Cefsulodin (CFS) were
drew on as positive standard antibiotics, and negative
control was 10% (v/v) DMSO solution. The three
different concentrations of previously synthesized
compound and newly synthesized manganese complex
were evaluated against five different bacterial strains.
Incubation of the bacterial strains was carried out at 37°C
during 24-72 hours. At the end of this period, the
diameters of the zones were measured in millimeters. All
experiments were done three times according to the
described procedure.'®

2.7. Bacterial Strains
As clinical pathogenic bacteria were used Acinetobacter

baumannii (ATCC 1609), Enterococcus faecalis (ATCC
49462), Escherichia coli (ATCC 2523), Methicillin-
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resistant Staphylococcus aureus (MRSA) (ATCC
671006), and Pseudomonas aeruginosa (ATCC 9027).

2.8. Minimum inhibitory concentrations (MICs)

MIC values of the ligand and manganese complex were
determined by using sterile 96-well plates. The
compounds 5-6 were arranged ranging from 31.25 to
1000 pg/ml , inoculated at 1% (v/v) with an inoculum of
103 CFU/ml and at 37 °C during 24 hours were incubated.
All of this experimental procedure and necessary
calculations were prepared according to the manuals. To
determine the minimum inhibitory concentration values,
lowest concentration of compounds that inhibited visual

bacterial growth was then observed.'”

2.9. Antioxidant activity studies

To determine total radical scavenging capacity of the
ligand and its manganese complex, 1,1-diphenyl-2-
picrylhydrazyl (DPPH") method was used as described
earlier. Radical scavenging capacity was compared with
butylated hydroxytoluene, trolox, beta carotene, and
ascorbic acid.' The solution of DPPH' was daily
prepared and kept in the dark at 4°C. 0.1mM of DPPH
fresh solution was prepared in ethanol. After that, an
aliquot (0.5 ml) (6.25-200 pg/ml) was added to test tubes
containing 1.5 ml of ligand and its newly synthesized
manganese complex in ethanol. With vigorous stirring,
resulting mixtures were then incubated in the dark for
half an hour. As a result, the absorbance values were
measured at 517 nm by spectrophotometer.”’

2,2'-azinobis-(3-ethylbenzothiazoline-6-sulphonate)
radical (ABTS™) scavenging procedure have been
improved by Re et al.*! In order to form the ABTS cation
radical (ABTS™), 2 mM of ABTS solution in H,O was
reacted with oxidizing agent of 2.3 mM of potassium
persulfate (K»S,0g). Prepared (ABTS™) was soluble in
aqueous and organic solvents. To adjust desired
absorbance (0.700 £ 0.025) at 734 nm, it was diluted with
phosphate buffer (0.1 mM, pH 7.4). Finally, 3 ml of
tested samples’ solution between 6.25-200 pg/ml
concentrations was treated to 1 ml of ABTS™ and the
resulting absorbance was measured at 734 nm by
spectrophotometer.

By using the following equation, the capability to radical
scavenge in the DPPH and ABTS™ assays was
calculated: R.S.E (%) = [(A.c-A.s) / A.c)] x 100 where
R.S.E is radical scavenging efficacy, A.C is the
absorbance value of the control and A.S is the absorbance
value of the sample.”” All calculations were done
according to this equations.

In order to determine the half maximal scavenging
concentration of sample (ICso), inhibition percentage
against all compounds concentrations (pg/ml) was
plotted.”
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To determine antioxidant capacity, cupric ions (Cu?")
reducing power assay as another method was used to
earlier synthesized thiourea and its novel manganese
complex. Cu?" reducing capability was performed as
described earlier.”* This method is based on the reduction
of Cu*" to Cu’. In this context, copper (II) chloride
(CuCly) solution (0.01 M, 0.25 ml), ammonium acetate
(CH3COONH4) buffer solution (I M, 0.25ml), and
ethanolic neocuproine solution (7.5x1073M, 0.25 ml)
were transferred to a test tube, which contains
compounds 5-6 between 6.25-200 pg/ml concentrations.
Distilled water was added to complete the final volume
to 2 ml, and then shaken. After half an hour, absorbance
values were measured at 450 nm.

3. RESULTS AND DISCUSSION
3.1. Characterization

In this study, nicotinoyl thiourea (ligand) was
synthesized according to the literature.”* Manganese
complex of ligand was synthesized. The synthetic routes
are given in Scheme 1. The structure of complex was
eluciated by FT-IR, HRMS, elemental analysis, and
XRD. Nicotinoyl chloride (2) was prepared from
nicotinic acid (1) according to the literature.' Nicotinoyl
isothiocyanate (3) was synthesized with KSCN'®, and
then reacted with 3,5-dimethoxy aniline (4) in acetone at
about 65°C to give nicotinoyl thiourea (5)."* The ligand
on interaction with Mn(CH3COO),.4H,O yields
manganese complex (6) corresponding to the 1:1 metal-
ligand ratio.”” ® TLC (thin layer chromatography) was
used to monitor the reactions. Similar to the literature, the
complex is air stable, with deeply dark colored, and
insoluble in both H,O and most of commercially
available the organic solvents but were sparingly soluble
in DMSO and DMF.? In order to obtain the single crystal
of the complex made many attempts but this was
unsuccessful. Therefore, we do not use X-ray structure

determination.
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Scheme 1. Synthetic routes to the target product.

FT-IR spectrum of the ligand (5) (nicotinoyl thiourea)
displayed the absorption band for the stretching of NH at
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3201 cm L. A strong band observed in the region of 1682
cm ! in the FT-IR spectrum of the ligand (5) was assigned
to the carbonyl group. This C=0 band was shifted to the
lower frequency range of 1506 cm™! in the spectra of the
complex (6), consistent with the coordination of oxygen
atom to the manganese ion. Moreover, a strong band
observed in the region of 1683 cm™'. This band was
assigned to the C=O stretching vibration of acetate
attached to manganese complex. In addition, the
characteristic band for C=S appeared at 1161 cm™! in the
spectrum of ligand was shifted to 1153 cm! on
complexation, indicating relation of sulphur atom in
coordination. Moreover, nitrile band formed on complex
was observed in the region of 1558 cm™’. IR spectra of
compounds are in agreement with the literature.”® ?” The
XRD pattern of ligand (nicotinoyl thiourea) and its
manganese complex exhibits sharp intense peaks
throughout the spectrum showing crystalline sample.
Additional peaks and shifts in the spectrum are observed
when the ligand is attached to manganese (Figure 1).%%

Irs.
000

Ligand

00—
con
s00

200
100

Complex

20.00 30.00 40.00 50,92 80.00 769 .20 s0.00 133.00
Cuka (1 S418744) Bthats

Figure 1. XRD pattern of ligand and its complexation with
manganese, respectively.

Trial and error method was used to index X-ray
diffraction main peaks.?® Table 1 is shown the crystal
size, hkl and 2-theta maximum.

Table 2. Antibacterial activity of compounds 5-6.

Table 1. XRD peaks and crystal thickness calculated from
Scherer’s formula

2-theta Crystal
Compound maximum hkl size (A)
Ligand (5) 18.99 200 52
[Mn(L)OACc].2H20 (6) 28.99 85 3.08

3.2. Biological evaluations

Table 2 is shown the antibacterial activity results for
ligand 5 and its manganese complex 6 against five
different bacterial strains. Three Gram negative bacteria
(E. coli ATCC 2523, A. baumannii ATCC 1609, and P.
aeruginosa ATCC 9027) and two Gram positive bacteria
(S. aureus ATCC 67106, and E. faecalis ATCC 49462)
were used for antibacterial activity. The results revealed
that ligand 5 showed highly strong antibacterial activity
against tested bacterial strains'’, whereas manganese
complex did not show any activity.

The MICs of ligand 5 were evaluated at concentration
31.25 pg/ml. The previously synthesized compound 5
inhibited the growth of bacteria with an inhibition zone
varying between 25-29 mm, 18-23 mm, and 10-20 mm
for concentrations of 1000, 500 and 250 pg / ml,
respectively.'® A study have shown that the presence of
methoxy substituent on benzene reduces the activity due
to electron donating group. They have also reported that
a pair of electrons that does not participate in bonding are
resonating on benzene ring.”’ In another study have
determined that the presence of the 4-methoxy group in
benzoyl thiourea compounds with aniline groups reduces
antibacterial activity (MIC: generally >1000 pg/ml).*
Conversely, our compound contains a pyridine ring
instead of a benzene ring. Commercially available large
number of drugs with antimicrobial, and antioxidant
activity in the market contain a pyridine ring.*!

Concentrations Positive

: (pg/mL)? Negative Control?
Bacteria Compound o0 00 250 MICP Coi trol® OFX N;?]T CFS
Acinetobacter 5 25 20 18 31.25 - 9 7 8
baumannii 6 - - - -
Enterococcus 5 28 19 10 31.25 - 11 10 9.5
faecalis 6 - - - -
Escherichia coli 5 29 23 20 31.25 - 9.8 7 7.7
Pseudomonas 5 27 21 17 31.25 - 10 10 9
Staphylococcus 5 25 18 15 31.25 - 11 18 9
aureus 6 - - - -

Evidenced by our previously studies that nicotinoyl
thioureas comprising aniline ring having methoxy group
at different positions have stronger activity than benzoyl
thioureas.'® % Tt has been determined that compounds
containing thiocarbonyl, carbonyl and amine groups have

antibacterial properties especially against gram-negative
bacteria®® because they react with nucleophilic and
electrophilic centers of bacterial surface® and induce
antibacterial activity. Thus, we think that this may be the
reason why our ligand shows antibacterial activity. On
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the other hand, its manganese complex did not any show
antibacterial activity. Notably a report demonstrate that
the ligand may be more reactive with the microelements
present in the environment or the formed complexes may
have an extraordinary coordination that may be inert to
cell components. They also concluded that the ligand
prepared may be more reactive with microelements
essential for bacterial nutrition.” Therefore, our
manganese complex may not have shown any
antibacterial activity because the thiocarbonyl, carbonyl,
and amine groups are participated on complexation. This
knowledge supports our conclusion why while our ligand
has antibacterial activity, our complex does not have
antibacterial activity.

Antioxidant properties are very important because of
remove harmful effects of free radicals. To determine the
free radical scavenging efficacy of various antioxidant
materials, DPPH" and ABTS"" assays have been widely
used and these assays are important to screen of
antioxidant properties of plant extractions, organic
compounds etc. Antioxidant activity of previously
synthesized compound 5'%, novel manganase complex 6,
and standard antioxidants such as butylated
hydroxytoluene, beta carotene, trolox, and ascorbic acid
were specified with DPPH" and ABTS"" assays. Samples
were analysed for their antioxidant activity ranging from
6.25-200 pg/ml concentrations. Figure 2 shows a
significant decreasing (p<0.05) in the concentration of
1,1-diphenyl-2-picrylhydrazyl (DPPH") radical because
of the scavenging ability of previously synthesized
thiourea compound by our group, newly synthesized
manganese complex, and standards. The scavenging
efficacy of samples 5-6 and standards on the 1,1-
diphenyl-2-picrylhydrazyl (DPPH’) radical reduced in
the order of Ascorbic acid > trolox > 6 > 5 > butylated
hydroxytoluene > beta carotene, which were 94.95%,
94.41%, 85.36%, 76.69%, 66.03%, 65% at the
concentration of 200 pg/ml, respectively. Absorbance
values of samples also decreased with an increasing
concentration. Figure 2 shows the radical scavenging
activity according to the DPPH" method. ICso values in
DPPH' method were determined as 4.49 pg/ml (7

0.9985) for 5, 4.77 pg/ml (+%: 0.9785) for 6, 4.65 pg/ml
(#%: 0.9765) for ascorbic acid, 4.69 pg/ml (+%: 0.9962) for
trolox, 4.59 pug/ml (% 0.9912) for butylated
hydroxytoluene, and 4.65 pg/ml (1% 0.9796) for beta
carotene. Radical scavenging efficacy of samples 5-6
and standards in the DPPH" method decreased in the
following order: 5 > butylated hydroxytoluene > beta
carotene > ascorbic acid > trolox > 6. A lower the 1Cs
value indicates a higher the antioxidant activity of
samples (Table 3). These results have demonstrated that
previously synthesized thiourea compound and its novel
manganese complex have equipotent or weak free radical
scavenging capabilities compared with standard
antioxidants. Samples 5-6 were determined to show
effective radical scavenging activity against 2'-azinobis-
(3-ethylbenzothiazoline-6-sulphonate) radical (ABTS™)
(p>0.001). As can be seen in Figure 2, the samples 5-6
have effective ABTS™ radical scavenging activity
depending on the concentration (6.25-200 pg/ml). The
scavenging efficacy of samples 5—6 and standards on the
2,2'-azinobis-(3-ethylbenzothiazoline-6-sulphonate)
(ABTS™) radicals reduced in the order of butylated
hydroxytoluene > beta carotene > 6 > ascorbic acid >
trolox > 5 > which were 99.72%, 99.66%, 88.08%,
73.86%, 72.44%, 65.72% at the concentration of 200
pug/ml, respectively. Absorbance values of samples 5-6
also decreased with an increasing concentration. 1Csg
values for compounds 5-6 were calculated as 5.27 pg/ml
(7% 0.9381) for 5, 4.89 pg/ml (+*: 0.9421) for 6.
Additionally, ICso values were found as 3.28 pg/ml (+°:
0.8094) for butylated hydroxytoluene, 4.94 pg/ml (+°:
0.9841) for ascorbic acid, 4.72 ug/ml (+*: 0.9795) for
trolox, and 3.63 ug/ml (+’: 0.9197) for beta carotene
(Table 3). The 2,2'-azinobis-(3-ethylbenzothiazoline-6-
sulphonate) (ABTS™) scavenging efficacy of samples 5—
6 and standards reduced in the following order: butylated
hydroxytoluene > beta carotene > trolox > 6 > ascorbic
acid > 5. A lower the ICsy value indicates a higher the
antioxidant activity of samples. It is seen that newly
synthesized manganase complex on ABTS™" scavenging
effect have more stronger than compared to ascorbic
acid, while close to butylated hydroxytoluene, beta
carotene, and trolox.

Table 3. Determination of half maximal concentrations (ICso, pg/ml) of compounds 5-6 and standards for DPPH" and ABTS™

scavenging.

Antioxidant compounds DPPH" scavenging

ICso

Ascorbic acid 4.65
Trolox 4.69
BHT 4.59
p-Carotene 4.65
5 4.49

6 4.77

ABTS™ scavenging
r? ICso r?
0.9765 4.94 0.9841
0.9962 4.72 0.9795
0.9912 3.28 0.8094
0.9796 3.63 0.9197
0.9985 5.27 0.9381
0.9785 4,89 0.9421
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Figure 2. ABTS and DPPH free radical scavenging activity of different concentrations (6.25-200 pg/ml) of compound 5-6 and
reference antioxidants; Trolox, BHT, B-Carotene and Ascorbic acid (BHT: butylated hydroxytoluene; DPPH: 1,1-diphenyl-2-picryl-
hydrazyl free radical; ABTS: 2,2’-azino-bis(3-ethylbenzthiazoline-6-sulphonate).

The values of the CUPRAC method are shown in Table
4. As the oxidizing agent was used the chromogenic
neocuproine. Ligand 5 exhibited higher activity than beta
carotene and butylated hydroxytoluene, while less active
than trolox and ascorbic acid. On the other hand, novel
metal complex 6 showed weaker activity than its ligand
and all standards. The ascorbic acid solution had the
highest CUPRAC value. The reducing power decreased
in the order of ascorbic acid > trolox > 5 > butylated
hydroxytoluene > beta carotene > 6 for the same
concentration (200 pg/ml). The results obtained in DPPH
(1,1-diphenyl-2-picrylhydrazyl), ABTS (2,2'-azinobis-
(3-ethylbenzothiazoline-6-sulphonate)), and CUPRAC
(cupric ions (Cu?") reducing power) method revealed that
previously synthesized ligand and its newly synthesized
manganese complex have stronger, equipotent or weaker
activity than the standards.

Table 4. Determination of reducing power of 200 pg/ml
concentration of compounds 5-6 and standards by cupric ions
(Cu?") reducing capacity by Cuprac method.

Antioxidants Cu?*- Cu" reducing
haso*® r?

Trolox 0.517 £0.002 0.999
BHT 0.109 £ 0.001 0.995
p-Carotene 0.102 +0.001 0.997
Ascorbic acid 3.613 +£0.002 0.974
5 0.158 +£0.004 0.907
6 0.079 £0.001 0.950

To the best of our knowledge from the literature, N,N'-
disubstituted and benzoyl thioureas have antioxidant
activities and they are an important compounds to inhibit
the production of the most well-known oxygen free
radicals.*® In addition, heterocyclic compounds having a
pyridine ring exhibit more antioxidant properties
compared with benzene ring.*® We demonstrated this
situation in our previously reports.'® 32 It is known that
the central metal atom in metal complexes contributes
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positively to antioxidant activity as a result of enhancing
the proton donating capacity of the ligand.’’ As with
benzoyl or N, N'-disubstituted thioureas, both manganese
complex 6 and our previously synthesized nicotinoyl
thiourea 5 were determined to have antioxidant activities.

4. CONCLUSIONS

In this study, nicotinoyl thiourea 5, earlier synthesized by
our group, was designed as ligand. Its manganese
complex 6 has been synthesized for the first time.
According to the experimental evaluations, the ligand 5
coordinate to the manganese (II) ion through carbonyl
and thiocarbonyl groups of nicotinoyl thiourea. The
chemical structure of manganese complex was
characterized by FTIR, HRMS, XRD, and elemental
analysis. According to these characterizations, the
metal:ligand ratio was 1:1. Antibacterial activity studies
of these compounds show that earlier synthesized
compund 5 have antibacterial activity against all tested
bacteria, whereas its manganase complex 6 has not any
antibacterial activity. Therefore, while the ligand can be
considered as an agent in the treatment of bacterial
infections, its manganese complex cannot. In contrast to
this situation, manganese complex showed equipotent
antioxidant  properties compared to  standard
antioxidants. For this reason, compound 6 can be
evaluated as an antioxidant agent in food protection and
the treatment of many diseases related oxidative stress.
Further research and clinical trials are required to clarify
the potential of the compounds in the diseases associated
with oxidative stress. Moreover, the synthesis of this
complex will lead to the synthesis of more efficient new
metal complexes.
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ABSTRACT

Chlorpyrifos is an solid organophosphorus pesticide widely
used in agriculture. It is relatively stable to hydrolysis in neutral
pH and acidic aqueous solutions. Stability decreases with
increasing pH. Chlorpyrifos practically insoluble in water, but
highly soluble in most organic solvents such as acetone xylene
and methyl bromide. It is an effective skin, stomach and
respiratory insecticide and is effective against aphids, spider
mites, soil bugs and house pests. It is also highly toxic bees and
fish. Most pesticides are complex organic molecules and are
persistent in the environment, either biota or accumulate in the
environment. In pesticide-used areas, the pesticide itself or its
residues are transported by rain and irrigation water and mixes
into groundwater. The effects caused by the pesticide are
closely related to the level of accumulation. During the studies,
contamination of chlorpyrifos has been found about 24 km from
the site of its application. There are many physico-chemical and
biological approaches to remove organophosphorus pesticides
from the ecosystem, among them most promising is
biodegradation. In this study, the biodegradation potential of
chlorpyrifos with P. Putida was investigated in the batch stirred
reactor. In the optimum conditions, the maximum pesticide
removal rate was determined as 1.51 mg g!. d. m.o.h.

Keywords: Pesticides, Chlorpyrifos, P. Putida, biodegradation.

Pseudomonas putida ile chlorpyrifos’un

biyodegradasyonu
0z

Chlorpyrifos tarimda yaygin olarak kullanilan kati bir
organofosforlu pestisittir. Chlorpyrifos nétral ve asidik
¢ozeltilerde kararli olmasina ragmen pH artisi ile kararliligi
azalmaktadir. Chlorpyrifos pratik olarak suda ¢dziinmez fakat
aseton ksilen ve metil bromiir gibi ¢ogu organik ¢oziiciide
oldukea yiiksek miktarda ¢oziinmektedir. Temas, sindirim ve
solunum etkili bir insektisit olup yaprak bitleri, kirmizi
oriimcek, toprak bocekleri ve ev haserelerine karsi etkilidir.
Ayn1 zamanda arilar ve baliklara kars1 da toksiktir. Pestisitler
gibi pestisit kalintilar1 da ¢ok yonlii ve karmasik 6zellige sahip
olup birikim de yapabilmektedirler. Pestisit kullanilmig
alanlarda bu ilacin kendisi veya kalintilar1 yagmur ve sulama
sulartyla yeralt1 sularina karisarak sucul bitki ve hayvanlar i¢in
toksik etkiler olusturmaktadir. Pestisitin neden oldugu etkiler
canlidaki birikim diizeyine ve canlinin yag igerigi ile yakindan
iligkilidir. Yapilan calismalarda Klorpyrifos kontaminasyonu
uygulama alanindan yaklasik 24 km uzaklikta tespit edilmistir.
Organofosforlu bilesiklerin ekosistem giderilmesinde bir¢ok
fiziko kimyasal ve biyolojik proses rol oynamaktadir. Ancak
bunlar arasinda en umut verici yontemler biyobozunma
yontemleridir. Bu ¢alismada chlorpyrifosun Pseudomonas
putida ile biyodegradasyon potansiyeli incelenmistir. Optimum
sartlarda chlorpyrifosun P. putida ile biyodegraasyonunda
maksimum pestisit tiiketim hiz1 1,51 mg/g. K. mo.sa. olarak
bulunmustur.

Anahtar Kelimeler: Pestisitler, Chlorpyrifos, P. Putida,
biyodegradasyon

1. INTRODUCTION

Pesticides (or biocides) are synthetic, organic compounds
used to destroy undesirable organisms. The word
pesticide is of Latin origin and means a disease-killing
substance. These produced substances are completely
foreign to nature. These substances, their chemical and
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biological change products (metabolites) are of interest
not only in terms of their biocidal effects, but also in
terms of their targets and effects within the overall
ecosystem.! More than 10,000 insects, 600 weeds, more
than 1500 plant diseases and 1500 species of nematodes
are known that can harm humans, animals and plants in
varying degrees.
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Millions of tons of pesticides have been used in the
world, especially in the last 40-45 years. Turkey, which
is an agricultural country, has taken its share from this
amount. Residues of pesticides have been detected all
over the world, including at the polesPesticides also
adversely affect non-targeted organisms by mixing with
air, water and soil during manufacture, storage,
marketing and use. When unconscious and careless use
is added to this, it is seen that pesticides accumulate at
increasing rates in water, soil, plant and animal foods.”
Pesticides, pesticides that are thrown in our environment
aimlessly, unlimitedly and almost uncontrollably, are
found in almost all items.’

In order to protect natural resources from pollution, it is
important to use chemicals used for agricultural purposes
in a controlled manner and to prevent further pollution.
Some properties of pesticides such as extreme mobility,
durability and evaporation cause negative consequences
in terms of environmental pollution. In minimizing the
pesticide pollution potential, it is also necessary to take
into account the expected benefit from pesticide use.*®
There is no doubt that agricultural pesticides, which have
wide spread routes in the environment, have negative
effects on all living things. Pesticides accumulated in
water and soil pass into the bodies of creatures such as
fish and insects living in these environments. Therefore,
birds that feed on these creatures that carry the drug
residue are also poisoned. Beneficial insects such as
predators and parasitic insects, which have a more
sensitive structure, are also highly affected by
unconscious spraying.” In addition, the uncontrolled use
of pesticides causes soil, air, surface and underground
water pollution. Controlled use of chemicals used in
agriculture is very important to prevent further pollution
of these natural resources. As a result of the use of
pesticides indiscriminately and in excessive doses
without scientific control, negative effects on beneficial
living things and other elements of the environment occur
as well as pests. However, the most important, perhaps
the most important issue for human health is the
environmental pollution of the pesticides used and their
undesirable effects on the natural balance. While some of
these substances have mutagenic and carcinogenic
effects in the living body, some of them both accumulate
and cause toxic effects in the living body.® Artificial
chemicals used in agricultural areas are quite durable as
a result of their molecular structure and maintain their
structural properties under natural conditions. As a result
of this stability, they participate in natural cycles thanks
to their structure not deteriorating for years. Due to their
structural durability, they cause significant pollution in
soil, water, groundwater and surface waters.’

The most important feature sought in pesticides is that
they are very toxic and effective against harmful animals
and organisms. In addition, it is expected to be less toxic
or harmless to warm-blooded animals, especially
humans. However, among the drugs produced so far,
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those with these qualities are very few. For this reason, it
should be accepted that pesticides are poisonous to
humans and all other living things as a general rule.
Because it is clear that drugs with biological activity will
cause some potential dangers and cause some undesirable
problems such as environmental contamination as a
result of their use, and this has been well established
recently.’

Agrochemicals are applied directly to the soil surface or
into the soil, on the plant, or on the seedlings in the form
of seed spraying. A significant part of the drug thrown on
the plant falls into the soil. Drugs that fall into the soil
can move in the soil over time, depending on factors such
as soil type, solubility, permanence and climate.'’ After
the pesticides applied to the plant, soil or seed for
agricultural struggle have fulfilled their lethal effects,
some of the pesticides are absorbed by the various organs
of the plant, and the remaining part is distributed in the
application area in the form of removal from the soil,
retention in the soil and transformation into other
compounds.'!

The structure, mode of action and properties of the active
substances of pesticides are different from each other.
Pesticide active substances that contaminate the plant
surface stay there for a certain period of time, some of
them enter the plant, and some dissolve in water and
translocate into the plant through roots, leaves or
branches. In this way, the effective substances of
pesticides found with the plant gradually decrease over
time with removal mechanisms such as being washed
with rain, leaking, dripping, being carried by the wind,
evaporation, oxidation under the sun, hydrolyzed by high
humidity, or decomposing by mixing with plant
secretions after completing their activities. The important
point here is that the existing pesticide residues are
present in all kinds of foodstuffs at a level that will not
harm human, animal and environmental health before
coming to the market for consumption. For this reason,
each drug is subjected to toxicological and
pharmacological trials before being put on the market.
These trials are carried out on experimental animals in
the form of feeding with medicated product for a short
period of 2-3 months and for a long period of at least 2
years.'”” The effects caused by pesticides are closely
related to the accumulation level and the oil content of
the living thing.'?

Artificial organic pesticides are usually produced as
concentrated  (technical) substances. The active
ingredient content of a formulated commercial pesticide
can vary between 1 and 95 percent by weight and is
applied as powder, granule, solution, emulsion or
wettable fine powder.'” According to the researches, the
way of application of the drug contributes to the
environmental pollution as well as the efficiency. It is
obligatory to work on the use of other drugs that do not
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form pesticide residues and to continue this struggle with
biological methods.*

Biological degradation of pesticides is under the
influence of factors that affect normal microbial activity
in soil. As is well known, these factors are temperature,
moisture content, organic matter present, pH, etc. are
factors. Most pesticides are new compounds for soil
microorganisms. Therefore, biodegradation is slow at
first due to the lack of adaptation of microorganisms.
Some polar groups such as -OH, -COO, -NH; and -NO»
contained in pesticide molecules form the action points
for organisms. Studies show that the pesticide
concentration in the soil decreases with the addition of
easily decomposable organic materials." While
microorganisms have an effect on pesticide
concentrations due to their activities, pesticides also
greatly affect the biological activity and microbial
composition of the soil. The main purpose of metabolic
processes in the world of microorganisms is energy
production and cell synthesis. The vast majority of
organic materials are capable of meeting these two
purposes of heterotrophic bacteria. However, the most
striking feature of microorganisms is that they go through
an acclimation process. In other words, if substances that
are resistant to biological decomposition are applied
slowly and in very low concentrations to a certain
microorganism species, it is certain that microorganism
species that have adapted to them over time and can use
these substances as energy and nutrients will develop.'
Fallmann and co-workers'® investigated the applicability
of the Photo-Fenton method to treat pesticide-containing
waters in their study. They successfully applied this
Photo-Fenton process including Fe*?/H,0,/UV-V to 10
commercial pesticide mixtures. Experiments with a
single pesticide yielded notable differences in reaction
rates, although each pesticide degraded. Aksu (2005)"7
states that biosorption studies are also carried out for
pesticides, and that it is possible to remove some
pesticides with a few microorganism species including
bacteria and fungi.

Bellinaso and  co-workers'®  investigated  the
biodegradation of trifuralin herbicide with bacteria
isolated from soil. They found that five bacteria isolated
from the soil could be used in the biodegradation of
trifural, and three of these isolated bacteria increased the
degradation of trifural by more than 20%. Sanchez and
co-workers'’, in their study investigating the effect of
sewage sludge on pesticide biodegradation in soil, found
that the biodegradation of pesticide residues caused
changes in the microorganism population of the soil.

In this study, it was aimed to biodegrade free P. putida
and chlorpyrifos pesticide in cut cup. Substrate
consumption is a result of the activities of
microorganisms and reactions in cell metabolism. In the
study, pesticide biodegradation occurred in aerobic
environment with microorganism species were
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determined. For this reason, the maximum growth rate
and pesticide removal of the microorganism were
determined  without  acclimatization and  after
acclimatization of the selected pesticide in aerobic
environment. In addition, the possibility of acclimatized
bacteria to use this pesticide as a single substrate was
determined.

2. MATERIALS AND METHODS

After P. putida bacteria are grown in media containing
chlorpyrifos pesticide, the effects of temperature, initial
pH, agitation speed, initial pesticide concentration and
different media parameters on microorganism growth
and pesticide consumption rates were examined in batch
system, and optimum temperature, initial pH, shaking
speed were examined. and initial pesticide concentrations
were determined. Determining the amount and types of
degradation products of chlorpyrifos pesticide, which
was exposed to physical and microbiological effects
throughout the entire experimental study, was excluded
from the scope of this study due to the difficulties
encountered in the analysis.

In order to obtain a lower concentration solution from the
stock solutions by dilution, the stock solutions were taken
from the deep freezer and kept under laboratory
conditions enough for their temperature to reach room
temperature. Standard solutions were prepared separately
at concentrations of 10, 20, 30, 40 and 50 mg L' by
diluting the stock solutions at room temperature.

2.1. Preparation of samples for gas chromatography
analysis

It is very important to determine the exact and precise
amounts of pesticides in pesticide analysis. (Table 1)
Since the pesticide concentrations to be found as a result
of the analysis are generally low, pesticide analysis is
difficult. Quantitative analysis of pesticides by gas
chromatography; It is done by obtaining chromatograms
of pesticide standards prepared at known concentrations
in gas chromatography and by comparing the peak length
(or peak area) of the solution with unknown
concentration and the peak length (or peak area) of the
solution with known concentration.”’

For this, standard pesticide solutions prepared at different
concentrations were injected into gas chromatography
and chromatograms were obtained. Peak areas or peak
sizes obtained for pesticides from the chromatograms
were plotted against pesticide concentration. Thus, a
calibration curve was obtained for each pesticide.

Pesticide concentration in the samples was determined by
calculating the pesticide amount corresponding to this
peak area or height by substituting the peak area or peak
size of the sample in the equation obtained from the
calibration curve.
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Table 1. Optimum determination conditions
chromatography of Chlorpyrifos insecticide

in gas

Detector Flame Ionization Detector
(FID)
Column Restek Brand Rtx-5MS

(Crossbond 5% diphenyl
95% dimethyl polysiloxane)
programmable temperature
350 °C, decomposition
temperature 330 °C

Column Dimensions 0.25 mm inner diameter - 30

m length
Temperatures
Injection Unit 300 °C
Column 280 °C
Detector 300 °C
Gas Flow Rates
Air 330 ml min"!
Hydrogen 33 mL min’!
Carrier Gas (N2) 1.4 mL min™! (10 Ib/in?)
Carrier Gas + 30 mL min!
Reference Gas
Injection Technique
Split 1/25
Recorder 0.5

Paper Speed AT 64
Retention Time 5,17 min

2.2. Microorganism production

The P. putida used in the study was obtained from the
American Type Culture Collection. NRRL B-252 coded
P. putida from the American Type Culture Collection
(A.T.C.C) was produced in the laboratory for use in
studies. The composition of the rich broth used in the
production of P. putida is given in Table 2.

Table 2. Composition of rich broth used in the production of
P.putida.

Glucose

Yeast extract
bacteriological peptone
K2HPO4

KH2PO4

(NH4)2.504
MgS04.7H,0

S == =N W

Bacterial culture brought in lyophilized form was first
produced in petri dishes containing solid nutrient
medium with agar and in tubes containing slanted agar in
an oven at 30 °C and then transferred from these media
to rich liquid nutrient media containing glucose. 100 ml
of the medium with the composition given in Table 2 was
added to 250 ml flasks, and the mouths of the flasks were
closed with cotton plugs and aluminum foil. The media
prepared for sterilization in this way were sterilized by
keeping them in an autoclave at 121 °C for 45 minutes.
Bacteria were inoculated at a ratio of 1/10 to the medium
prepared by sterilization. Then, P. putida was grown by
keeping it in an orbital incubator operating at 30 °C and
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100 rpm stirring speed for 72 hours. In order to
demonstrate the effect of substrate inhibition on the
microorganism used in the study, the amount of glucose
was changed between 3-10 g in a pesticide-free medium.
According to the data obtained, it can be seen from Figure
1 that glucose alone does not have an inhibitory effect on
the growth of P. putida.

6

0 2 4 6 8 10
C, (mgL?)
Figure 1. The effect of initial glucose amount on the specific

growth rate of P. putida
(T=30 °C, Xo=10 mL, MS=100 rpm)

2.3. Acclimatization of the microorganism to the
pesticide-containing environment

Accustoming microorganisms to toxic organic
compounds such as pesticides is an important process
that must be done in order to increase microbial activity.
The acclimatization time ranges from a few hours to a
few weeks, depending on the nature of the vaccine
used.”?! Accordingly, a series of experiments were
conducted to acclimate P. putida to pesticides.

The acclimatization of the microorganism to the pesticide
was carried out gradually. First, liquid nutrient media
containing 3 g L' glucose + 0.01 g L' pesticide were
prepared, and cultures grown in 3 g L! glucose medium
were planted in the prepared liquid nutrient medium.
After the growth was observed, acclimation of the
microorganism was continued. The acclimation process
is similar in media containing 1 g L' glucose + 0.01 g L-
! pesticide, 0.5 g L! glucose + 0.01 g L' pesticide and
0.0 g L' glucose + 0.01 g L' pesticide and then
transferred to the Dbiodegradation medium. By
determining the amount of increase in the mass of
microorganisms in  the solution during the
acclimatization period, it was decided that the
acclimatization process of the microorganism to the
pesticide environment was realized.

The composition of the nutrient medium used in
biodegradation studies is given in Table 2.
Biodegradation experiments were carried out by adding
the microorganism produced after the acclimatization
process to this medium at a ratio of 1/10. Pesticide was
added to the solution prepared according to the
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composition in Table 3, in varying amounts depending
on the nature of the experiment.

Table 3. Nutrient media used in biodegradation studies.

Glucose 0.5
KoHPO4 1
KH2PO4 1
(NH4)2.804 1
MgS04.7H.0 0.5

In order to prevent all kinds of infections that may occur
in the working environment, all the studies with living
organisms should be carried out under sterile conditions.
The flasks, tubes and pipettes containing the nutrient
medium were sterilized by keeping them in an autoclave
at 121 °C for 45 minutes. The environment where the
sowing process was carried out was chemically sterilized
with ethyl alcohol before sowing and a UV lamp was
used for a certain period of time. The sowings were made
in such a way that sterilization would not deteriorate in
the presence of the burner flame. Tubes and flasks
containing solid and liquid nutrient media produced in
active form were stored in a refrigerator at 4 °C. The
microorganism stored in the refrigerator was transferred
to new nutrient media once every 15 days to maintain the
activity of the microorganism.

2.4. Preparation of pesticide solutions

In the biodegradation of Chlorpyrifos pesticide with P.
putida, a stock pesticide solution was prepared from
Sarban 4 E and Folicor WP 25 pesticides at a
concentration of 2000 mg L' on the basis of active
substance. Pesticide solution was added to the nutrient
medium with the help of a pipette to form the desired
concentration from these stock solutions. *2

2.5. Reproduction Studies in Mixed Pot Working in
Batch Order

Reproduction studies in batch order were carried out in
250 mL flasks in which 100 mL of medium was left.
Pesticide biodegradation studies were carried out by
placing these flasks used in biodegradation in orbital
incubators that can operate at constant temperature and
mixing speed. In reproductive studies in batch order;
After mixing 50 mL of medium with 10 mL of
microorganism, the required amount of stock pesticide
solution was added to the medium+microorganism
solution of this mixture to contain pesticide at the
determined concentration. Then the working volume was
completed to 100 mL with distilled water. Except for the
microorganism concentration, the pH of the prepared
experimental setup was adjusted separately and a sample
was taken from the mixture to determine the initial
pesticide concentration and stored in the refrigerator.
Then, the growth medium, whose pH was adjusted, was
sterilized in an autoclave at 121 °C for 45 minutes. 10 mL
vaccine (P. putida) was added to the pesticide-containing
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medium prepared for production by sterilization, and it
was kept in an orbital incubator at constant temperature
and stirring speed for 72 hours. After the growth was
completed, the microorganisms were separated from the
liquid medium by centrifugation at 5000-6000 rpm for 3
minutes. Dry microorganism concentration was
determined by keeping the microorganisms in an oven at
60 °C for 12 hours on tared aluminum foil. The liquid
part was immediately extracted with dichloromethane for
pesticide determination and stored in a deep freezer until
analysis.

3. RESULTS AND DISCUSSION

The biodegradation of P. putida bacteria and chlorpyrifos
was investigated in batch stirred reactors. Glucose,
selected as the substrate, was used as an additional carbon
source to the pesticide. In the experiments, the effects of
parameters such as initial pH, temperature and initial
pesticide concentration on substrate consumption and
microorganism production rates and productivity were
investigated in batch system with free P. putida.

3.1. Effect of initial pH

The initial pH is an important parameter for the specific
growth rate of P. putida and its effect on the pesticide
consumption rate in a growth medium containing
chlorpyrifos. Hydrogen ion concentration significantly
affects the activities and growth of microorganisms. Each
microorganism has an optimum pH range where it shows
maximum activity. In order to maximize the activities of
organisms, the pH of the environment must be kept under
control at an optimum value. By keeping the mixing
speed, temperature and chlorpyrifos concentration
constant, the amount of change in the microorganism
concentration in different initial pH values (pH= 3-9) is
given in Figure 2.

As a result of the studies carried out in the media
containing chlorpyrifos pesticide and prepared at
different initial pH wvalues, it was observed that the
growth rate of P. putida decreased in the media with pH
values lower than pH = 8 and with high pH values.
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Figure 2. The effect of the initial pH' mm on the specific growth
and pesticide consumption rate of the microorganism.
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3.2. Effect of temperature

One of the most important parameters affecting the
growth of microorganisms and accordingly the rate of
substrate consumption is temperature. The effect of
temperature on the growth of P. putida in a breeding
medium containing Chlorpyrifos pesticide was
investigated in the range of 20-35 °C.

In Figure 3, the effect of temperature on the specific
growth and chlorpyrifos pesticide consumption rate of P.
putida is given. From Figure 3, it is seen that the optimum
temperature determined for the growth of P. putida
bacteria and maximum consumption of chlorpyrifos
pesticide in the pesticide environment is 30 °C.

0.05 L6
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Figure 3. The effect of temperature on the specific growth and
pesticide consumption rates of the microorganism. (P. Putida,
pH = 8,0, Cro =50 mg L'!, Xo= 10 mL; MS= 100 rpm)

Temperature is especially effective on the enzyme
systems of microorganisms. As can be seen from Figure
3, it is seen that low temperatures have an inhibiting
effect on the growth of P. putida and decrease the growth
rate of this microorganism. It is known that the enzyme
system of microorganisms deteriorates at high
temperatures. Above the optimum temperature,
microorganism growth decreases with the increase in
temperature, and as a result, microorganism death occurs
with excessive increase. At higher temperatures than the
optimum temperature (30 °C), lower microbial specific
growth rates and pesticide consumption rates were
obtained at higher temperatures, since microorganisms
lost their metabolic activities due to the deterioration of
the enzyme structures in the microorganism.

3.3. Effect of initial chlorpyrifos concentration

One of the most important parameters affecting the
growth rate and substrate consumption rate of
microorganisms in biodegradation studies is the initial
substrate concentration. In order to investigate the effect
of the initial concentration of the substrate on the growth
of P. putida and the biodegradation of chlorpyrifos
pesticide, the effect of the initial chlorpyrifos pesticide
concentration on the growth and chlorpyrifos
consumption rate of P. putida bacteria in experimental
studies carried out at constant temperature and mixing
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speed. 25-500 mg L! initial pesticide concentration and
the results are given in Figure 4 and Table 3. It can be
seen from Figure 4 that the maximum specific growth
rate for P. putida microorganism is obtained when the
initial substrate concentration is 50 mg/L at optimum
constant temperature and stirring speed. It can be clearly
seen from Figure 4 that the growth rate of
microorganisms decreases rapidly when the initial
pesticide concentration rises above 50 mg L', Pesticide
concentration above 50 mg/L causes substrate inhibition,
and pesticide concentrations greater than 50 mg L! cause
a rapid decrease in the specific growth rate of
microorganisms. The reason for this inhibition is that
excessive pesticide disrupts the bacterial structure and
prevents their cellular functions.
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Figure 4. Effect of initial pesticide concentration on
microorganism specific growth and pesticide consumption
rates. (P. Putida, pH= 8, T=30 °C, Xo= 10 mL, KH= 100 rpm)

Table 3. Maximum microorganism concentrations, % pesticide
consumption values and doubling times obtained at different
pesticide concentrations (P. putida)

Cro Xm %

(mg/L) G k.mo/L) Cosuption fa(h)
52.31 0.675 68.01 17.5
101.41 0.575 61.61 20.9
146.47 0.554 50.16 242
207.84 0.450 41.68 26.3
264.63 0.340 33.85 32.34
533.41 0.176 14.64 53.3

The decomposition of organic substances in the
metabolic processes of microorganisms affects the
amount of oxygen in the waters. Microorganisms
decompose the organic substances in the water. In the
presence of toxic substances in the environment, the
activities of microorganisms slow down and thus the
decomposition of organic substances is prevented.
During the decomposition of organic substances, a
dynamic balance occurs between the active
microorganisms present in the water and the degradable
organic matter. Depending on the concentration of
organic matter in the water, an oxygen consumption
proportional to the microorganism concentration occurs.
When Table 3 is examined, it is seen that the percentage
of pesticide consumption decreases continuously after 50
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mg L' pesticide concentration, while the microorganism
doubling time (td) increases.

In optimum conditions where the initial pH is 8, the
temperature is 30 °C and the initial pesticide
concentration is 52.31 mg L, the specific growth rate of
the microorganism is 0.0395 h'!, the pesticide
consumption rate is 1.51 mg pesticide/g k. B.C. h, and the
percentage of pesticide consumption was found to be
68.01% at the end of 24.

When the pesticide is used as the sole carbon source, it is
the substrate pesticide that inhibits growth. However,
when a carbon source other than pesticide is used, both
the pesticide and other carbon source may inhibit growth.
The data were evaluated in terms of both substrate and
toxic compound inhibition, and the compatibility of
substrate and toxic compound inhibition with the Monod
equation given below was investigated. In this equation,
pm represents the maximum growth rate (h™!), and Ks the
saturation constant (g L! or mg L.

_ MmC
T Kg+C (1)
It was determined that non-competitive substrate
inhibition (Halden's equation) best describes the system.
It is written as the Halden equation.
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Figure 5. Comparison of microorganism specific growth rate
values calculated from the experimental and Monod equations
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Here, K= is the inhibition constant (mg/g/L) and K;>Kj
is the equation as follows;

Um.C

h=—— 3)

- C
KS(1+K_i+C)

In Figure 4, the microorganism specific growth rate
values calculated by experimental and nonlinear
regression method were compared. The constants in
Equation 2 were calculated as the maximum
microorganism growth rate Qma—= 0.054 h' the
saturation constant K=3.62 mg L' and the inhibition
constant K; = 171.71 mg L.
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3.4. Effect of mixing speed

Mixing is necessary to increase microbial growth by
ensuring that the microorganism is in good contact with
the nutrient medium. The mixing speed is also one of the
important parameters that affect the growth and substrate
consumption rates of the microorganism. The mixing
speed in the biodegradation of Chlorpyrifos pesticide was
investigated in the range of 50-150 rpm. Microorganism
concentration in the medium and chlorpyrifos pesticide
concentrations remaining in the medium were
determined for each mixing speed value, and the effect of
mixing speed on the specific growth and pesticide
consumption rates of the microorganism is given in
Figure 5 below. As can be seen from Figure 5, optimum
microorganism concentration and pesticide consumption
were obtained at a stirring speed of 100 rpm. A reduction
in both the microorganism concentration and the
degraded chlorpyrifos concentration was observed at
mixing speeds lower and higher than 100 rpm.
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Figure 6. Comparison of microorganism specific growth rate
calculated from the experimental and Monod equations

4. CONCLUSIONS

It is aimed to obtain a smooth and as high a peak area as
possible for the peaks of the substance analyzed in gas
chromatography. For this, while developing a gas
chromatography method for the study, different columns
and detectors were tried. The optimum injection, column
and detector temperatures were investigated for each
column and detector tested. As a result of these studies,
flame ionization detector (FID) and Rtx-5MS capillary
column were used for chlorpyrifos pesticide. Various
temperature programs were applied to the column in
order to obtain peaks resulting in a higher peak area by
ensuring the separation of the pesticide from its solvent
in the column. As a result of increasing the column
temperatures according to a program, the baseline of the
detector increased continuously until the end of the
analysis with the injection, so it was decided to work with
constant column temperatures.

The sample volume injected into the injection unit is
generally between 0.5-1 pL for capillary columns. For
this reason, the injection volume was applied as 1 pL in
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the studies. The sample, which turns into steam due to the
temperature of the injection unit, is dragged to the
column by the nitrogen gas. Pesticide analyzes could not
be performed properly because the pesticide could not be
separated when the whole injected sample was dragged
into the girth (splitless). For this purpose, the method in
which only part of the sample injected into the injection
unit is used and the other part is thrown out (split) has
been tried and very good and clear separation peaks that
can be used in the analysis of pesticides have been
obtained.

As a result of these studies, a calibration curve was
created within the framework of the optimum analysis
conditions obtained for chlorpyrifos in gas
chromatography. The correlation of the obtained
calibration curve did not fall below 99%. Since the
sensitivity of the detectors to the determined substances
changes over time, calibration charts were reconstructed
at the beginning and end of the analysis.

It has been understood that the composition of the
biodegradation media greatly affects the consumption of
pesticides, and it has been understood that when another
carbon source is present in the environment, the bacteria
prefer the other carbon source, which is easier to use,
instead of consuming the pesticide. In experimental
studies, where glucose was used as the sole carbon source
and the inhibition effect of glucose on microorganism
growth rate was examined, it was observed that glucose
did not inhibit microorganism growth (Figure 1).

In the batch system, the effects of system parameters such
as pH, temperature and initial pesticide concentration on
the specific growth and substrate consumption rate of the
microorganism  were investigated. 8§, optimum
temperature was determined as 30 °C and optimum initial
pesticide concentration was determined as 50 mg L.
Under these conditions; The maximum microorganism
specific growth rate obtained in the biodegradation of
chlorpyrifos with P. putida was 0.0395 h'! and the
pesticide consumption rate was 1.51 mg g k.mo.h.

It was observed that excessive toxic component
inhibition was effective at concentrations higher than 50
mg L' pesticide concentration.  Maximum
microorganism growth rate (Wmax) for Chlorpyrifos, P.
putida; 0.054 h!, saturation constant (Ks); 3.62 mg L
and inhibition constant, (KI); It was found to be 171, 71
mg L. In the biodegradation of pesticides in living
systems in batch order; By working with mixed cultures,
the increasing and decreasing effects of pesticides on the
growth rate can be examined. This study, which is done
in a batch mixing vessel, can be studied in continuous,
filled and semi-batch reaction vessels.
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ABSTRACT

In this study, policies and regulations about the operation of the
system in the world and in Turkey regarding the necessity of
transitioning to the Zero Waste Management System as a waste
management system were examined and a literature review was
made about the studies on this subject. In line with the
information obtained, the implementation of the system in the
administrative  service units of Adana Metropolitan
Municipality was evaluated. For this purpose, the amounts of
recyclable wastes and non-recyclable wastes collected
separately in the service buildings, taking into account the 12-
month period, were determined. In this process, a total of
137992 kg of waste was collected. 119009 kg of these wastes
were included in the urban waste collection system and sent to
the integrated solid waste disposal facility, while 21983 kg was
delivered to licensed companies as recyclable waste. With the
transition to the Zero Waste Management System, it has been
determined that the amount of waste going to the integrated
solid waste disposal site has decreased by 16% in a 12-month
period. In addition, as a result of the statistical studies on waste
data, it was determined that the recyclable wastes and the non-
recyclable wastes in the 95% confidence interval showed a
statistically significant difference according to the service units
(p<0.05).

Keywords: Solid Waste, Zero Waste, Waste Separation,
Recycling, Adana Metropolitan Municipality.

Sifir atik yonetim sistemi ve Adana biiyiiksehir
belediyesi sifir atik uygulamasinin
degerlendirilmesi

0z

Bu ¢aligmada atik yonetim sistemi olarak Sifir Atik Yonetim
Sistemi’ne gecilmesinin gerekliligi ile ilgili Diinya’da ve
Tiirkiye’de sistemin isleyisi hakkinda politikalar, mevzuatlar
incelenerek bu konuda yapilan caligmalarla ilgili literatiir
taramas1 yapilmistir. Elde edilen bilgiler dogrultusunda Adana
Biiyiiksehir Belediyesine ait idari hizmet birimlerinde sistemin
uygulanmasi degerlendirilmistir. Bu amagla hizmet binalarinda
12 aylik donem dikkate alinarak geri doniistiiriilebilen atiklar
(GDM) ile geri doniisiimii miimkiin olmayan atiklarin (GDMO)
ayr1 ayr1 toplanan miktarlari tespit edilmistir. Bu siirecte toplam
137992 kg atik toplanmustir. Bu atiklarin 119009 kg’1 kentsel
atik toplama sistemine dahil edilip entegre kat1 atik bertaraf
tesisine gonderilirken, 21983 kg’t GDM olarak lisanslt
firmalara teslim edilmistir. Sifir Atik Yonetim Sistemine
gecilmesiyle entegre kati atik bertaraf sahasina giden atik
miktarinin 12 aylik siiregte %16 azaldigi tespit edilmistir.
Ayrica atik verilerine dair istatistiksel ¢alismalar neticesinde
%95 giiven araliginda GDM ve GDMO’larm  hizmet
birimlerine gore istatistiksel olarak anlamli bir farklilik
gosterdigi tespit edilmistir (p<0.05).

Anahtar Kelimeler: Kat1 Atik, Sifir Atik, Atik Ayirma, Geri
Kazanim, Adana Biiyiiksehir Belediyesi.

1. INTRODUCTION

The "disposable" culture, which developed with the rapid
urbanization, economic and industrial developments, and

the rise in living standards due to the increasing
population in developing countries, has significantly
changed both the waste production rate and the waste
composition. However, considering the lack of
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awareness in the society about waste diversity and waste
separation, the inadequacy of waste collection-transport
organization and the difficulties experienced in financial
resources, it is becoming more and more difficult for
municipalities that are responsible for waste management
in cities to provide an effective and efficient service to
the residents of the city.! Ensuring an effective,
systematic and efficient waste management from the
formation of the waste to its final disposal depends on the
good implementation of waste management.” In this
context, Zero Waste Management System (ZWMS),
which is one of the waste management systems, which
aims to prevent and reduce waste at its source, and to
ensure its reuse when this is not possible, has gained great
importance throughout the world.

The term zero waste was first used by Paul Palmer in the
name of Zero Waste Systems Inc-ZWS, which was
founded in the 1970s in Oakland, California, United
States and obtains raw materials from chemicals. The
meaning used today appeared for the first time in the late
1990s *. Over time, many countries and organizations
around the world have adopted the concept of zero waste.
Zero waste is a waste management approach that is based
on sustainability in the world of production, pushes
individuals to act responsibly in living and usage areas,
thus aiming to produce as little waste as possible. Zero
waste management hierarchy forms the basis of ZWMS.
This hierarchy; It consists of four steps: (a) reject what
you do not need and reduce your needs, (b) reuse what
you consume, (¢) recycle what you cannot refuse, reduce
and reuse, and (d) compost/decompose the rest.*

When the methods used in the world for ZWMS are
examined, six themes that can be applied in the life cycle
stages of production and consumption systems and
aiming to reduce waste generation are suggested. These
six themes are; design for zero waste, smart waste control
and reduction planning, smart waste collection, high-
value mixed waste treatment, industrial collaboration,
waste-to-source and recycling.’

Design for zero waste focuses on using less material for
the product and easy assembly/disassembly of the
product at end-of-life. To serve this purpose in the
manufacturing industry, disassembly product designs
and additive manufacturing technologies are being
developed. Disassembly (reverse assembly) is the
process of systematically separating the parts that make
up a product, and the fact that the product can be
disassembled makes great contributions to protecting the
environment by facilitating its repair/renewal and
recycling.® Smart waste controls consist of hardware and
software solutions that analyze waste volumes,
automatically sort waste, and evaluate opportunities to
divert waste through waste reduction, recycling or reuse.
Waste collection efficiency includes modern smart waste
collection systems, smart waste bins monitored by an
integrated sensor network, trucks, maps and a data
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management center, as well as using new technology
providers including geographic information systems,
data access networks, sensors and the internet of things.
Mixed waste treatment refers to systems that accept
mixed solid waste streams and then separate the
designated recyclable materials through a combination of
manual and mechanical separation. Industrial
cooperation, on the other hand, has been respected in
recent years as a cooperation structure where companies
come together and the waste of one is the raw material
for the other.’ Industrial collaboration is a field of
research that focuses on developing digital technologies
that identify wastes suitable for resource matches and
facilitate these exchanges between different companies in
a particular area or region.’

In our country, ZWMS was first implemented in the
Ministry of Environment and Urbanization (MEU) and
the Presidential Complex and the studies on its spread to
the whole country are increasingly continuing. In this
context, the "Zero Waste Implementation Guide",
prepared to guide the implementation of ZWMS, is
available on the MEU's website. In addition, with the
Zero Waste Regulation published in the Official Gazette
dated 12.07.2019 and numbered 30829, the
responsibilities of public/private institutions and
organizations were determined. In order to implement
ZWMS with a sustainable and professional approach; the
roadmap, which consists of 7 stages: determining the
focal point, determining the current situation, planning,
needs and supply, training, implementation and
evaluation, was created by the MEU.®

In this study, the effectiveness of ZWMS in Adana
Metropolitan Municipality (AMM) scale was tried to be
revealed. In this context, the ZWMS applied in AMM
service units has been examined and evaluated. In the
study, the wastes generated in AMM were divided into
two categories as "recyclable waste (RW)" and "non-
recyclable waste (NRW)". Wastes were collected at
source as RW and NRW, and the waste data from each
service unit was recorded. The waste data obtained were
evaluated with the help of descriptive statistics,
parametric test ANOV A and non-parametric test Kruskal
Wallis-H. It is thought that the results of the study will
contribute to the spread of ZWMS applications.

2. MATERIALS AND METHODS
2.1. AMM and Its Affiliates

AMM, selected for the study, provides services in Adana
Province and 15 districts with its 24 Departments, 103
Branch Offices and 9239 personnel. AMM service
buildings consist of the general administration building
(historical town hall), the central building, the additional
service building and various campuses located in suitable
places for the needs of the city. The service units
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examined within the scope of the study and where
ZWMS is applied are given below:

e AMM Headquarters and Additional Service
Buildings
Municipal Houses Additional Service Building
Department of Agricultural Rural Services
Department of Culture and Social Affairs
Transportation Department Bus Branch Office
Municipial Police Department
Department of Parks and Gardens

2.2. ZWMS Review at AMM

The ZWMS, which is being implemented in AMM, has
been examined roadmap covering the stages presented in
Figure 1 according to Ministry of Environment and
Urbanization applications, Zero Waste Regulation
legislation and taking into account the relevant literature.

Figure 1. Roadmap of ZWMS?
* Determining the focal point
*Present condition
*Planning
*Need and supply
*Training

*Implementation

*Reporting and tracking ]

v

2.3. Obtaining the Essential Oils mixtures Statistical
Evaluation of ZVMS at AMM

SPSS 22 V. package program was used for statistical
analysis of waste data. One-way analysis of variance
(ANOVA) used in the study is used to compare the means
of more than two groups.” In order to apply this analysis;
data should consist of quantitative variables, distribution
of data should be normal, group variances should be
relatively homogeneous.'” The distribution of data was
evaluated with the Kolmogorov - Smirnov test.!!:!?
Levene test was used to test the homogeneity of group
variances.'? If there is a difference between the groups in
the comparison of group means, Duncan test, which is
one of the multiple comparison tests, was used to
determine which group had the greater effect.'* Another
test used in the study is the Kruskal-Wallis-H test. This
test, which is a non-parametric test, is used when there is
a problem in the assumptions of one-way analysis of
variance.'” If there is a statistically significant difference
between the groups, the Bonferroni-corrected Mann
Whitney-U Test, which is preferred in pairwise
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comparisons, was used to determine between which
groups this difference was.'®

3. RESULT AND DISCUSSION
3.1. ZWMS Review at AMM

Feasibility studies for the Zero Waste Management
System started in AMM service buildings in 2018, and it
was put into practice as of March 2019. In order to realize
ZWMS in AMM with a sustainable and professional
approach, a roadmap consisting of 7 stages was taken as
a basis: focus, current situation, planning, needs and
procurement, training, implementation, reporting and
follow-up. In order to carry out all the work and
operations related to ZWMS,_the Waste Management
Branch Directorate under the Environmental Protection
and Control Department has been determined as the focal
point. The types of wastes coming out of the
administrative service units are generally paper-
cardboard wastes in the current situation. After paper, the
most common type of waste is plastic, glass and metal
(water bottles, glass juice bottles, metal beverage bottles,
etc.). There is no food leftovers because of there is no
cafeteria in the service buildings. Since the personnel
meets their nutritional needs from outside, there is only
packaging waste of food. In addition, in the case of
bringing fruit and vegetables from home, fruit peels and
tea and coffee pulp are waste as a result of frequent
beverage consumption in offices. There are also napkins,
wet wipes, etc. in the garbage cans in the toilets. wastes
are generated. The number of RW and NRW boxes to be
delivered to the service units were determined by the
focal point personnel, taking into account the floor plan,
number of rooms and corridor lengths of each service
building, as presented in Table 1.

Table 1. Binary Collection System Boxes Distributed to
Service Units

RW NRW
Service Units Box Box
(pes)  (pes)
AMM Headquarters and
Additional Service Buildings 100 100
Belediye Evleri-Additional Service
. 30 30
Building
Department of Agricultural Rural 6 6
Services
Department of Culture and Social
. 5 5
Affairs
Transportation Department Bus 6 6
Branch Office
Municipial Police Department 5 5
Department of Parks and Gardens 6 6

Following the planning stage, by the staff of the Waste
Management Branch (focus point) for the employees of
the institution in the training hall of the AMM main
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service building; training was provided on prevention of
waste generation, minimizing waste if prevention is not
possible, prioritizing reuse, separate collection of waste
at source, recycling/recovery of waste, and project
process (Figure 2).

Figure 2. Images Of The Training Phase In AMM

In the service buildings of the institution, a dual
collection system has been established in the offices in
accordance with the ZWMS. According to this system,
RWs are collected in blue boxes and NRWs are collected
in gray boxes. The filled boxes are weighed and the waste
data is recorded. The wastes coming out of the blue boxes
are stored in the temporary storage area determined in the
service units and sent to the collection and sorting
facilities from there. The wastes collected in gray boxes
are included in the urban garbage collection system and
delivered to the ITC (Invest Trading & Consulting AG)
Solid Waste Disposal Facility, which serves under the
responsibility of AMM.
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Since it is not possible to create an area that will allow to
collect each type of waste in separate categories in AMM
service units, a dual collection system is applied in the
offices. However, as can be seen in Figure 3, a “Zero
Waste Corner” has been created on the ground floor of
the service building, which is called the Main Building,
where it can be easily reached by the staff and visitors.
Boxes suitable for collecting waste were placed in eight
different categories: brown for organic waste, black for
non-recyclable waste, purple for bread residues, blue for
paper-cardboard waste, yellow for plastic waste, green
for glass waste, gray for metal waste, white for food
residues. In addition, a red-colored box was placed for
battery waste and implementation was started in this
region. With this application, it is aimed to raise
awareness of the personnel and citizens visiting the
institution by drawing their attention on the subject.

Temporary storage areas have been created within the
service units in order to keep the wastes safely before
they are delivered to the processing facilities. The
cleaning personnel perform the occupancy checks of the
collection equipment, emptying and cleaning the waste
bins, changing the bags according to the color scale,
weighing the collected wastes, and delivering them to the
temporary storage area

. |

Figure 3. AMM Waste Collection Equipment

In order to register, document and monitor the places to
apply ZWMS and to ensure the traceability of the wastes
managed within the scope of the system, the Integrated
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Environmental Information System (IEIS), which is an
online system created by the MEU, has been registered
as AMM and service units have been added. The amount
of waste collected from the buildings on a monthly basis
by the Waste Management Branch is reported to the IEIS.
It is possible to say that the roadmap and similar methods
chosen for the implementation of ZWMS in AMM
strengthen the sustainable environmental policy and
support social awareness in waste management.

3.2. Calculation of Waste Amounts in Service Units
Affiliated to AMM

Waste calculation results generated within the scope of
ZWMS in AMM service units between October 2019 and
September 2020 are given in Table 2 on a monthly basis.
The working period is also included in the fight against
the Covid-19 epidemic of the world and our country.
Especially in March-April-May 2020, the decrease in the
amount of waste and the change in the amount of waste
during the period can be explained by our country's full
closure, alternate and flexible working practices within
the scope of the epidemic.

Table 2. Amount of Waste Collected in All Service Units by
Month

RW NRW  Total Recovery
Months

(kg) (kg (kg) rate (%)
October
2019 1735 10130 11865  14.60
November
2019 1228 9110 10338  11.88
December
2019 1620 9791 11411 14.20
January
2020 1550 10500 12050  13.58
February
2020 1525 10220 11745  13.00
March 2020 1185 7925 9110 13.00
April 2020 1520 7590 9110 16.70
May 2020 1480 9422 10902  13.58
June 2020 2950 10256 13206  22.40
July 2020 2015 10920 12935  15.58
August
2020 3070 10235 13305  23.07
September
2020 2105 9910 12015  17.52
Total 21983 116009 137992 16

The recovery rates of wastes in the selected period are
given in Figure 4. As seen in Figure 4, the highest
recovery rate is in August with 23.07%, followed by June
with 22.40%.
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Figure 4. Monthly Waste Recovery Rates in All Service Units
Applying ZWMS

Erdur (2019) reported that the amount of recyclable

waste removed from the garbage with the
implementation of the ZWMS project in the
administrative service buildings of Siileymanpasa

Municipality was 18.04% in the first month of the
project, while it was 27.03% in the twelfth month.!” With
ZWMS, it was stated that by learning which materials
should not be thrown away, a decrease in the amount of
waste and an increase in recyclable wastes were observed
with the formation of zero waste awareness in the
personnel. In general, fluctuations are observed in the
recovery rates of the service units obtained in this study
(Figure 4). The reason for this is the fact that the staff has
been transferred to a rotating/flexible working system in
order to protect the health of the employees of the
institution in many service units, with the Covid-19 virus
epidemic appearing in our country for the first time on
March 11, 2020, and as a result, the number of daily
working people has decreased. In addition, it has been
evaluated that factors such as the increase in the use of
disposable materials such as masks due to the change in
habits during the epidemic period, the increase in the use
of napkins and wet wipes in the garbage cans in the
toilets, along with the increase in the habit of hand
washing, caused fluctuations in the amount of waste and
recycling rates.

3.3. Statistical Evaluation of Waste Data

Descriptive statistics on waste data from AMM service
units are presented in Table 3. According to Table 3,
while the average RW collected in all service units during
a year is 1831.92 kg, the average NRW is 9667.42 kg.
The Kolmogorov-Smirnov test and Levene test results of
the collected waste data are given in Table 4. According
to Table 4, it was observed that the RW data did not
conform to the normal distribution at the 95% confidence
interval (p<0.05) and their variances were not
homogeneous (p<0.05). It was observed that the NRW
data conformed to the normal distribution at the 95%
confidence interval (p>0.05) and their variances were
homogeneous (p>0.05).
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Table 3. Descriptive Statistics on Waste Data in AMM Service
Units

Descriptive RW NRW
Statistics (kg) (kg)

N 12 12

Mean 1831.92 9667.42
Standard error 176.74 291.89

of mean

Median 1585.00 10020.00
Mode 1185.00™" 7590.00™
Standard deviation 612.25 1011.15
Variance 374853.17 1022437.35
Minimum 1185.00 7590.00
Maximum 3070.00 10920.00

**: Multiple modes are available. The smallest value is shown.

Table 4. Kolmogorov- Smirnov Test and Levene Test Results
of Waste Types

Type of Test

Tests Waste Statistics P
. RW 0.22 0.00*

Kolmogorov- Smirnov

NRW 0.08 0.20

RW 12.43 0.00*
Levene

NRW 2.18 0.06
*: p<0.05

ANOVA test was used because NRW data provided the
assumptions of normality and homogeneity of variances,
and Kruskal-Wallis-H test was applied because RW data
did not provide assumptions. Obtained results are given
in Table 5. According to Table 5, NRWs and RWs show
a statistically significant difference in 95% confidence
interval according to service units (p<0.05). According to
the Duncan test result applied to the NRW data to find
out which service unit or units these differences originate
from, it was seen that this difference was mostly in the
Central Building and Additional Service Buildings. The
result of the Mann-Whitney U test with Bonferroni
correction applied to the RW data is given graphically in
Figure 5. In Figure 5, the differences between service
units are shown in orange. Considering the average rank
of the service units, it is seen that the 1st service unit,
called the Central Building and Additional Service
Buildings, has higher RW than the other service units.

Table 5. ANOVA and Kruskal-Wallis-H test results

Tests Test Statistics p
NRW - ANOVA 12.57 0.00*
RW - Kruskal-Wallis-H ~ 49.18 0.00*

In this study, the wastes from the service units of AMM
were evaluated in 2 separate categories as RW and NRW,
while Ayeleru et al. collected daily and weekly wastes
specific to the city and classified them into 9 different
categories as paper and cardboard, glass, metal, plastic,
textiles, organics, construction and demolition, special
care waste, and other wastes. '
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Figure 5. Differences of RW by Service Units

In the study, one-way analysis of variance (ANOVA),
which was also used in this study, was used to control
whether the wastes showed statistical differences
according to summer and winter seasons. Since it is a
city-specific study, Minitab Version 17 was used to
evaluate whether the differences between waste data
according to population, employment and number of
households based on historical data covering summer and
winter months are significant. As a result of the studies,
it has been calculated that the highest waste composition
among the daily collected wastes is plastic waste, which
is 28% in summer and 26% in winter. Similarly, it was
determined that organic wastes constitute the highest
waste composition among the weekly collected wastes,
with 28% in summer and 29% in winter, and it was
argued that the difference between the wastes generated
in the two seasons was not statistically significant
(p>0.05). The common aim of both studies is to evaluate
the appropriate ZWMS model by analyzing the
information on waste data with statistical analysis
methods.

4. CONCLUSION

With increasing pressure on limited natural resources, it
is clear that governing bodies around the world are
increasingly interested in models, frameworks and
approaches to sustainable development. Adoption of
ZWMS in waste management has become a necessity
rather than a choice for the transition to a low-carbon and
less polluting economy, where emerging models such as
circular economy principles are adopted in
environmental management, which can alleviate
increasing waste volumes. In this context, when the
ZWMS applied in AMM Administrative Service
Buildings is examined; It has been observed that waste
management is carried out within the framework of the
Zero Waste Management Regulation legislation
provisions and within the scope of a certain hierarchy.'®
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As a result of the statistical studies, it has been
determined that the Central Building and Additional
Service Buildings have higher RWs than other service
units. In the institutional sense, with the ZWMS
application, it has been determined that the recovery
target of the RWs in the waste is achieved here at best. It
is thought that the fact that posters and information
brochures about zero waste are used more widely in the
Headquarters and Additional Service Buildings and that
the personnel in this unit participate in zero waste
trainings are effective in this situation. 119009 kg of the
137992 kg waste collected during the study was included
in the urban waste collection system and sent to the
integrated solid waste disposal facility, while 21983 kg
was delivered to licensed companies as recyclable waste.
Thus, it was possible to achieve an average recovery rate
of 16% for the 12-month period. It is thought that this rate
of gain obtained in the first year of the AMM ZWMS
application will increase with the full adoption of the
application by the institution and the awareness of the
employees.
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ABSTRACT

Volatile and bioactive compositions of saffron collected from
different locations in Turkey and Iran were investigated using
gas chromatography-mass spectrometry (GC-MS/FID and GC-
MS/MS) for identification and quantification of volatile
compounds. Ultrasound-assisted extraction method using
methanol:ethyl acetate solvent mixture was used to isolate the
volatile components of saffron. This study revealed that the
amounts of the volatile and bioactive compounds of saffron
varied between different geographical locations. The most
important bioactive compounds of saffron, safranal, crocin and
crocetin, were also quantitatively analyzed in all saffron
samples. The highest amount of safranal and crocin were
observed in Hatay Yayladag: saffron with 22532.97 mg kg'!
and 647.26 mg kg'!, respectively. The highest amount of
crocetin was obtained with 6.73 mg kg in Ankara Ayas
saffron. While Hatay kirikhan saffron contained the highest
fraction of fatty acid content with 23.56%, the highest fraction
of bioactive components was discovered in Karabiik Safranbolu
ovacuma saffron with 90.84%. According to the obtained
outcomes, the highest qualities saffron were determined to be
observed in Hatay Yayladagi and Karabiik Safranbolu ovacuma
saffron, respectively.

Keywords: Crocus sativus L., GC-MS analysis, Saffron,
ultrasound-assisted extraction, volatile components.

Iran safran1 (Crocus sativus L.) ile Tiirkiye'nin
makro ve mikro lokasyonlarinda yetistirilen
safranin kalite 6zelliklerinin karsilastirilmast

0z

fran ve Tiirkiye’nin farkli lokasyonlardan toplanan safranin
ucucu ve biyoaktif bilesimleri, ugucu bilesiklerin tanimlanmasi
ve miktar tayini i¢in gaz kromatografisi-kiitle spektrometrisi
(GC-MS/FID ve GC-MS/MS) kullanilarak arastirilmigtir.
Safranin ugucu bilesenlerini izole etmek i¢in metanol:etil asetat
¢oziicli karigimi kullanilarak ultrason destekli ekstraksiyon
yontemi kullanilmugtir. Bu galigma, safranin ugucu ve biyoaktif
bilesiklerinin miktarlarmin farkli cografi konumlar arasinda
dogrulandigini ortaya koymak i¢in yapilmstir. Safran, safranal,
krosin ve krosetin gibi en 6nemli biyoaktif bilesikler de tim
safran Orneklerinde kantitatif olarak analiz edilmistir. En
yliksek safranal ve krosin sirasiyla 22532.97 mg kg™ ve 647.26
mg kg'! ile Hatay Yayladag: safraninda gézlemlendi. En yiiksek
krosetin miktar1 6.73 mg kg™! ile Ankara Ayas safraninda elde
edilmistir. Yag asidi icerigi en yiiksek fraksiyon %23.56 ile
Hatay Kirikhan safrani icerirken, biyoaktif bilesenlerin en
yiiksek fraksiyonu %90.84 ile Karabiik Safranbolu ovacuma
safraninda bulunmustur. Elde edilen sonuglara gore en yiiksek
kalite safranin Hatay Yayladagi ve Karabiik Safranbolu
ovacuma safraninda gozlendigi belirlenmistir.

Anahtar Kelimeler: Crocus sativus L., GC-MS analizi, Safran,
ultrason destekli ekstraksiyon, ugucu bilesenler.

1. INTRODUCTION

Saffron (Crocus sativus L.) is a highly valued herb
because of its stigmas, which are widely used as spice,
medicinal drugs and food additives. Saffron has an
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important pharmacological potential and is economically
valuable spice. The saffron plant has a wide history of use
in traditional medicinal treatment or prevention of
different types of diseases, including cancer.'" The dried
saffron stigma contains crocin, safranal and picrocrocin,
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and these photochemical substances are responsible for
the color, aroma and taste of the saffron.* Crocetin is an
aglycone part of naturally occurring crocin and is
produced in biological systems as a hydrolytically
bioactive metabolite.>® Studies on the pharmacological
activities of crocetin have shown that this aglycone is a
therapeutically useful bioactive metabolite.

The quality of saffron is chemically determined by the
existence of three main secondary metabolites; crocin
(water-soluble crocetin esters), picrocrocin
(monoterpene glycoside and safranal precursor) and
safranal (an important essential oil component) are
responsible for colour and bitter taste of saffron. These
metabolites are essential for the quality of saffron. The
amounts of these metabolites in saffron vary according to
the geography where saffron is grown, and therefore,
geographical origin is very important for high quality
saffron production.”® To increase product profitability,
many researchers are working on the evaluation of
saffron by-products such as tepals, stamens, styles, leaves
and corms.”!?

Saffron, which can be grown in tropical and subtropical
climates in the northern hemisphere, is successfully
grown in various ecologies up to 2000 m high altitude.
One of the origins of saffron is Anatolian ecology.
Although most of the parts of Turkey have suitable
ecology for saffron cultivation, saffron is widely grown
in safranbolu region.!! There is no information about the
first origin of saffron around the world, but Iran is
reported to be the first origin for saffron production and
then, it was spreaded out to Turkey and Greece.
However, today saffron is successfully grown in Spain,
Italy, France, Switzerland, Morocco, Egypt, Israel,
Azerbaijan, Pakistan, India, New Zealand, Australia and
Japan. Total saffron production around the world is about
205 tons; Iran 160 tons (~ 80%), India 8-10 tons (~ 5%),
Greek 4-6 tons (~ 3%), Morocco 0.8-1 tons (~ 0.5%),
Spain 0.3-0.5 tons (~ 0.25%) and the rest of it was
produced by other countries.'*!* According to the
literature, location and saffron corms from different
substances and

2.2. Preparation of standard

extraction procedure

0.5 mg mL-1 safranal, crocin ve crocetin standard
solutions were prepared in ethanol, diluted with 10 -
2.000 ng mL-1 concentrations and stored at 4 °C. The
extractions of saffron stigma samples were accomplished
using the ultrasonic-assisted solvent extraction method.
100 mg of stigma was grinded and put in a flask. 1.8—4.2
mL of methanol:ethyl acetate (30:70) mixture was then
added to the flask. Obtained mixture was then sonicated
in an ultrasonic bath for 15 min. After sonication,
obtained extract was centrifuged for 3 min at 5000 rpm.
This process was repeated three times and obtained
supernatants were collected in a different flask. The
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origins can have an impact on saffron productivity and
quality.'? Fatty acid components are analyzed by GC-MS
and GC-MS FID. '>1%17

Today, many researchers have focused on the
identification of new volatile compounds in saffron and
new analytical techniques. Sample characterization is
generally neglected. Some researchers purchase saffron
and analyze it without paying attention to its origin or
originality.” The main objective of this study is to
compare the qualities of saffron obtained from different
locations. Specifically, it was aimed to compare the
qualities of Iranian saffron, which is known to be the
main production area of saffron around the World, and
macro and micro-locations in Turkey. Saffron samples
were collected from the different cities (macro) and their
counties (micro) in Turkey. The amounts of safranal,
crocin, crocetin, volatile compounds, fatty acids and
bioactive components of the obtained samples were
evaluated to discriminate the qualities of the collected
saffron samples.

2. MATERIALS AND METHODS

Saffron samples were obtained from traditional
production areas. The saffron stigmas were dried at room
temperature for two days following harvest and placed in
g glass jars with lids. samples were received from the
production areas by cargo. Iranian saffron was obtained
from the province of Rezevi Khorasani. Saffron stigma
samples in Turkey were obtained from different locations
including Hatay (Kirikhan, Iskenderun, Hassa and
Yayladagi counties), Karabilk (Safranbolu county
Yukaribucak and Ovacuma villages), Ankara (Ayas,
Nallihan and Polatli counties), Cukurova region (Adana-
Cukurova, Mersin-Tarsus and Osmaniye-Kadirli
counties) and Antalya (Korkuteli county). The altitude
and coordinate information of saffron production
locations are given in Table 1. Safranal >90% stabilized,
(W338907-Sample-K), crocetin dialdehyde (18804-10
MG) and crocin (17304-1G) standards were purchased
from Sigma Aldrich and used as received.

solvent mixture was evaporated with a final volume of 1
mL and obtained extracts were stored at +4 °C in the dark
for GC-MS analyses. !

2.3. Gas Chromatography- Tandem
spectrometry (GC-MS/MS) analysis

mass

Volatile components of saffron samples were identified
by GC-MS/MS (Hewlett-Packard 6890) instrument
equipped with HP-5MS fused silica column (5% phenyl
methyl polysiloxane 30 m 0.25 mm i.d.. film thickness
0.25 pm) and Hewlett-Packard mass selective detector
6890. GC-MS/MS analyses were carried out under the
same conditions reported in the literature. * 120
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Table 1. Altitude and coordinate information of safran production locations

. . Longitude Latitude
Macro Micro Elevation
(E) ™)
Kirikhan 122 36 36 3122
Iskenderun 10 36 36 3508
HATAY

Hassa 288 36 36 42 30
Yayladag1 711 36 36 02 08

Safranbolu
) Yukarigiflik 829 4132 1743

KARABUK
Safranbolu Ovacuma 376 41 32 2745
Ayas 902 40 32 0118
ANKARA Nallithan 596 4031 09 20
Polathi 811 3932 3511
Adana Cukurova 95 3735 06 09
CUKUROVA Tarsus 35 3634 57 35
Osmaniye Kadirli 94 3736 23 04
ANTALYA Korkuteli 871 3730 0319
IRAN Rezaviye 955 36 59 16 36
Horasani

2.4. Gas Chromatography-Mass spectrometry flame
ionization detector (GC-MS/FID) analysis

The amounts of safranal, crocin and crocetin were
detected by GC-MS/FID (Hewlett-Packard 6890)
instrument equipped with HP-88 fused silica column
(100 m 0.25 mm id.. film thickness 0.25 pum) and
Hewlett-Packard mass selective detector 6890. The oven
was heated to 60 °C and waited for 1 min at that
temperature. Then, the temperature was raised to 100 °C
by 5 °C min! and waited for 4 min. The temperature was
increased by 5 °C min™! to 135 °C and waited for 20 min.
Finally, it was increased by 10 °C min"! to 170 °C and
waited for 22 min. The gas mixture to the flame was
made of 60 mL min™! of H2 (UHP grade), 400 mL min'!
air (zero grade), 10 mL min' Helyum (99.9999%) as
carrier gas. Injector temperature was kept at 200 °C. * '

3. RESULTS AND DISCUSSION

In this study, the quality of saffron samples obtained from
different locations was evaluated using two different
aspects. First, evaluation involved in some quality
comparisons of saffron samples obtained from 13
different micro-locations in five different macro
locations in Turkey and Iranian saffron. In both studies,
the volatile components in the stigma samples were
determined by GC-MS/MS analysis. The amount of
active ingredients indicating the quality of saffron such
as safranal, crocin and crocetin in the stigma were
determined by GC-MS/FID analysis. Both analysis
methods are explained comparatively.
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3.1. Comparisons of the qualities of saffron samples

Safranal fractions of Iranian saffron and saffron grown in
different locations in Turkey and the amounts of safranal,
crocin and crocetin in these saffron samples were
summarized in Table 2. According to the Table 1, the
highest fractions of safranal were obtained with the order
by 86.88% Safranbolu Ovacuma saffron in Karabiik,
75.48% Yayladagi saffron in Hatay, 70.23% Polath
saffron in Ankara, 68.58% Osmaniye Kadirli in
Cukurova. Safranal fraction in Iranian saffron was found
to be 64.66%. When safranal fractions were compared,
the highest amount of safranal was observed in
Safranbolu Ovacuma saffron in Karabiik with 86.88%.
Safranal, which is the most abundant volatile component
in saffron, was reported to constitute 60-70% of the
volatile components in saffron in the literature.”! In
another report, it was reported that 93% of safranal was
found in the saffron sample according to the
olfactometric.”

In another study, the fractions of safranal in Spanish
saffron collected from different locations were found to
be 77.7% (SF-SP4), 73.2% (SF-SP3), 64.5% (SF-SP2),
SF-SP6 (50.7%), 32.1% (SF-SP1) and 29.8% (SF-SP5).
Significant differences on the safranal fractions were
observed among the different locations. Such differences
were reported to be due to different agricultural practices
or drying methods of saffron.”
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Table 2. Comparison of the safranal fractions and the amounts of safranal, crocin and crocetin compounds obtained from Iranian

saffron and saffron from micro and macro locations in Turkey.

Location GC-MS/MS GC-MS/FID
. Safranal Safranal . .
Macro Micro (%) (mg/kg) Crocin (mg/kg) Crocetin (mg/kg)
Kirikhan 24 .47 5422.74 379.84 1.30
Iskenderun 29.31 7828.07 91.80 5.98
HATAY
Hassa 28.56 3253.14 284.66 0.70
Yayladagi 75.48 22532.97 647.26 3.40
Safranbolu 64.10 12095.55 77.56 0.20
.. Yukarigiflik

KARABUK Safranbol
afranbotu 86.88 21776.36 157.04 2.20

Ovacuma
Ayas 68.88 20609.74 526.04 6.73
ANKARA Nallithan 66.97 14439.36 241.93 3.52
Polathi 70.23 16764.30 488.86 5.10
Adana Cukurova 65.53 14681.35 223.46 3.26
CUKUROVA Tarsus 57.48 15717.08 534.35 0.02
Osmaniye Kadirli 68.58 14942.37 225.76 1.97
ANTALYA Korkuteli 34.67 4450.01 221.23 2.20
IRAN Rezevi Horasani 64.66 14678.80 358.38 5.80

The amounts of safranal significantly differed among the
different locations. The highest amount of safranal was
observed in the order by Yayladag:i saffron with
22532.97 mg kg'!, Safranbolu Ovacuma saffron with
21776.36 mg kg™!, Ayas saffron with 20609.74 mg kg™,
Tarsus saffron with 15717.08 mg kg' and Korkuteli
saffron with 4450.01 mg kg!. The amount of safranal in
Iranian saffron was 14648.80 mg kg'. In the literature,
the average amount of safranal in different locations was
examined and results showed that safranal was obtained
with 335.9 g kg’ in Spanish saffron and 488.6 g kg! in
Greek saffron. The geography plays an important role for
the amounts of safranal found in saffron among different
farming locations, especially in the regions of Greece,
Iran, Italy and Spain, but no significant difference was
observed between Iranian and Spanish saffron.”* The
amounts of safranal from 76 commercially available
saffron samples in different countries varied between
1.35 and 10.56 g kg! by the GC-MS/FID analysis. *°

According to GC-MS/FID analysis results, the highest
amounts of crocin in the macro locations was obtained in
the order of Yayladag: saffron in Hatay with 647.26 mg
kg!, Tarsus saffron in Cukurova with 534.35 mg kg,
Ayas saffron in Ankara with 526.04 mg kg!, Korkuteli
saffron in Antalya with 221.23 mg kg™ and Safranbolu
Ovacuma saffron in Karabiik with 157.04 mg kg'!' (Table
2). The amount of crocin in Iranian saffron was found to
be 358.38 mg kg'!. As seen in the Table 2, the highest
amount of crocin was observed in Hatay Yayladag:
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saffron with 647.26 mg kg!. Crocin amounts in some
locations in Turkey, especially Yayladagi and Kirikhan
in Hatay, Ayas and Polatli in Ankara and Tarsus in
Cukurova locations, are found to be higher compared to
the Iranian saffron. In the literature, the amounts of crocin
under different locations, drying conditions and 20
months storage period were reported to be 333.33 mg kg
!in Tehran and 293.33 mg kg''in Alborz in Iran.?® This
study shows that the amounts of crocin obtained from
Iranian saffron are very close to our findings. When the
crocetin amounts were evaluated according to GC-
MS/FID analysis results, the highest crocetin amounts
were obtained in the order of Ayas saffron in Ankara with
6.73 mg kg'!, Iskenderun saffron in Hatay with 5.98 mg
kg!, Adana Cukurova saffron in Cukurova with 3.26 mg
kg!, Safranbolu Ovacuma saffron in Karabiik with 2.20
mg kg'! and Korkuteli saffron in Antalya with 2.20 mg
kg!. The amount of crocetin in Iranian saffron was 5.80
mg kg-1. The highest amount of crocetin was observed in
Ayas saffron in Ankara with 6.73 mg kg™

3.2. Evaluation of major components in saffron
samples

Major components of saffron samples grown in Iran and
different locations in Turkey are presented in Table 3. Six
most abundant volatile components found in saffron
samples identified by GC-MS/MS analysis are shown in
Table 3.
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Table 3. Major volatile components of saffron samples obtained in Iran and macro and micro locations in Turkey.

The fractions (%) of major components observed in saffron grown in Hatay macro climate

Rt Volatile components Kirikhan iskenderun Hassa Yayladag
1 12.706 Safranal 24.47 29.51 28.56 75.48
2 38.696 Glyceryl Arachidate 20.71 20.16 15.48 5.32
3 33.429 Linoleic Acid 9.53 2.65 0.38 0.34
4 31.481 Palmitic Acid 5.47 3.52 4.95 1.89
5 33.302 Stearolic Acid 4.04 4.59 8.40 3.07
6 39.466 Oleoamide 2.79 7.13 2.65 0.90
67.01 67.56 60.42 87.00
The fractions (%) of major components observed in saffron grown in Karabiik macro climate
Safranbolu Safranbolu Ovacuma
Yukariciftlik
1 12.706 Safranal 64.10 86.90
2 38.696 Glyceryl Arachidate 7.45 3.46
3 18.905 2,6,6-Trimethyl-4-Hydroxy-1-Cyclohexene-1- 1.43 1.75
Carboxaldehyde
4 33.302 Stearolic Acid 3.06 1.23
5 31.481 Palmitic Acid 2.60 0.92
6 11.182 2,3-Dihydro-3,5-Dihydroxy-6-Methyl-4H-Pyran- 0.73 0.69
4-One
79.37 94.95
The fractions (%) of major components observed in saffron grown in Ankara macro climate
Ayas Nallithan Polath
1 12.706 Safranal 68.90 66.97 70.20
2 38.696 Glyceryl Arachidate 8.62 6.68 5.55
3 39.466 Oleoamide 3.56 1.10 1.18
4 33.302 Stearolic Acid 247 6.36 2.90
5 31.481 Palmitic Acid 1.65 2.67 0.00
6 33.465 Linolenic Acid Methyl Ester 1.44 2.05 0.18
86.64 85.83 80.01
The fractions (%) of major components observed in saffron grown in Cukurova macro climate
Adana Cukurova Mersin Osmaniye
Tarsus Kadirli
1 12.706 Safranal 65.5 57.5 68.6
2 38.696 Glyceryl Arachidate 6.98 7.48 6.94
3 33.302 Stearolic Acid 4.22 6.20 2.23
4 31.481 Palmitic Acid 2.40 0.00 1.94
5 5.098 Butenolide 2.36 0.63 0.33
6 11.182 2,3-Dihydro-3,5-Dihydroxy-6-Methyl- 1.26 1.70 1.38
4H-Pyran-4-One
82.72 73.51 81.42
The fractions (%) of major components observed in saffron grown in Antalya macro climate
Korkuteli
1 12.706 Safranal 68.6
2 38.696 Glyceryl Arachidate 6.94
3 33.302 Stearolic Acid 2.23
4 31.481 Palmitic Acid 1.94
5 17.661 Isopropylidenecyclopropyl Methyl Ketone 1.63
6 11.182 2,3-Dihydro-3,5-Dihydroxy-6-Methyl-4H-Pyran-4-One 1.38
82.72
The fractions (%) of major components observed in saffron grown in Iran macro climate
Rezevi Horasam
1 12.706 Safranal 64.7
2 38.696 Glyceryl Arachidate 7.10
3 33.429 Linoleic Acid 3.84
4 31.481 Palmitic Acid 2.46
5 33.302 Stearolic Acid 2.10
6 17.661 Isopropylidenecyclopropyl Methyl Ketone 1.81

82.01
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These six components have been detected as major
volatile components of the saffron stigmas. The second
most abundant component of the saffron samples for all
locations was found to be glyceryl arachidate. The
highest amount of volatile components in saffron
samples were observed in the order of Safranbolu
Ovacuma saffron in Karabiik with 94.95%, Hatay
Yayladag: saffron with 87.00%, Ankara Ayas Saffron
with 86.64%, Adana Cukurova saffron with 82.72% and
Antalya Korkuteli Saffron with 82.72%. The amount of
major volatile components in the Iranian saffron was
found to be 82.01%.

3.3. Evaluation of essential fatty acid components

According to the obtained results, saffron samples
contained significant amounts of fatty acids as major
components. It was observed that saffron samples contain
very rich essential fatty acid compositions including
palmitic acid, pentadecanoic acid, stearolic acid, linoleic
acid, linolenic acid methyl ester, stearic acid and

oleoamide. These fatty acids found in saffron samples are
shown in Table 4. The highest amounts of fatty acids
found in saffron samples are observed with 23.56% from
Kirikhan saffron in Hatay, 13.79% from Antalya saffron,
13.40% from Nallihan saffron in Ankara, 11.31% from
Mersin Tarsus saffron and 9.76% from Safranbolu
Yukarigiftlik saffron in Karabiik. The fatty acid fraction
in the Iranian saffron is detected to be 10.36%. Table 4
shows that fractions of the volatile fatty acids in saffron
stigmas are quite high, such amounts of fatty acids is
considered to be very important for both human health
and saffron quality. Tables 4 also shows that stearolic
acid seems to be the most abundant fatty acid found in
saffron stigmas for all locations. In the literature,
differences between the amounts of saturated and
unsaturated fatty acids in saffron pollens were found to
be quite high. Omega acids (3,6,7,9) including linolenic
acid have been reported to be found among the
unsaturated fatty acids.’

Table 4. Volatile fatty acids obtained from Iranian saffron and saffron samples from micro and macro locations in Turkey.

Fatty acid fractions (%)

Macro Micro Palmitic  Pentadecanoic  Stearolic Linoleic  Linolenic  Stearic Oleoamide  Total
Locations Locations (%) (%) (%) (%) Methyl (%) (%) (%)
Ester (%)
Kirikhan 5.47 0.54 4.04 9.53 0.00 1.19 2.79 23.56
HATAY Iskenderun 3.52 0.54 4.59 2.65 0.00 1.13 7.13 19.56
Hassa 4.95 0.00 8.40 0.38 0.00 1.39 2.65 17.77
Yayladagi 1.89 0.00 3.07 0.34 1.12 0.52 0.90 7.84
Safranbolu 2.60 0.41 3.06 0.31 1.98 0.00 1.40 9.76
.. Yukarigiflik
KARABUK
Safranbolu
Ovacuma 0.92 0.19 1.23 0.00 0.00 0.31 0.49 3.14
Ayas 1.65 0.00 2.47 0.23 1.44 0.00 3.56 9.35
ANKARA Nallithan 2.67 0.23 6.36 0.22 2.05 0.77 1.10 13.40
Polathi 0.00 0.27 2.90 0.28 0.18 2.66 1.18 7.47
Adana 2.40 0.00 422 0.29 0.00 1.23 0.99 9.13
Cukurova
CUKUROVA Tarsus 0.00 0.44 6.20 041 0.00 3.21 1.05 11.31
Osmaniye
Kadirli 1.94 0.39 2.23 0.36 0.00 0.74 0.91 6.57
ANTALYA Korkuteli 0.00 0.63 0.00 0.56 4.25 7.14 1.21 13.79
IRAN Rezevi 246 0.33 2.10 3.84 0.00 0.94 0.69 10.36
Horasani

3.4. Evaluation of the bioactive components

Comparison of the bioactive components (drug, food,
pharmacological) of the Iranian saffron and saffron
grown in different locations in Turkey are given in Table
5. Bioactive components were identified with literature
searches (PubChem and Sigma Aldrich Research
Databases). Volatile fatty acids found in saffron samples
are already shown in Table 4 and therefore, they are not
included in Table 4. Safranbolu Ovacuma saffron in
Karabiik had the highest amount of volatile compounds
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(90.84%) with bioactive properties, followed in the order
by 82.31% in Yayladag: saffron in Hatay, 79.31% in
Ayas saffron in Ankara, 77.03% in Osmaniye Kadirli
saffron in Cukurova region and 55.28% in Korkuteli
saffron in Antalya. The fraction of the bioactive volatile
components found in the Iranian saffron was 74.41%. It
has been reported in the literature that bioactive
compounds may differ between dissimilar genotypes or
genotypes  collected from different geographic
regions.””?® Therefore, none of the bioactive components
were found at the same amount for all locations.** In a
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study carried out with olfactometric technique, it was
reported that 2,3-butanedione was found as a main flavor
compound of Spanish saffron. In the same study, many
bioactive components including safranal, isophorone,

and 4-ketoisophorone were found in the saffron
samples.?’ Isophorones are known to be bioactive and
have chemopreventive, antimicrobial and antioxidant
activity properties.

Table 5. Bioactive components of saffron samples obtained in Iran and macro and micro locations in Turkey.

S E S % S E S g Q S
= = e = ~ = ° _ — o
g g g £z g 2z -1 £ £z §% <
= = El 2 < s g 2T 22 2= El
£ 3 s % g E° CGEF S g
s s g & g 2 A X & z
Kirikhan 124 248 000 063 2447 181 138 2071 52.72
HATAY iskenderun 1.74 1.20 144 064 2951 046 137 2016  56.52
Hassa 1.49 1.46 168 040 2856  0.00 134 1548  50.41
Yayladag 0.85 019 000 000 7548 000 047 532 8231
Safranbolu
) YVokargifiik 133 0.25 086  0.83 64.1 089 000 745 7571
KARABUK Safranbolu
o 000 000 000 023 8688 000 027 346  90.84
vacuma
Ayas 059 000 000 055 6888 000 067 862 7931
ANKARA Nallihan 124 018 000 025 6697 000  0.65 668 7597
Polatli 020 000 000 027 7023 000  0.53 555 7678
Adana 236 000 000 066 6553 000 0.6l 698  76.14
Cukurova
CUKUROVA  Mersin Tarsus  0.63 0.00 1.29 07 5748 000  0.83 748  68.41
Osmaniye
Kadil: 0.33 000 000 061 6858 000 057 694  77.03
ANTALYA Korkuteli 230 000 26l 083 3467 0.0 124 1363 5528
IRAN HRezeV‘ 124 0.00 0.00 0.63 6466  0.00 0.78 710 74.41
orasani
4. CONCLUSION REFERENCES

In this work, we studied the effects of different
geographical locations on the kind and amounts of
volatile and fatty acid components of saffron. The results
showed a significant effect of the location on the volatile
compounds of saffron. On the basis of the obtained
results, saffron is an adaptable plant and can be
efficiently produced in different geographical and
climate conditions. Geographic origin, drying process
and different agricultural processes play an important
effect on the qualities of saffron and may result in
significant differences in the amounts of volatile and
bioactive components in saffron samples. According to
the obtained outcomes, the highest qualities saffron were
determined to be observed in Hatay yayladagi and
Karabiik safranbolu ovacuma saffron, respectively. Even
though Hatay yayladagi and Karabiik safranbolu stations
located in different geographic regions, their altitudes are
very close. Therefore, they probably have similar climate
effects on the qualities of saffron.
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ABSTRACT

Petroselinum crispum (Parsley) and Foeniculum vulgare
(Fennel) are aromatic herbs belonging to Apiaceae and
Lamiaceae family. Phytochemical, GC-MS and FTIR
properties of ethanolic extract of Foeniculum vulgare and
Petroselinum crispum leaves investigated. Plant leaves were
extracted based on separation using ethanol and subjected to
phytochemical testing that revealed the presence of biologically
active substances including terpenoids, steroids, flavonoids,
alkaloids, tannins and cardiac glycosides. GC-MS evaluation of
Foeniculum vulgare revealed two bioactive compounds (1,4
Cyclohexadiene and Metronidazole) and Petroselinum crispum
revealed six bioactive compounds (Cineole, I-Limonene,
Cyclohexane, Phenol, Neophytadiene and 9,12,15
octadecatrienoic). FTIR analysis of parsley displayed strong
bands at 2915.50 cm™! which corresponds to C—H stretching and
medium band at 1476.80 cm™' which corresponds to N-H
stretching vibrations due to the presence of amino acids. Fennel
displayed strong bands at 2832.61 cm'1 which is equivalent to
C-H showing saturated and unsaturated compounds and
medium band at 1029.98 cm! corresponds to C—O present in
esters. Antibacterial activity of these plants confirmed their
effectiveness in the traditional medicine.

Keywords: Petroselinum crispum, foeniculum vulgare, FTIR,
medicinal plant, phytochemical, GC-MS.

Foeniculum vulgare ve Petroselinum crispum
yapraklariin etanol 6ziindeki fitokimyasal ve

GCMS analizi
0z

Petroselinum crispum (Maydanoz) ve Foeniculum vulgare
(Rezene) tiirleri sirastyla Apiaceae ve Lamiaceae familyasina
ait aromatik bitkilerdir. Bu ¢alismada Foeniculum vulgare ve
Petroselinum crispum yapraklarinin etanolik ekstraktinin
fitokimyasal, GC-MS ve FTIR o6zelliklerinin arastirilmasi
amaglamigtir. Her iki bitkinin yapraklari etanol kullanilarak
ekstrakte edilip ayirildi. Ayrilan bu ekstraktlar terpenoidler,
steroidler, flavonoidler, alkaloidler, tanenler ve kardiyak
glikozitler dahil biyolojik olarak aktif maddelerin varligini
ortaya ¢ikaran fitokimyasal testlere tabi tutuldu. GC-MS
Ol¢limiinde Foeniculum vulgare'nin degerlendirmesinde iki
biyoaktif bilesik (1,4 Cyclohexadiene ve Metronidazole) ve
Petroselinum crispum altt biyoaktif bilesik (Cineole, I-
Limonene, Cyclohexane, Phenol, Neophytadiene ve 9,12,15
octadecatrienoic) ortaya c¢ikmistir. Maydanoz’un FTIR
analizinde, C-H gerilmesine karsilik gelen 2915.50 cm!'de
gii¢lii bantlar ve amino asitlerin varligindan dolay1 N-H gerilme
titresimlerine karsilik gelen 1476.80 cm''de orta bantlar
saptanmistir. Rezenede sirasiyla doymus ve doymamis
bilesikleri gosteren C—H'ye esdeger olan 2832.61 cm!'de giiglii
bantlar saptanms ve 1029.98 cm''deki orta bant esterlerde
bulunan C—O'ya karsilik gelmistir. Bu bitkilerin antibakteriyel
aktivitesi, geleneksel tiptaki etkinliklerini dogrulamustir.

Anahtar Kelimeler: Petroselinum crispum, foeniculum
vulgare, FTIR, tibbi bitki, fitokimyasal, GC-MS.

1. INTRODUCTION

Plants and their derivatives have always been an
important source of medication for our ailing conditions
for centuries in the history of mankind.! The first
understanding and the discovery of different healing

117

effects of plants was from ancient times. Over time,
humans became interested in knowing the exact origins
and what was responsible for most of the healing
properties of the components of the plant.? Plants are the
primary basis of pharmaceutical drugs, with a broad
range of biological actions including antimicrobial,
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antioxidants and anti-fungal properties.”* Although,
several microorganisms have formed resistance against
antibiotics, leading to healing deficiency.>® Current
antibiotic treatments are also very costly. Plants can
produce a large number of diverse bioactive compounds.’
High concentrations of phytochemicals, which may
protect against free radical damage, accumulate in fruits
and  vegetables  Plants  containing  valuable
phytochemicals can complement the needs of the human
body by acting as natural antioxidants. ® Several studies
have shown that many plants are rich source of
antioxidants. This resulted in an increase in the use of
plant extracts and their derivatives.” In early research,
some botanical products have demonstrated the curative
ability of severe illnesses including cancer, blood
glucose, and inflammation.'®!" These reports reveal that
the plants however constitute significantly for the
detection of innovative drugs and medicinal substances.

Foeniculum vulgare is commonly referred to as fennel
plant belonging to the Lamiaceae family originally
cultivated mainly in the Mediterranean region, although
it is currently being adapted and planted in most part of
the world. Research has indicated that the fennel plant
particularly its leaves contains various biologically active
and phytochemical constituents.'> In highly European
countries, fennel is traditional utilized as a therapeutic
herb with a recipe in local dishes.'® In Cyprus, the leaves
and flowers are also being used as dyes called Turkish
brown or yellow dye.'* It is an indigenous plant of
Mediterranean region in southern Europe to be precise,
but then owing to its therapeutic benefit and huge
bioactive constituent, fennel become adopted virtually
everywhere on the world right now.'? Its fresh or dried
leaves, roots, seed and fruit are used in cosmetic
products, pharmaceutical and food industries.

Petroselinum crispum (Parsley) exists as a herb from the
Apiaceae family, which is being used in food, medicinal
products, cosmetic and perfume industry.'S Petroselinum
crispum may prove to be one of the world's most ancient
medicinal plants used as a condiment in food.'® Earlier
research on the biochemical makeup of Petroselinum
crispum have showed the existence of flavonoid
compounds, terpenoids and 2H-chromen-2-one.'” Tt is
used for treating different illnesses like strokes, clotting,
alzheimer and cardiovascular diseases. In traditional
medicine, Petroselinum crispum is used as a treatment
for hemorrhoids, the roots for treating urethral infection,
kidney stones and enhancing brain operation and
memory.'® Furthermore, Pasley is being utilized as a
hypoglycemic, abortifacient, hypolipidemic,
carminative, anticoagulant, emmenagogic agent and
antimicrobial agent.!”

This research was aimed to investigate the
phytochemical, GC-MS and FTIR properties of ethanolic
extract of Foeniculum vulgare and Petroselinum crispum
leaves.
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2. MATERIALS AND METHODS
2.1. Extract preparation

Foeniculum vulgare and Petroselinum crispum leaves
were acquired from a vegetable garden in lefkosa,
Cyprus. Both plant leaves were identified by a botanist
from the Cyprus ministry of agriculture and natural
resources. The collected leaves from both plant material
was left dry at room temperature and later grounded in an
electric power grinder. Consequently, 45 g of both plant
leaves powder were extracted using 200 ml of ethanol in
a Soxhlet system and both extracts were filtered using a
whatman filter paper. The amount of extracts obtained
was weighed and the residue were kept in dark to be used
further during the experiment.?’ The residue was kept in
the dark to prevent changes in the nature of the plant’s
constituents.

2.2. Chemicals and materials

The chemicals used were all analytical grade reagents.
The chemicals used were purchased from the sigma-
Aldrich chemical company (St. Louis, MO, USA). The
Milli-Q purification system (Millipore, Bedford, MA,
USA) was used for the refinement of water used in the
research analysis.

2.3. Phytochemical screening

The qualitative phytochemical screening of the ethanolic
extract of both plant leaves were subjected for the
discovery of various phytochemicals produce in the
ethanol extracts by using standard method proposed by
Shahmokhtar and Farzaei.”"**” The ethanol extract was
evaluated for the presence and absence of Flavonoids,
Tannins, Saponins, Steroids, Terpenoids, Cardiac
glycosides and Alkaloids.

2.4. Saponins

5ml of distilled water (5ml) was mixed with 2 g of extract
and shaken vigorously in a test tube for 45 s. The test tube
was let to stand for 30 minutes in a vertical position. The
honeycomb froth that persists for 15-20 minutes
demonstrates the presence of saponins.

2.5. Alkaloids

2ml of 1% HCL was added to 1 g of extract and then
moderately heated, then the reagents (Mayer and
Wagner) were added at the same time to the mixture.
Darkening of the resulting precipitate was regarded as the
evidence for the presence of alkaloids.

2.6. Tannins

The ethanol extract (1g) was mixed with distilled water
(15ml) inside a test tube and heated simultaneously with
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the addition of ferric chloride solution (in drops) showing
the presence of tannins when a brownish green color is
observed.

2.7. Flavonoids

The ethanol extract (1g) was mixed with sodium
hydroxide (4ml) and H»SO4 (2 drops) showing the
presence of flavonoids when a yellow coloration is
formed.

2.8. Glycosides

Acetic acid (4ml) and chloroform (2ml) were mixed with
ethanol extract (1g) forming a solution which was cooled
and the addition of H,SO4 showing the presence of
glycosides when a green coloration is formed.

2.9. Steroids

Chloroform (2ml) was mixed with ethanol extract (1g)
and then H>SO4 (4ml) showing the presence of steroids
when a reddish coloration is formed.

2.10. Terpenoids

Chloroform (4ml) and acetic anhydride (Iml) were
mixed with ethanol extract (1g) and the addition of
H>SO4 (2ml) showing the presence of terpenoids when a
reddish violet coloration is formed.

2.11. GC-MS analysis

GC has the ability to detect and resolve complex mixtures
extracts containing many different compounds.
Immediately the components exeunt the GC column, they
are then ionized and separated as fragment by the mass
spectrometer (MS) using chemical ionization sources.
The Foeniculum vulgare and Petroselinum crispum
leaves ethanol extracts were analyzed using a GC-MS
system (GC-MSQP2010 SE plus Shimadzu Technology
Japan) equipped with an HP-5MS capillary column (30m
x0.25 mm) to determine the active compound. The
injection volume of each sample was 1puL. And Helium
was used as a carrier gas with flow rate of 1 mL/min, the
injection port temperature was 250°C and the program of
the sample was set to a temperature ranges from 50°C to
300°C at a rate of 50°C /min and 10min hold at 300-C for
non-volatile constituents. The GC-MS analysis was
carried out in Chemistry Laboratory of Cyprus
International University.

2.12. Identification of Compounds

The Identification details of the separation between the
volatile compounds was carried out via retention indices
and mass spectrometry through a comparison using
database of National Institute Standard and Technology
(NIST), library 2008.
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2.12. FTIR analysis

The Fourier-transform infrared spectroscopy (FTIR)
method and technique was used for the determination and
identification of various types of functional groups in
each powdered leave ethanol extract of the two plant used
in the analysis as described by Hussein. The absorbed
light wavelength is a function of the chemical bond. By
reading the infrared absorption spectrum, the chemical
bonds within a molecule are determined. The infrared
spectroscopy spectrum (IR) was obtained using the
Fourier-transform infrared spectroscopy (Shimadzu
Japan). The ethanol extract powdered (10mg) of both
plant leaves was toil in an agate motor, encapsulated in
100mg of KBr pellet, to prepare translucent sample disc
and pestle in order to obtain a fine powdered sample and
the obtained fine powdered was subsequently used for the
FTIR analysis.

3. RESULTS AND DISCUSSION

Qualitative analysis of some secondary metabolites was
studied in Foeniculum vulgare and Petroselinum crispum
leaves ethanol extract. Generally, the medicinal
properties of pharmaceutical plants may be ascribed to
the existence of a variety of phytochemicals such
Steroids, Tannins, Terpenoids etc. The various biological
activities of all known phytochemicals including
antioxidants, antifungals and antibacterial activity are
recognized. The results showed that both plant extracts
contain flavonoids, tannins, saponins, steroids,
terpenoids, alkaloids and glycosides. Likewise,
terpenoids was not present in Petroselinum crispum
leaves ethanol extract. These phytochemicals indicated to
offer exceptional pharmaceutical activities in both the
conventional and traditional medicine. The unique
healing and medicinal effects of plants is also dependent
on the presence of their secondary metabolites.
Foeniculum vulgare and Petroselinum crispum ethanol
leaves extract, in accordance with the previous
phytochemical study, have the same secondary
metabolites such as flavonoids, tannins, saponins,
steroids, terpenoids and glycosides.'”*? The presence of
organic nitrogen compounds with antibacterial properties
is alkaloids. The core group of phenolic compounds
acting as anti-inflammatory, antimutagenic, antioxidants
and anticarcinogenic properties are flavonoids and
tannins. hepatoprotective, antipyresis, antidiabetic, pain
alleviation and relaxing therapies are found in terpenoids.
Both plants have often been used as nausea, laxative and
antitumor treatments for fever medications.?*** Analysis
of phytochemistry of both leaves showed that both plants
contains rich bioactive compounds as shown in Table 1
and Table 2. However, the leaves and stems are currently
used in a limited number of current uses in conventional
medicine, the lack of science reports on the leaf prompted
us to carry out a methodical phytochemical analysis of
the plant. Potential future research would certainly allow
the positive properties to be highlighted, which may open
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new pathways so that they can make effective use of the
plant as a rich source of bioactive compounds in the
pharmaceutical industry.

Table 1. phytochemical analysis results of Foeniculum Vulgare
leaves ethanol extract.

Phytochemicals Foeniculum Vulgare leaves
Flavonoids +
Tannins +
Saponins +
Steroids +
Terpenoids +
Alkaloids +
Glycosides +

+ (present), - (absent)

Table 2. Phytochemical analysis results of Petroselinum
crispum leaves ethanol extract.

Phytochemicals Petroselinum crispum
leaves
Flavonoids +
Tannins +
Saponins +
Steroids +
Terpenoids -
Alkaloids +
Glycosides +

+ (present), - (absent)

Fourier Transform Infrared Spectrophotometer (FTIR) is
one of the most important analytical tools for the
determination and identifying the types of the functional
group presents in a given compound. It is also a rapid
technique used to synthesize and characterize organic
cell properties and identify their functional group in
molecules depending on their vibrating frequency at
different wave number. The FTIR spectroscopy is an
analytical tool used in identification of several functional
groups responsible for medicinal properties in both
plants. FTIR spectroscopy was used to determine some
qualitative aspects of the organic compounds in
Foeniculum vulgare and Petroselinum crispum leaves
ethanol extract. The FT-IR spectrum shows the
characteristics of the fingerprint. The infrared spectrum
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can recognize and detect certain variations not only of the
main inorganic materials. We confirm the presence of
many characteristics functional groups as detected at
different vibrational frequency band in the IR spectrum
as shown in Figure 1 and Figure 2. The various functional
groups observed using FTIR spectrum indicates the
presence of O-H group (alcohol), carboxylic acid, amine,
Sulphur derivatives, amino acid, and nitro - compounds
among others as recorded in Table 3 and Table 4. The
FTIR spectrum of Petroselinum crispum leaves
displayed four different bands across the entire range
observed. The frequency bands at 2915.50 cm™ and
3300.84 cm! corresponds to C-H and O-H stretching
present in hydrocarbons and benzene ring compounds
(like ascorbic acid) respectively.?>2®
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Figure 1. FTIR Spectrum of Petroselinum crispum leaves
sample at solid state.
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Figure 2. FTIR Spectrum of Foeniculum Vulgare leaves
sample at solid state.

The absorption bands at 1476.80 cm™' which corresponds
to N-H stretching vibrations may be due to the presence
of amino acids.”” The FTIR spectrum of Foeniculum
vulgare leaves displayed six different bands across the
entire range observed. The bands at 2832.61 cm! and
2984.56 cm! corresponds to C—H present in alkenes and
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alkanes respectively and bands at 1029.98 cm’!
corresponds to C—O present in esters.”® The frequency
bands at 3316.15 cm™! and 1354.64 cm™! corresponds to
O-H stretching and SO stretching present in alcohol.”®

Table 3. Absorption peak and functional group of Petroselinum
crispum leaves sample (at solid state).

Functional Peak
. 1
Absorption (cm-') Group Appearance
3300.84 OH Stretching Medium
(alcohol)
CH Stretching
2915.50 (alkane) Strong
1476.80 Nl Bending Medium
(amine)
Cc=C :
1617.30 Stretching Medium

Table 4. Absorption peak and functional group of Foeniculum
Vulgare leaves sample at (solid state).

Absorption Functional Peak
(cm-!) Group Appearance
3316.151 O-H Stretching Medium
(Alcoh
2832.61 C-H Stretching Strong
(Alkene
2984.56 C-H Stretching Weak
Alkane)
1354.64 SO Stretching Medium
1648.75 C=C Stretching Strong
1029.98 C-0 Strong
Stretching(ester)

GC-MS chromatogram is still the best instrument for the
separation of organic chemical compounds while at the
same time the identifying of such compounds through the
use of mass spectroscopy. GC-MS analytical technique is
usually seen as a common confirmation test. It is best
used to make an effective chemical analysis. The analysis
provides a representative spectral output of all the
compounds that get separated from the sample. The
initial involves injecting the sample to the injected port
of the Gas chromatography (GC) device. Then the GC
instrument separate and vaporizes the sample and
analyses the various components. Each component was
ideally producing a specific spectral peak that may be
recorded on a paper chart electronically. The time
elapsed between elution and injection is called the
retention time. The peak is measured from the base to the
tip of the peak. Interpretation of Mass-Spectrum was
carried out by using the database of National institute
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Standard and Technology (NIST) having more than
62,000 patterns. Where the spectrum of the unknown
components is compared with the spectrum of known
components which was stored in the NIST library. The
name, chemical structure and molecular weight of the
components of the test materials were determined. GC-
MS analysis of ethanolic extract of Foeniculum vulgare
and Petroselinum crispum leaves

In accordance with the present study, compounds of
ethanol extracts of Foeniculum vulgare and Petroselinum
crispum leaves have been identified with compounds
name, retention time, peak area and its bio-active
activities through GCMS evaluation. In the current
research, some phytocompounds were identified from
ethanol extracts by GCMS. Foeniculum vulgare and
Petroselinum crispum leaves ethanol extract were
subjected to GC-MS in order to recognize the
phytochemical compounds. The biologically active
compounds such as 1,4 Cyclohexadiene, Metronidazole,
1H-Purine-6 amine, I-Limonene which has been reported
as hepatoprotective, antihistaminic, anti-eczemic,
antimicrobial, anti-cancer, anti-arthritic, anti-asthma and
antidiuretic activities.

Figure 3 and Figure 4 were the chromatogram of both
extracts. The phytocompounds are believed to have been
present between retention times 14.759 to 19.262 and
6.629 to 19.922 respectively. In Foeniculum vulgare
leaves ethanol extract, two biologically active
compounds have been detected and that this biologically
active compounds name, retention time, peak area and its
bio-active activities were presented in Table 5.
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Figure 3. GC-MS chromatogram of Ethanol extract of
Foeniculum Vulgare leaves
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Figure 4. GC-MS chromatogram of Ethanol extract of
Petroselinum crispum leaves
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The bioactive compounds are 1,4 Cyclohexadiene with
the retention time at 14.759 and peak area of 3.4 has anti-
cancer activity.” Metronidazole (anazole) with the
retention time at 17.943 and peak area of 4.2 has Anti-
bacterial activity.*’ 1 H-Purine-6 amine at a retention time
at 19.262 and a peak area of 0.96 displayed no biological
activity that is linked to the compound until now.

In Petroselinum crispum leaves ethanol extract, six
biologically active compounds have been detected and
that this biologically active compounds name, retention
time, peak area and its bio-active activities were
presented in Table 6. The biologically active compounds
are Cineole, with the retention time at 6.629 and peak
area of 12.8 has anti-inflammatory, antioxidants and
antimicrobial activities as well as, in the treatments of
cardiovascular and respiratory disease.’! I-Limonene

with the retention time at 10.364 and peak area of 3.21
has anti-microbial activities.”> cyclohexane with the
retention time at 12.706 and peak area of 2.4 has Anti-
microbial activities which helps in many drug
formulation procedure.*® Phenol with the retention time
at 17.277 and peak area of 14.3 has anti-inflammatory
and antimicrobial activities.** Neophytadiene with the
retention time at 19.174 and peak area of 15.2 has anti-
inflammatory and antimicrobial activities as well as, in
the treatment of skin disease and headache.®® 9,12,15
octadecatrienoic with the retention time at 19.922 and
peak area of 13.76 has hepatoprotective, antihistaminic,
anti-eczemic, antimicrobial, anti-cancer, anti-arthritic,
anti-asthma and antidiuretic activities.’® 1 methyl 3
hydroxylcarbornyl at a retention time at 7.59 and a peak
area of 8.34 displayed no biological activity that is linked
to the compound until now.

Table 5. Bioactivities of phytocomponents identified in the Ethanol extract of Foeniculum Vulgare leaves by GC-MS.

SN Retention Name of the Peak Biological Activity
Time compounds Area
1 14.759 1,4 Cyclohexadiene 34 Anti-cancer Agents
2 17.943 Metronidazole 4.2 Anti-bacterial activity
(anazole)
3 19.262 1H-Purine-6 amine 0.96 NO Biological activity

Table 6. Bioactivities of phytocomponents identified in the Ethanol extract of Petroselinum crispum leaves by GC-MS.

SN Retention Time Name of the Peak Area Biological Activity
compounds
Anti-inflammatory,
1 6.629 Cineole 12.8 Antioxidants and
Antimicrobial activity
1 methyl 3 . . ..
2 7.592 hydroxylcarbornyl 8.34 NO Biological activity
3 10364 I-Limonene 321 Anti- microbial activity
4 12.706 Cyclohexane 2.4 Anti-microbial activity
5 17.277 Phenol 14.3 Antl-mﬂammgtory agents, and
antimicrobial
6 19.174 Neophytadiene 15.2 Antl-mﬂammgtory agents, and
antimicrobial
Hepatoprotective, Antihistaminic,
9.12.15 Anti-eczemic,
7 19.922 > 13.76 Antimicrobial, anti-cancer

octadecatrienoic acid

Anti-arthritic, anti-asthma and
antidiuretic.
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4. CONCLUSIONS

Various phytochemicals and pharmacological studies
have been performed on two different medicinal plants
(Foeniculum Vulgare and Petroselinum crispum leaves)
using analytical methods (GC-MS and FTIR analytical
techniques) and phytochemical screening. The GC-MS
chromatogram of the ethanol extract of the two selected
plant samples showed the presence of eight therapeutic
bioactive compounds. phytochemical screening of the
ethanolic leave extract of the sample analyzed indicates
the presence of many various secondary metabolites such
as tannins, flavonoids, saponins, terpenoids and steroids
among others. These plants are potential source of natural
antioxidants that have great therapeutic property.
However, the FTIR analysis showed the presence of
characteristics functional groups such as amine, O-H
group and Sulphur derivatives among others. Further
studies may also be conducted in other to identify more
bioactive compounds in Foeniculum Vulgare leaves.
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ABSTRACT

The role of lavender extract in the present study is to examine
the effect of inhibiting the corrosion of mild steel in the ambient
conditions with its green and eco-friendly effect. It was
determined the influence of inhibitor using electrochemical
impedance spectroscopy (EIS) in different immersion times.
From the EIS measurement results, it was observed that as the
concentration of Lavandula extract in the HCl solution
increased, the polarization resistance (Rp) values in the EIS
diagram increased. Finally, scanning electron microscope
(SEM) analysis was conducted to better clarify the surface
inhibition of the electrode containing Lavandula sp. extract at
the highest concentration, 0.500% (w/v), at the end of the 120
h immersion time. It has been observed that both the surface
analysis and EIS findings are very compatible with each other.

Keywords: Lavandula, EIS, HCI corrosion, Green inhibitor,
SEM.

Lavanta tiirii 6zutiiniin hidroklorik asit
¢oOzeltisindeki yumusak ¢elik korozyonunu
etkin 6nlemesindeki roli
0z

Bu ¢aligmadaki lavanta 6ziitiiniin rolii, yesil ve cevre dostu
etkisi ile ortam kosullarindaki yumusak celigin korozyonunu

Onleme etkisini incelemektir. Inhibitériin etkisi,
elektrokimyasal impedans spektroskopisi (EIS) kullanilarak
farkli daldirma siirelerinde belirlenmistir. Bu  6lgiim

sonuglarindan, HCI ¢o6zeltisi igerisindeki lavanta ekstraktinin
derisimi arttik¢a, EIS diyagramindaki polarizasyon direnci (Rp)
degerlerinin de arttig1 goziikmiistiir. Son olarak, en yiiksek
derisimde (% 0.500 (w/v)) lavanta 6ziitii i¢eren elektrodun, 120
saat daldirma siiresi sonundaki yiizey inhibisyonunu daha iyi
acgiklamak igin taramali elektron mikroskobu (SEM) analizi
yapilmustir. Hem yiizey analizlerinin hem de EIS bulgularinin
birbiriyle son derece uyumlu olduklar: goriilmiistiir.

Anahtar Kelimeler: Lavanta, EIS, HCI korozyonu, Yesil
inhibitor, SEM.

1. INTRODUCTION

Water Industries using metallic materials are often
subject to corrosion phenomena. It is for this reason that
corrosion can cause an unexpected failure, which
definitely causes to economic losses and can impress
product quality." Preserving metallic materials, in
particular inhibiting corrosion of mild steel, apparently
requires a constant endeavour between man and nature.”?
Metallic materials are often threatened by their nature,
which significantly reduces their lifetime. Mild steel is
generally known to be low cost and is one of the most
common metals. In addition, it has a technological and
economic disadvantage due to its prone to corrosion in
various environments such as acidic, basic, atmospheric
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and aqueous. For this reason, it is essential to use it in
scientific corrosion research.

There are many corrosion protection methods available.
Among these, the most effective and widely used one is
inhibitor application. Both inorganic and organic
compounds are used effectively as inhibitors. However,
there may be harmful effects on the environment.
Recently, the use of plant extracts for corrosion inhibition
and control purposes, especially as “green inhibitors”,
has attracted attention.*® One of the important sources of
environmentally friendly inhibitors is plants.” Extracts
from bark, seeds, leaves, fruits and plant roots have been
shown to contain mixtures of organic compounds
containing N, S and O atoms in its chemical formula,
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which are effectual inhibition on metal corrosion in
aggressive solutions.*!! Plant extracts are extremely
abundant resources of chemical compounds such as
organic acids, amino, terpenoids, alkaloids, tannins and
phenolic compounds that are naturally found and
synthesized in the body, and many of them are known to
have inhibitor effects.'”' Lavandula extract/oil is
extensively used in the fragrance and the pharmaceutical
industry and, more recently, in food production as a
natural sweetener for ice cream, candies and beverages.
Literature researches reveal that no study has been
conducted on the inhibition performance of Lavandula
extract on the corrosion of mild steel involved in this
study.

Apart from some extracts, the extracts from the leaves
were generally those that indicated understandably better
preservation at comparatively low concentrations. The
reason for this has been pointed out that leaves are the
main resource of phytochemicals.'®!” Extracts can be
classified in two ways: aqueous medium or organic
solvent. Extracts from both media are selected according
to the areas to be applied. For example, in corrosion
studies, it is preferred to use extracts obtained from an
aqueous medium, since the conditions are generally
carried out in an aqueous electrolyte solution. In general,
aqueous solution extracts include polar phytochemicals,
while organic solution extracts include non-polar
phytochemicals.'®!”  Phytochemicals carrying polar
groups such as amine (-NH), hydroxyl (-OH), ester (-
COOR), carboxylic acid (-COOH), acetyl chloride (-
COCl) and amide (-CONH;) are the main elements that
provide adsorption to the metal surface as corrosion
inhibitors. There are some basic groups in
phytochemicals that provide corrosion inhibition. The
most important of these are: Glycosides, alkaloids,
flavonoids, steroids, tannins, phytosterols, flobatannins,
anthraquinones, amino acids, triterpenes and phenolic
compounds.?’?! Due to their biological origin, plant
extracts are environmentally friendly and often exhibit
high preservation efficiency even at much lower
concentrations.

Plants are unparalleled beings that transform the solar
energy into a resource of living via photosynthesis. The
lavender plant has a wide range of uses. The fresh
flowered branch tips of lavender are generally used in the
perfume industry, while the dried flower and leaf parts
are used in the cosmetics industry. It is a shrub-looking
perennial plant. Lavender can be sized between 20 and
60 cm. In this study, the extract of “Lavandula sp.” from
Lamiaceae family was used and its inhibitor influence
was examined. It is also especially significant study in
terms of inhibiting the corrosion of the mild steel
electrode in HCI solution. It was intended to examine the
influence of the Lavandula extract as an inhibitor on the
mild steel corrosion in hydrochloric acid solution by EIS
experiments in different immersion periods with various

126

concentrations. As result, it has been argued that the non-
toxic and eco-friendly Lavandula extract is a highly
effective inhibitor for industrial applications.

2. MATERIALS AND METHODS
2.1. Plant material

Lavenders used in the study were was collected from
Nigde-Bor, Bereket village, 37°43'50" N, 34°32'35"E, in
July 2020.

2.2. The solutions of Lavandula extract

Chemicals used in electrochemical tests are of analytical
grade. Lavandula samples were firstly dried in an oven
for almost 1 hour at 80 °C for preparing the stock solution
of this plant’s flowers extract. The flowers of the plant
dried were separated from their stems. Dried 10 g of the
violet flowers samples were weighed (Figure 1) and was
added in 250 mL distilled water and refluxed for 18 h.

Figure 1. Dried violet Lavandula specimens.

The refluxed solution was filtered. Photographs of the
filtration and clear extract obtaining steps are presented
in Figure 2.

SGRIBTAS
thrate sedimia S

Figure 2. Extract acquisition stages.

Final filtrate
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The concentration of the stock Lavandula solution
studied was 1.376% (w/v). All solution concentrations
were diluted from the stock Lavandula solution.
Electrochemical experiments were performed in 1.0 M
HCI solution for aggressive media.

2.3. Electrodes and EIS measurements
The electrochemical tests were obtained on the surface of
mild steel electrodes. The chemical composition (wt.%)

of working electrodes is given in Table 1.

Table 1. The chemical composition of the working electrodes
samples.

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

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

The electrodes were placed in a mould including
polyester mixture and a surface area of 0.5024 cm? of the
electrodes was subjected to hydrochloric acid solution.
The surfaces of the test electrodes were abraded with 150,
600 and 1000 grids of sandpaper and polished and
cleaned with alumina solution and acetone, respectively
before each electrochemical experiment. The
conventional three electrode methods were applied for
EIS experiments. The first electrode is the working
electrode and mild steel is used. The second is the counter
electrode and a Pt plate with a surface area of 1.0 cm? is
used. The third and last electrode is the reference
electrode and Ag/AgCl has been used for this. All
potentials in the study were measured against this
Ag/AgCl electrode.

EIS experiments were studied utilizing CHI 660B
electrochemical analyser with a computer-controlled

(Fig. 3).

»
Mild Steel
Eleetrode
0

= CHI 6608
Islectrocxhemical Al

Electrolyte
———Bdlution

Figure 3. Photo of the experimental setup of a corrosion
measurement with electrochemical analyser device in a

laboratory area.
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EIS measurements were performed in 1.0 M hydrochloric
acid solution in with and without different Lavandula
extract concentrations. The mild steel specimens were
immersed in electrolyte solution for 1 h to equilibrate the
corrosion potential (Ec.--) at the corrosion process prior
to each EIS experiments. It was obtained on the corrosion
potential at a frequency range of 10° to 5x10-* Hz with 5
mV amplitude carried out by EIS. One, 24 and 120 h
experiments were performed to investigate immersion
time EIS periods and it was compared that the inhibition
efficiency values obtained by EIS at different exposure
times. SEM (Zeiss SEM 500 with computer controlled)
images were performed 120 h of immersion time in
hydrochloric acid solution with and without Lavandula
sp. extract at the highest concentration (0.500%). All
experiments were realized at ambient temperature (298
K).

3. RESULTS and DISCUSSION
3.1. Evaluation of EIS findings

Impedance spectroscopy is one of the fastest and easiest
methods that are often preferred in researching the
protective properties of all these molecules on metals in
aggressive solutions, whether the inhibitor used is
organic molecules or inhibitors of plant origin.?*** For
this reason, electrochemical behaviour of mild steel was
evaluated by measuring with EIS at the end of one, 24
and 120 h immersion times in 1.0 M HCI solutions
containing four different concentrations of Lavandula
(0.100%, 0.050%, 0.300% and 0.500% (w/v)) and not
containing inhibitor. The equivalent circuits of the
corrosion process were constituted from these results by
utilizing Zview2 software. The EIS parameters

concerned to the corrosion process are also given in Table
2.

Table 2. The related data acquired from fitting EIS
measurements for mild steel in acidic solution with Lavandula
extract at various exposure time.

Time CPE
R R, R L g
C Qem?)  (Qem?)  (uF em?) n Qem’)  (H) (%)
(W/v %)
1h
Blank 1.2 72 110 0.94 8 4 -
0.050 1.2 320 106 0.89 - - 775
0.100 1.3 540 83 0.86 - - 86.7
0.300 1.2 750 78 0.84 - - 904
0.500 1.3 805 73 0.83 - - 911
24 h
Blank 1.2 11 2600 0.95 1.3 1.1 -
0.050 1.5 170 310 0.85 - - 935
0.100 1.3 470 110 0.84 - - 978
0.300 1.3 600 90 0.84 - - 982
0.500 1.1 674 80 0.83 - - 984
120 h
Blank 14 4 36520 0.89 0.4 03 -
0.050 1.6 50 1647  0.83 - - 920
0.100 1.1 186 360 0.60 - - 979
0.300 1.1 251 290 0.48 - - 984
0.500 1.1 486 274 0.35 - - 992
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Proposed equivalent electrical circuits for mild steel
electrodes were inserted in Figure 4 and the Nyquist
diagrams in HCI solution of the extract have been showed
for different exposure time in Figure 4.
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Figure 4. Fitted impedance curves for mild steel specimens in
hydrochloric acid with and without various Lavandula extract
concentrations for 1, 24 and 120h.
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In the EIS diagram obtained for 1 h immersion period in
Figure 4, it is viewed that the equivalent circuit model
proposed for the inhibited solution is distinct from the
one proposed for the uninhibited solution. One of the
most obvious differences between the two is the
adsorption film layer that comes into play in the inhibited
solution. As can be clearly seen from Figure 4, the radii
of the semicircles composed in the high frequency area
in all inhibited solutions were greater than those in
uninhibited ones, and the radii enhanced as the
concentration of inhibitor enhanced.”>?*

The “n” values shown in Table 2 are the surface
roughness coefficient of the metal. As Lavandula extract
solutions were added to the blank solution, the “n” values
decreased, in other words, the surface roughness
gradually diminished. “R,” is the polarization resistance,
that is, the molecules of Lavandula extract are polarized
by adsorption to the metallic surface in a corrosion
process. While the R, value in the blank solution was 72
Q cm?, as Lavandula was added to the medium at the last
of each immersion period, the R, values increased. In
addition, as the exposure period to the acidic solution
increased, the R, values at each concentration gradually
decreased as the corrosion process continued. Percent
inhibition efficiency values (#%) calculated from R,
values at the end of one-hour immersion time increased
as Lavandula extract was added to the acidic solution,
and this value provided a high inhibition rate of 91.1% at
the highest Lavandula concentration (0.500%).

Another impedance parameter in Table 2 is the “CPE”
value. CPE is the “constant phase element” in the
electrical equivalent circuit and is conversely
proportional to the R, value.”” As the extract
concentration increases in the solution medium, the CPE
value decreases accordingly. In the EIS diagrams
obtained in solutions containing Lavandula during each
immersion period, it is viewed that the diameter of the
capacitive loop increases significantly with the increase
of the concentration. As can be seen in the Nyquist curve
of the 120 h immersion time, where the exposure time to
the acidic solution was the highest, the capacitive curves
were gradually distorted. As a result of all these
parameters and high inhibition values, it can be
commented that as the concentration increases, the
protective inhibitor film formed on the surface grows and
the metal surface is well closed.

From all EIS diagrams, as the electrodes are exposed to
acidic solutions, deviations from the semicircles, in other
words frequency scattering, are clearly observed in the
EIS plots. These scattering is actually caused by the
increase of roughness on the metal surface due to
prolonged exposure to the acidic solution. Among the
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causes of high inhibition, which is also common in green
type inhibitors, but involves almost all inhibitors, is the
processes that occur in the high and low frequency
regions of the Nyquist curves. Diffuse layer resistance
(Rq) and charge transfer resistance (R.) play a role in the
inhibition in the high frequency part, on the other hand,
in the low frequency area, the film resistance (R)) in
control of the film layer composed on the surface and all
accumulated resistances (R,) that are present with
corrosion products on the metal surface generally play a
dominant role in a corrosion process.*’

It can be said that percentages of inhibition in Table 2 are
around 90% and above, except for a few values. In
addition, the highest inhibition (99.2%) was obtained at
the end of 120 h with the solution containing the highest
amount of Lavandula extract. As can be seen from the
results, it is possible to say that Lavandula molecules
adsorb very well on the mild steel surface and cover the
surface almost completely. Plant extracts called green
usually involve complex secondary metabolites
(phytochemicals) that can polarize certain functional
groups and double bonds in their structures.*’~*” These
functional groups and double bonds are regions rich in
electron. For this reason, these parts, which are rich
electron sources, facilitate the adsorption of
phytochemical-containing plant extracts to the metal
surface. Phytochemicals are natural and at the same time
therapeutic compounds synthesized in plants as
secondary metabolites. Its high inhibition effect on
corrosion is caused by secondary metabolites
(phytochemicals) well-known to include molecules such
as nitrogenous compounds, phenolic compounds,
flavonoids, terpenes and alkaloids. All of these
compounds are also quite a source of m-electrons.

3.2. Evaluation of SEM images of mild steel
electrodes

Present study investigating the effect of Lavandula
extract on the surface of mild steel was carried out by
examining the surface micrographs obtained by SEM
technique. In the first stage, the mild steel electrodes were
removed from the immersed solutions for 120 h, cleaned
and dried. Afterwards, the SEM images obtained by
cutting of 0.5 cm from the electrode surface with a
hacksaw without waiting are given in Figure 5.

As can be easily seen from these surface micrographs,
large black cavities in the form of recessions and pits are
clearly monitored on the electrode surface kept in the
blank solution. It can be said that the image of immersed
in the blank solution is clearly oxidized and the surface is
deteriorated. It is observed that the metal surface has a
much smoother appearance, and the black cavities (pits)
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are almost absent with the Lavandula extract added to the
acidic solution. In other words, it can be clearly
emphasized that the electrode surfaces are the roughest in
the blank solution, the black spots are quite large and
numerous, and they have the smoothest appearance at the
highest concentration.”> These results highly confirm
each other with the long-term impedance results obtained
with EIS.

2 < i

Iank + .00% Lavandula

-

Figure 5. SEM images of electrodes immersed in hydrochloric
acid solution for 120 h.

These results indicate high inhibition as a result of the
Lavandula extract covering the surface of mild steel very
well, and at the same time, the smoother the surface with
the addition of the extract can be shown as another proof
that it provides a very good inhibition.

4. CONCLUSIONS

In this current study conducted to define the
electrochemical behavior of mild steel, experiments were
made with EIS at last of one, 24 and 120 h of immersion
in uninhibited and inhibited solutions and the results are
summarized below:

e Lavandula extract, which is green and
environmentally friendly, is intended to be used
as an inhibitor for application at different
immersion times against the mild steel corrosion
in aggressive HCl solution and as a result, it has
shown a very high inhibition performance.
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The impedance diagrams obtained at three
different immersion times in both blank and
inhibited solutions are in the form of a half
ellipse. The radii of the semicircles in all
inhibitor solutions are greater than those in the
blank solution, and the radii enhanced as the
inhibitor concentration raised.

As the exposure time enhanced in inhibited
solutions, the diameter of the capacitive loop
decreased. In both non-inhibitor and inhibitor
solutions, CPE values raised with enhancing
immersion time and decreased with raising the
concentration of Lavandula extract.

Due to the increment in the inhibitor
concentration, as the immersion time increased,
the values of “the surface roughness coefficient:
n” decreased, which can be interpreted as
evidence of the adsorption of Lavandula extract

molecules on the metallic surface.

After one, 24 and 120 h exposure times of the
mild steel electrodes to the acidic solution, the
inhibition performance for Lavandula extract
was approximately between 78% and 99%. This
ratio is quite high and this has been suggested as
evidence that the number of molecules in the
Lavandula extract adsorbed on the mild steel
surface increases due to the increment in
Lavandula extract concentration.

In the last stage of the study, the effect of
Lavandula extract on the mild steel/solution
interface was investigated using the SEM
technique. On the electrode surface, which was
kept in the acidic blank solution for 120 h, quite
large and deep cavities (pits) were observed. On
the contrary, when there is Lavandula extract in
the acidic solution, it is very clear that these
formed pits disappear or even become smaller.
In other words, it was determined that the
electrode surface in the blank solution was the
roughest and the metal surface in the solution
containing the Lavandula extract was the
smoothest.

SEM and EIS findings were also very
compatible with each other.

In the light of the results of this study, a plant
extract called green inhibitor is a very useful and
suitable inhibitor for the mild steel electrode in
1.0 M hydrochloric acid, moreover, it was
concluded that such inhibitors should be
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encouraged to increase their use because they
are environmentally friendly and do not show
toxic effects.
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ABSTRACT

Synthesis of an alkylaminophenol compound used as a drug
active material was carried out and the structural analysis of the
compound was investigated experimentally and theoretically.
For theoretical calculations, DFT / B3LYP method and 6-311
++ G (d, p) set were used. Many properties of the compound;
Spectral data, bond length, bond angle, dihedral angles,
thermodynamic parameters, molecular surface, FMO analysis,
nonlinear optical (NLO) properties and Natural Bond Orbital
analysis were theoretically investigated. Also, a molecular
docking study shows that the title compound might exhibit
inhibitory activity against 2RAW protein.

Keywords: Alkylaminophenol, DFT, molecular docking,
NBO, NLO

2- ((2,3-Dihidrobenzo [b] [1,4] dioksin-6-il)
(1H-indol-1-il) metil) fenol bilesiginin Sentez,
spektral karakterizasyon, DFT ve molekiiler
docking ¢alismalari

0z

Ilag etken maddesi olarak kullanilan bir alkilaminofenol
bilesiginin sentezi gergeklestirilmis ve bilesigin yapisal analizi
deneysel ve teorik olarak incelenmistir. Teorik hesaplamalar
icin DFT / B3LYP yontemi ve 6-311 ++ G (d, p) seti
kullanilmistir. Bilesigin birgok 6zelligi; Spektral veriler, bag
uzunlugu, bag agis;, dihedral acgilar, termodinamik
parametreler, molekiiler yiizey, FMO analizi, dogrusal olmayan
optik (NLO) 6zellikler ve Natural Bond Orbital analizi teorik
olarak incelenmistir. Ayrica, molekiiler doking g¢aligmalari,
basglik bilesiginin 2RAW proteinine karsi inhibitér aktivite
sergiledigini gostermektedir.

Anahtar Kelimeler:
docking, NBO, NLO

Alkilaminofenol, DFT, molekiilar

1. INTRODUCTION

Alkylaminophenols are  heterocyclic  compounds
containing hydroxyl and nitrogen in their structure.* It
is found in the structures of drugs frequently used in
cancer treatments. The compounds having antioxidant
activity enables them to be used in chemotherapy.>®

Although there are compounds synthesized in this field
in recent years, the diversity of cancer types also
accelerates the synthesis of new bioactive compounds. In
addition, the fact that the radicals formed as a result of
cancer cells become neutral and have antioxidant
properties increase the importance of this compound
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class. Although there are many methods in the literature
for the synthesis of alkylaminophenols, the method using
the petasis reaction was preferred in this study.”** The
reaction takes place by the amine and carbonyl
compounds forming iminium ion and removing boric
acid from the boronate complex formed by the added
boronic acid. Studies on theoretical investigations of
these compounds with quantum chemical calculations in
the literature are quite limited.*

In order to ensure the diversity of alkylaminophenol type
compounds, a new compound was synthesized in the
study and then many properties of this compound were
examined theoretically. Gaussian 09W software was
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used for theoretical calculations and DFT/B3LYP/6-
311++G(d,p) set was preferred for calculations.™** Also,
its biological significance was investigated by examining
its effects on 2RAW protein with molecular docking
studies.

2. MATERIALS AND METHODS

2.1 Experimental and Calculation methods

reflux, dioxane
d RO GE “j
OH

Figure 1. Synthesis of Alkylaminophenol Compound.

Synthesis was carried out according to the procedure in
the literatiire (Figurel).®

The chemicals used for synthesis were used directly
without any extra purification. Structure analysis of the
synthesized compound has been made by Bruker FT-IR
spectrometer and Agilent 600 MHz NMR spectrometers.
2 - ((2,3-Dihydrobenzo [b] [1,4] dioxin-6-yl) (1H-indol-
1-yl) methyl) phenol: Verim 0.313 (87%), red brown
solid, MP 75-76 °C. "TH NMR (600 MHz, CDCls): 8(ppm)
=2.07(s, 1H, indole), 3.72 (s, 1H, indole),4.15-4.20
(m,4H,dioxin), 5.58 (s, 1H, CH); 5.79 (s, 1H, Ar-OH),
6.63-6.68 (m,3H, Ar-H), 6.76-6.88 (m, 3H, Ar-H), 7.14-
7.21 (m, 2H, Ar-H), 7.30 (s, 1H, Ar-H), 8.03 (s, 1H, Ar-
H), 8.08 (s, 1H, Ar-H). 1*C (CDCI3, 150 MHz): § = 21.1
(indole); 42.3 (indole); 60.6 (dioxin); 67.6 (chiral
carbon), 102.4 (Ar-); 111.1(Ar-), 116.1 (Ar-); 116.9 (Ar-
); 117.1 (Ar-); 117.2 (Ar-); 119.5 (Ar-); 119.9 (Ar-); 120.6
(Ar-); 122.3 (Ar-); 123.7 (Ar-); 124.0 (Ar-); 126.8 (Ar-);
130.0 (Ar-); 136.6 (Ar-); 142.1 (Ar-); 143.3 (Ar-); 153.5
(Ar-); 153.8 (C-OH). FT-IR v (cm™): 3409, 2978, 2815,
1705,1589, 1501, 1453, 1281, 1254, 1190, 956, 825.

After the experimental characterization of structural,
some properties of the compound was calculated with
theoretical methods. Calculations include the B3LYP
theory and 6-311 ++ G (d,p) set which is composed of
Becke's three-parameter energy-functional hybrid
approac and Lee-Yang and Parr's correlation function'®
in the Gaussian 09W program. Gauss-View 5.0 program
was used for molecular modelling.*’

3. RESULTS AND DISCUSSION

3.1 Molecular Geometry

The optimization process of the title compound
synthesized using the Petasis reaction was carried out
using the B3LYP / 6-311 ++ G (d, p) base set. The
optimized form of the compound is given in Figure 2.

The bond length, bond angles and dihedral angles of the
compound are comparatively given in Table 1.
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(b)

Figure 2. Molecular structure(a) and Optimized form(b) of 2 -
((2,3-Dihydrobenzo [b] [1,4] dioxin-6-yl) (1H-indol-1-yl)
methyl) phenol compound.

Table 1. Some selected geometric parameters of
Alkylaminophenol.

Bond B3LYP Bond Angles(®) B3LYP
Lenght(A®)

C1-C2 1.3947 C4-C3-Cl11 123.1
C2-C3 1.4038 C11-C3-C2 119.0
C3-C4 1.3956 C2-022-H23 109.8
C4-C5 1.3942 C2-C1-H7 119.7
C5-C6 1.3919 C1-C6-C5 119.9
C4-H8 1.0827 H12-C11-C13 105.6
C1-H7 1.0864 C13-C15-H19 119.9
C2-022 1.3726 C13-C14-H17 121.4
022-H23 0.9627 C13-C14-C16 120.8
C3-Cl1 1.5263 C16-C20-C138 119.3
Cl11-H12 1.0933 C20-C18-H21 118.4
C11-CI13 1.5324 C20-C16-024 121.8
N32-C33 1.3863 C16-024-C26 113.8
N32-C34 1.3905 025-C29-C26 110.2
C34-C37 1.4246 024-C26-H27 109.5
C33-C35 1.3661 H28-C26-C29 111.3
C11-N32 1.4707 C11-N32-C34 129.7
C37-C39 1.4042 C11-N32-C33 122.2
C34-C45 1.4001 N32-C33-H36 119.6
C45-C43 1.3884 N32-C34-C45 131.3
C39-C41 1.3857 (C34-C45-H46 121.6
C33-H36 1.0794 C45-C43-H44 119.1
C45-H46 1.0813 C43-C41-C39 120.7
C13-C14 1.3911 C41-C39-C37 119.2
C13-C15 1.4011 C37-C34-C45 121.3
C15-H19 1.0841 C37-C35-C33 106.8
C14-H17 1.0829 Dihedral Angles

C20-C16 1.3995 N32-C11-C3-C4 30.6
C16-024 1.3753 N32-C11-C3-C2 -148.4
C20-025 1.3739 C11-C3-C2-022 -0.1
024-C26 1.4294 H23-022-C2-C1 0.3
025-C29 1.4294 N32-C11-C13-C14 79.6
C26-C29 1.5174 N32-C11-C13-C15 55.1
C29-H30 1.0907 C16-024-C26-C29 45.6
C25-H27 1.0966 H30-C29-025-C20 165.7
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The O-H bond length was experimentally and
theoretically found to be 0.96 A. While N32-C11 bond
length was experimentally 1.47, it was calculated as 1.47
A with the B3LYP method. In addition, the C = C bond
length of 1.37 A was calculated as 1.40 A (B3LYP) for
C13 = C15 atoms. Besides, the C-O-H bond angle,
known to have an angle of 109.5 °, was calculated as
109.8 ° by the B3LYP method for C2-022-H23. As a
result; It can be said that there is a good agreement
between the experimental bond length and bond angle
values and the calculated values (Table 2).

3.2 NMR Studies

First of all, *H-NMR and *C-NMR values of the title
compound were calculated with B3LYP / 6-311G
++(d,p). Then chemical shift values in CHCI3 solvent
medium and calculated by GIAO-NMR approach and
IEFPCM method were compared with experimental
values.

Table 2. Experimental and calculated *H and *C NMR
chemical shifts (ppm).
Atoms Experimental B3LYP
(CHCl3)
H23 5.79 4.39
HI12 5.58 7.16
H27-H28
H30-H31 4.15-4.20 4.19
H36 3.72 7.5
C35 21.1 105.5
C33 423 136.5
C26-C29 60.6 67
C13 136.6 140.2
C3 117.2 133.5
Cl11 67.6 65.0
C2 153.8 159.5

H12 and H23 peaks, which are one of the characteristic
peaks of the compound, were experimentally observed at
5.58 ppm and 5.79, respectively, while calculations with
the B3LYP method were found to be 7.16 ppm and 4.39
ppm. While our chiral carbon C11 was experimentally
seen at 67.4, it was found to be 65.0 in our theoretical
calculations.

In addition, the C2 carbon to which the hydroxyl group
is attached has experimentally been found to have a value
of 153.8 ppm, while theoretically, it has a value of 159.5
ppm. Although there are some deviations due to the
presence of the OH group in the structure and
intramolecular hydrogen bonds, it can be said that our
theoretical data are compatible with the experimental
data.
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3.3 Mulliken Charge

The most common of the population analysis methods is
the mulliken charge distribution. It is often used to make
some qualitative estimates of the structure. Analysis; it
was carried out with the B3LYP / 6-311G ++ (d, p)
method and the results are given in Table 3. Mulliken
charges are between-0.710 and 0.710. When we look at
the atomic charges of alkylaminophenol, it is seen that
the negative charge is around C39, C34, C11, C14, C5,
C41 and C6 atoms, and the positive charge is around the
N32, C3, C37, C13, H17, H23 atoms.

Tablo 3. Mulliken charges of the studied molecule.

Atoms Mulliken Atoms Mulliken
(B3LYP) (B3LYP)
Cl1 -0.517 C15 -0.138
C3 0.473 025 -0.135
C2 -0.144 024 -0.1
022 -0.194 N32 0.710
H23 0.266 C33 0.051
Cl -0.228 H17 0.269
(O8] -0.422 C34 -0.528
C6 -0.320 C37 0.469
C13 0.351 C39 -0.592
Cl4 -0.424 C41 -0.364

3.4 Frontier Molecular Orbitals (FMO)

FMO tells us about the reactivity of the compound. In
order to determine the relevance of the compound to
chemical reactions, we need to determine the energy
values of the HOMO and LUMO orbitals. The structures
showing the energy difference between HOMO and
LUMO for our compound are given in Figure 3. HOMO
and LUMO energies were calculated as -5.5287 and -
0.7252, respectively. In this case, the AE energy
difference is also calculated as 4.8035 eV.
Physicochemical parameters of the compound by using
HOMO and LUMO energy values are given in Table 4.

Table 4. HOMO, LUMO, AE, electronegativity (x) chemical
hardness (n), softness (S) and electrophilic index (y) values of
2 - ((2,3-Dihydrobenzo [b] [1,4] dioxin-6-yl) (1H-indol-1-yl)
methyl) phenol compound.

Physicochemical B3LYP/6-311++G(d,p)
parameters

E(HOMO, eV) -5.5287
E(LUMO, eV) -0.7252
AE(eV) 4.8035

x 3.1270

n 2.4018

S 1.2009

® 4.0711
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Figure 3. Frontier molecular orbitals, HOMO-LUMO energies.

3.5 Molecular Electrostatic Potential (MEP)

When looking at the three-dimensional molecular
electrostatic potential surface of the compound (Figure
4), the energy scale is +6.476 e-2 a.u. and between -6.476
e-2 a.u. These values are; gives information about the
chemical behaviour of the molecule. Looking at the
structure, it is seen that the negative charge is

concentrated around the hydroxyl group and the positive
part is concentrated on the nitrogen and phenyl protons.
Determination of MEP surfaces; It is important in terms
of providing information about intermolecular
interactions and biological properties.

Figure 4. Molecular electrostatic potential surface and total
electron density of 2 - ((2,3-Dihydrobenzo [b] [1,4] dioxin-6-
yl) (1H-indol-1-yl) methyl) phenol.

3.6 Natural Bond Orbital (NBO) Analysis

NBO analysis is used to determine the electron density in
all orbitals of the molecule.'®'° A quadratic Fock matrix
is used to evaluate the resulting donor-acceptor
interactions. When each donor is defined as (i) and the
recipient (j), delocalization is associated with i—j, and
the stability energy (E2) is expressed by the equation we
define below.?

E(2)=AEi;= qi[F,°)/[Ei-E]]

Table 5. NBO analysis using a quadratic Fock matrix for selected chemical bonds.

NBO(i) NBO(j) E(2) EG)-E(i) | F(@.j) NBO(i) NBO(j) E(2) EG)-E() | F(j)
Donor Acceptor Kcal/mol a.u a.u. Donor Acceptor Kcal/mol a.u a.u.
o(C2-022) c*(C1-C2 | 0.81 147 0.031 n(C1-C2) n#(C1-C2) | 0.53 0.28 0.011
o*(C1- 1.18 1.48 0.037 n*(C3-C4) | 27.61 0.20 0.067
C6)
o*(C2- 0.80 1.48 0.031 c*(C5-C6) | 21.81 0.29 0.072
C3)
o*(C4- 5.10 0.29 0.035 n(C33-C35) | o*(C11- 2.65 0.33 0.027
c8) H12)
c*(C16- 15.59 0.06 0.032 c*(C34- 1.57 0.49 0.026
C20) C45)
c*(C29- 1.43 0.98 0.034 c*(C33- 0.51 2.30 0.012
H31) C37)
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Table 5. Continued

o(C3-C11) | o*(N32- | 1.09 1.08 0.031 o(C33-C35) | o*(C4-C8) | 212.67 0.07 0.109
C33)
o*(C4- 5900.53 0.01 0.226 o*(C11- 16.76 0.43 0.076
H8) N32)
o*(C26- | 25.83 0.65 0.116 o*(C29- 9.99 0.75 0.077
H27) H31)
o*(C29- | 5155 0.69 0.169 o*(C26- 5.03 0.71 0.033
H31) H27)
o*(C34- | 3.15 0.82 0.048 o*(C39- 8.18 0.06 0.021
C5) C41)
o*(C34- | 745 0.87 0.072 o*(C45- 14.90 0.24 0.031
C45) H46)
o*(C43- | 11.04 0.22 0.048 LP(1) 022 | o*(C1-C2) | 6.09 1.16 0.075
C45)
o*(C45- | 5.90 0.18 0.03 T*(C43- 6.45 0.20 0.035
H46) C45)

o(C11-C13) | o*(C45- | 9.62 0.66 0.071 o*(C45- 6.90 0.17 0.030
H46) H46)
o*(C45- | 3.14 1.05 0.051 LP(2) 022 | n*(C1-C2) | 26.28 0.35 0.093
H46)
o*(C45- | 2.05 0.84 0.037 n*(C3-C4) | 0.50 0.27 0.011
H46)
o*(C45- | 51.05 0.19 0.095 o*(C11- 3.68 0.07 0.014
H46) N32)
o*(C45- | 100.07 0.15 0.111 LP(1) 024 | o*(C16- 450 1.09 0.063
H46) C20)

o(C11-N32) | o*(C4- 5.88 0.90 0.025 o*(C29- 10.25 0.62 0.072
C5) H31)
o*(C4- 646.14 0.11 0.237 T*(C43- 1.69 0.15 0.015
H8) C45)
o*(C11l- | 6.48 0.81 0.065 LP(2) 024 | o*(C45- 10683.23 | 0.04 0.569
H12) H46)
o*(C26- | 23.54 0.75 0.119 T*(C43- 5180.26 0.07 0.572
H27) C45)

137



Int. J. Chem. Technol. 2021, 5 (2), 133-140

DOI: http://dx.doi.org/10.32571/ijct.943786

Ulas

E-1SSN: 2602-277X

Table 5. Continued

o*(C29- | 3451 0.79 0.148 o*(C35- 68.94 253 0.384
H31) C37)
o*(C43- | 871 0.32 0.05 o*(C34- 119.08 0.73 0.270
C45) C45)

LP(1) 025 | o*(C43- | 19797.48 | 2.17 5.885 LP(2) 025 | o*(N32- 14853.90 | 2.28 5.201
C45) C34)
T*(C43- 1916.29 6.09 3.300 o*(024- 1437.84 4.73 2227
C45) C26)
o*(C43- | 2203.48 6.05 3.276 o*(C13- 2840.76 5.12 3.418
H46) C14)
o*(C34- | 4911031 | 0.93 6.049 T*(C13- 32.19 6.54 0.448
C37) C14)

When NBO analysis results are examined, it is seen that
the atoms with the highest E (2) value are 022, 024, 025
atoms. It has been demonstrated by the data that these
atoms (Table 5) are in strong interaction with phenyl
rings. It can also be said that the chiral C11 atom is in
strong interaction with the indole ring and phenyl rings
to which it is attached with the N32 atom.

3.7 Nonlinear Optical Properties (NLO)

The NLO properties of the compound are due to its
electrons. The presence of conjugation or donor groups
in the structure changes many properties of the
compound. Theoretical calculations made for this
purpose give information about the electronic properties

Table 6. NLO Analysis Results.

of the compound. Calculations were made by selecting
the p-nitroaniline compound used as a reference in the
study. Isotropic linear polarization (a), anisotropic linear
polarization Aa, first-order hyperpolarization {(£) and
total dipole moment (u) values were calculated using the
B3LYP method using the equations below.?*

= (e ™+ pe?)'? @)
<> = 1/3(0xx+ Oy + 0zz) )
At = [1/2((0txx—0lyy )+ Clyy—0izz ) *+(0tzz—0ixx)*) ] 2 3)
<P>=[(Broxx

+ Bxyy + Braz)*+(Byyy + Bxxy + Byzz)* +(Bzzz + Pt Pyy2)? 12 (4)

Property p-NA Alkylaminophenol Property p-NA Alkylaminophenol
Lix -7.4519 3.0798 P -99.4560 178.3004
Ly -0.001 3.0908 DBy 16.7004 9.9421
7 0.6869 0.1066 Pz 12.9992 10.6264
U 7.48 Debye 4.36 Debye By -0.0012 118.0253
Oxx -58.7480 -142.3714 Poy -0.0004 -20.6859
oy -53.2767 -146.1486 P 0.0001 7.9136
oz -60.6128 -152.3852 Pz 0.4969 -5.5628
<> -8.52x102* esu -2.18x102% esu P 12.9100 23.8653
Aa 9.79x10% esu 1.3x102% esu By 0.4172 -5.5387
<B> 8.99x10% esu 1.95x10%0 esu

Looking at the NLO data (Table6); it is seen that the
dipole moment value of our alkylaminophenol compound
is lower than p-NA. However, it is seen that the value of
isotropic  linear  polarization, anisotropic  linear
polarization and first-order hyperpolarization is two
times greater than p-NA. Based on these data, the
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compound of 2 - ((2,3-Dihydrobenzo [b] [1,4] dioxin-6-
yl) (1H-indol-1-yl) methyl) phenol has very high NLO
properties in optoelectronics, laser technology, optical It
appears to be a new compound that will contribute to
many areas such as data storage.
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3.8 Molecular Docking

Molecular docking studies were performed using
Autodock Vina program.?? The binding sites were
centred on the Protein (PDB ID: 2RAW). Molecular
docking techniques demonstrated that alkylaminophenol
compound is Centromere-associated protein inhibitdr.
When looking at the 2D diagram (Figure 5), it was seen
that there were alkyl-pi alkyl interactions and hydrogen
bonds between the ligand and the protein. It was
determined that there were interactions at a distance of
4.37 and 4.58 A between alkyl and pi-alkyl. Hydrogen
bond lengths were calculated to be 1.11, 1.86, 1.93 and
2.03 A, respectively. The settlement score of the
compound was determined to be-6.6 kcal/mol. This value
clearly indicates that the alkylaminophenol compound
has good biological activity (Table 7).

Table 7. Molecular Docking Results for Alkylaminophenol
compound.

Protein Binding RMSD | Interactions | Distance

1D Energy A) A)
(Kcal/mol)

111
ABN A:118 igg
2RAW -6.6 2.0 505
. 4.37
LYS A:121 458

Figure 5. Docking analysis for the title compound.
4. CONCLUSION

In this study, the new alkylaminophenol type 2 - ((2,3-
Dihydrobenzo [b] [1,4] dioxin-6-yl) (1H-indol-1-yl)
methyl) phenol compound was synthesized with high
yield for the first time. Structural analyzes of the
compound were carried out experimentally and
theoretically. Theoretical calculations were made by
considering the DFT / B3LYP method and the 6-311 ++
G (d, p) base set. Many electronic properties of the
compound (bond length, bond angle, dihedral angles) and
the distribution of these electrons in orbitals (NBO) and
chemical reactions have been calculated. Biological
efficacy was predicted by molecular docking studies. In
addition, it has been determined that NLO analysis can
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be effective in optoelectronics other than medical
applications.
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ABSTRACT

Tagetes erecta leaves were extracted with deionized water at
55°C for around 3.0 hours and filtered. After removing of water
from a quantity of solution by a rotary evaporator, the crude
extract was obtained. The other filtrate was reacted with silver
nitrate solution at 65°C for 2.5 hours to produce the silver
nanoparticles (te-AgNPs). The structure of te-AgNPs was
characterized by spectroscopic study. The characteristic
hydroxyl vibrational of te-AgNPs was observed at 3214 cm! in
the Fouirer Transform-Infrared Spectroscopy (FTIR). The
maximum absorption was observed at 422 nm by Ultraviolet-
Visible (UV-Vis) spectrophotometer. Scanning Electron
Microscope (SEM) spectrum also proved the desired product
with an average size of 46.26 nm. X-Ray Diffraction (XRD)
spectrum revealed the te-AgNPs to be face-centered cubic
crystalline structures. Antioxidant activity tests of extract and
te-AgNPs were carried out and te-AgNPs displayed the
significant antioxidant activity with the ICso values of 23.80
pg/mL, 4.46 pg/mL, and 2.79 pmol/mg sample corresponded
to the 2,2-Diphenyl-1-picrylhydrazyl (DPPH), 2,2'-Azino-
bis(3-ethylbenzothiazoline-6-sulfonic acid) (ABTS) and Ferric
ion Reducing Antioxidant Power) (FRAP) activities
respectively.

Keywords: Tagetes erecta leaves, nanoparticles, spectroscopy,
natural products, antioxidant activity.

Tagetes erecta yapraklarindan sentezlenen
nanopartikiillerin antioksidan aktivitesi

0z

Tagetes erecta yapraklari yaklagik saf su ile 55°C de 3.0 saat
1sitild1 ve daha sonra filtre edildi. Ham 6ziit elde etmek igin
siiziilmiis ¢Ozeltinin  bir miktarinin  ¢oziiclisii  doner
buharlastirict ile uzaklastirildi. Diger filtre edilmis ¢ozelti,
giimiis nitrat ¢ozeltisi ile 65°C da 2.5 saat etkilestirilerek glimiig
nanopartikiiller (te-AgNPs) elde edildi. te-AgNPs yapisi
spektroskopik  yontemlerle  aydinlatildi.  te-AgNPs’in
karakteristik hidroksil titresimi, Fouirer Transform Infrared
Spektroskopisi (FTIR) spektrumunda 3214 cm! de gozlendi.
Ultraviolet-Visible (UV-Vis) spektrofotometre ile maksimim
absorbsiyon 422 nm de gdzlendi. Taramali Elektron Mikroskop
(SEM) spektral analizi ile de istenilen iiriiniin ortalama
biiyiikliigi 46.26 nm olarak belirlendi. X-Isin1 Kirimi1 (XRD)
spektrumu, te-AgNPs’1n ylizey merkezli kiibik kristal yapisinda
oldugunu ortaya koydu. Oziit ve te-AgNPs o6rneklerinin
antioksidan aktivite testleri yapildi ve te-AgNPs 6rnegi, 23.80
pgml!, 4.46 pgml!, ve 2.79 umolmg™' 6rnek-!, ICso degerleri
ile sirasiyla Onemli derecede 2,2-Difenil-1-pikrilhidraliz
(DPPH), 2,2’-azinobis(3-etilbenzotiazolin-6-sulfonat) (ABTS)
ve Indirgeyici Antioksidan Giicii (FRAP) aktivitesi gdsterdi.

Anahtar Kelimeler: Tagetes erecta yapraklar, nanopartikiil,
spektroskopi, dogal iirlinler, antioksidan aktivite.

1. INTRODUCTION

Aromatic and medicinal plants play a significant function
in drug development as they contain bioactive
compounds called secondary metabolites.'™

Nanotechnology includes the physicochemical and
biological process to construct nanomaterials, which are
less than 100 nm and have unique properties.’
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Nanotechnology has been used extensively in various
fields such as  nanomedicines, biomaterials,
nanoelectronics, imagining, agriculture, environmental
In medicine, it has been widely employed for diagnosis,
and treatment of diseases, as well as drug delivery, and
novel drug formulations.® Therefore, the synthesis of
nanoparticles has attracted great interest and many
synthesis pathways have been developed such as
photochemical, radiation and electrochemical. Yet, the
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corresponding methods cause pollution, toxicity and
require drastic reaction conditions. So, natural products
mediated synthesis of nanoparticles has opened a new era
to this research area, since this method is eco-friendly,
economical, and provides high efficiency with scale-up.
Natural products like pure compounds, plant extracts,
algae, enzymes, vegetable wastes, seaweed, arthropods
have been used for nanoparticles production.” Natural
products mediated synthesized nanoparticles displayed
considerable biological actions such as anticancer,
antioxidant, anti-inflammatory, antibacterial, antifungal,
antiviral, acetylcholinesterase, mosquito larvicidal,
photocatalytic.® 1!

Tagetes genus belongs to Asteraceae family and includes
122 species. Tagetes erecta Linn. is an ornamental flower
that is well-known as Marigold.'”” The corresponding
plant has been employed as a traditional medicine for the
therapy of colds, rheumatism, and bronchitis. Moreover,
the juice of this plant has sudorific, vomitive, febrifuge,
vermifuge, emetic properties. Tagetes erecta consists of
lutein, xanthophyll.'* Lutein is the responsible compound
for the coloring of the 7. erecta.'* Besides, it has a
protective effect against macular degradation disease,
cardiovascular disease, cancer, oxidative effects. The
flower of 7. erecta was reported to have anti-
inflammatory, antimutagenic, antiviral, and antitumor
effects.'>¢

Reactive oxygen species are called free radicals that are
essential for many reactions in the eukaryotic cell.'” In
some conditions like smoking, drugs, alcohol, bad
lifestyle, excess free radicals are produced that harm to
the lipid, protein, and nucleic acid leading to the diseases
such as cancer, Alzheimer, and diabetes. Therefore,
many antioxidant-based drugs, as well as food
supplement containing antioxidant compounds, have
been developed to combat the corresponding challenge.'®
Antioxidants are essential not only for humans but also
to prevent food from spoiling.'” Throughout the storage
and dealing out of foods, lipids oxidation like enzymatic
and auto oxidations are the main reactions that lead to
food deterioration affecting the color, smell, taste, and
nutritional value of foods. Hence, antioxidants are used
for food to prevent radicalic reactions.”’ Synthetic
antioxidants, such as butylated hydroxyl toluene (BHT)
and butylated hydroxyl anisole (BHA) which are
commonly used for food are restricted due to their toxic
effect and possible carcinogens.”! Therefore, the interest
in natural antioxidants has been increased considerably
by consumer preference and industries.?

Since the silver atoms are encapsulated and stabilized by
bioactive compounds of the plants, the interest in
nanoparticles for biological effects has been increased
steadily. The nanoparticles using the medicinal plants
were reported to display significant antioxidant
activity.”
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Herein, silver nanoparticles (te-AgNPs) were synthesized
using 7. erecta leaves and their structure was
characterized by spectroscopic methods. Moreover, their
antioxidant activity was accomplished using the DPPH"
scavenging, ABTS™ radical cation scavenging, and
reducing power assays.

2. MATERIALS AND METHODS
2.1. General

All chemicals and solvents utilized in nanoparticles
synthesis and antioxidant activity tests were supplied
from E. Merch (Darmstadt, Germany).

2.2. Plant material

Tagetes erecta L., a well-known plant was collected from
the university campus during the maturation stage in
August 2020.

2.3. Green synthesis of silver nanoparticles

Tagetes erecta leaves (40 g) was extracted with deionized
water (500 mL) for 3 hours at 55°C. The solution was
double filtered and divided equally into two pieces for
crude extract and te-AgNPs. One solution (250 mL) was
subjected to a rotary evaporator to produce crude extract
(2.0 g). Another solution was used for the synthesis of te-
AgNPs. T. erecta (250 mL) solution was reacted with
AgNO;s dissolved in deionized water (0.071 M, 100 mL)
for 2.5 hours at 65°C. After the centrifugation at 4000
rpm for 15 min, silver nanoparticles were obtained,
washed and lyophilized (0.75 g)** (Figure 1).

i

0::_%'...‘

Plant extract — © Silver salt—— ® AgNPs —*¢

Figure 1. The green synthesis of te-AgNPs.
2.4. Characterization of silver nanoparticles

The structural elucidation of synthesized silver
nanoparticles was carried out by fully spectroscopic
analyses. Ultraviolet-visible, UV-2600
spectrophotometer was used to determine of maximum
absorption of silver nanoparticles as well as antioxidant
activity analyses. The functional groups of compounds
that capped to the silver as well as stabilized the silver
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was determined by Fouirer to transform infra-red, FTIR
4700 spectrometer. X-ray diffraction (XRD) analysis was
executed by Empyrean, Malvern Panalytical
diffractometer. The diffracted intensity was recorded in
the 26 region ranging from 20° to 90°. Scanning Electron
Microscope (SEM) analysis was carried out by Quanta
Feg450 and elemental analysis was operated by EDAX
detector and EDX.

2.5. Antioxidant activity
2.5.1. DPPH’ free radical scavenging assay

DPPH" scavenging effect was carried out by the method
described in literature.? Firstly, stock solutions (1
mg/mL) of extract and te-AgNPs were prepared. Each
stock solution (20, 40, and 80 pL) was completed to 3.0
mL with ethanol. DPPH" solution in ethanol (1.0 mL,
0.26 mM) was added to each solution. After the vortex
process, the solution was incubated for 30 minutes at
room temperature (rt), then absorbance measurement was
executed with a spectrophotometer at 517 nm. The results
were calculated as IC50.%

2.5.2. ABTS™ radical cation assay

The treatment of ABTS solution (2.0 mM) with the
sodium persulfate (2.45 mM) yielded the ABTS™" which
was kept in dark for 5 h at rt. ABTS™ solution was treated
with sodium phosphate buffer (0.1 mM, pH 7.4). The
sample (te-AgNPs and extract) was reacted with ABTS™
at various concentrations. The absorbance measurement
was performed at 734 nm. The results were given as
1C50.%

2.5.3. Ferric reduction antioxidant power (FRAP)
assay

FRAP activity test was executed by the reported work.?’
The analyte (100 pL, 40-150 pg/mL) was mixed with the
phosphate buffer (1.15 mL, 0.20 M, pH 6.7), potassium
ferric cyanide (1.0%, 1.25 mL) and the mixture was
incubated for 25 min at 55°C, later FeCl3 (0.25 mL,
0.1%), and CCIz3COOH (1. 25 mL, 10%) were added.
After the vortex process for 5 min absorbance
measurement was executed on a spectrophotometer (700
nm).

2.6. Statistical analysis

The statistical analysis of antioxidant activity was carried
out using GraphPad Prism (version 8.00) with one-way
ANOVA software. The results were expressed as mean
values + standard deviation (P < 0.05).

3. RESULTS AND DISCUSSION

3.1. Synthesis and UV-Vis spectral analysis of silver
nanoparticles
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te-AgNPs were synthesized using T. erecta leaves. Due
to the medicinal importance of Tagetes species, te-
AgNPs capped by secondary metabolites of 7. erecta
could be a valuable reagent for the food and drug
development industry. The color change from yellow to
dark brown proved the biosynthesis of te-AgNPs (Figure
2).
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Figure 2. Aqueous solution of extract (A), te-AgNPs (B) and
UV-Vis spectrum of extract (A) and te-AgNPs (B) at 422 nm.

The absorption in the visible region ranging from 350 to
550 nm revealed the formation of AgNPs.”® AgNPs
synthesized from 7. erecta have an absorption peak at
422 nm, which also verifies the structure of te-AgNPs.
Ag'! ions were reduced by the secondary metabolites of
T. erecta. After the reduction, clustering, and growth, the
nanoparticles formed (Figure 3). The oxidation and
reduction reaction of 7. erecta leaves solution with silver
nitrate solution at 60°C yielded the silver nanostructure
formation. Since T. erecta consisted of quercetin,”® a
reaction mechanism was showed with this compound.

0 /
+2Ag0 *2H.

I

H O

¢
HO. o e
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Figure 3. Plausible reaction mechanism of synthesis of te-
AgNPs.

3.2. Fouirer-transform infrared spectroscopy

FTIR spectroscopy presented the bioactive compounds in
charge of the reduction of Ag'! ions and the effective
stabilization of te-AgNPs synthesized by the
corresponding plant. FTIR spectral analyses of extract
and te-AgNPs were performed and a slight difference
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between extract and te-AgNPs spectrum confirmed the
formation of te-AgNPs (Figure 4). The vibrational signal
at 3305 cm! represented the OH of the flavonoid rings.
CH stretching vibrational signals of alkanes appeared at
2973 cm’! and 2885 cm’!. The peak at 1574 cm!
corresponded to the double bond of an alkene. The
vibrational signal at 1381 could be due to the CH bending
of alkane. The signals observed at 1085 cm!, 1047 cm’!,
and 880 cm! represented the CN stretching of amine, CN
stretching of amine, and C=C bending of alkene
respectively. The signals that appeared at 512 cm™! and
428 cm! could be due to the silver oxide which accorded
to the reported work.*’ Ag" ions might be reduced to Ag"
by the secondary metabolites of plant extract, and
consequently, the green synthesized AgNPs were capped
and stabilized by functional groups of corresponding
metabolites.*!

I I L
2000 1000 400

Wavenumber [cm-1]

20 L
4000 3000

Figure 4. FTIR spectrum of extract (A) and AgNPs (B), 1:
3305, 2: 2973, 3: 2885, 4: 1574, 5: 1381, 6: 1085, 7: 1047, 8:
880,9: 512, 10: 428

3.3. X-ray diffraction

The crystalline nature of te-AgNPs was determined by
XRD analysis. Diffraction peaks at 26 values of 38.1°,
44.3°, 64.4°, and 77.4° corresponded to the (111), (200),
(220), and (311) reflections of the face-centered cubic
crystalline (fcc) structure which was in accordance with
the standard silver card values (JCPDS No. 87-0720). A
previous study also confirmed the structure.’”> Debye-
Scherrer formula was used for calculation of average
crystalline size (1)

D=0.9A/Bcos 0 (1)

D represents the average crystalline size (°A), A
designates the x-ray wavelength (nm), B describes the
angular line with at half maximum intensity (radians) and
0 is the angle (degree). The sharp diffraction peak in the
XRD pattern displayed the crystalline properties of te-
AgNPs. The impurity diffraction peaks were caused by
the plant materials. The particle size was calculated as
46.26 nm (Figure 5).
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Figure 5. XRD pattern of te-AgNPs synthesized

3.4. Scanning Electron Microscope

The morphology of green synthesized te-AgNPs was
presented by SEM analysis (Figure 6). SEM image
revealed the dispersion of agglomerated clusters that
were distributed over the surface. The energy dispersive
analysis (EDX) verified the presence of NPs.
Furthermore, the notable strong peak of Ag in
synthesized NPs in the EDX spectrum at around 3 and
33 keV approved the structure of synthesized
nanoparticles. In addition, elemental analysis proved the
proposed structure as well (Figure 7).

Figure 6. SEM images of te-AgNPs

Ag

EDS Quantitative Results
Element Wt% At%

CK 17.91 52.20

OK 11.35 24.84

AgL 70.74 22.96

Ag

—
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Figure 7. EDX spectrum and elemental analysis of te-AgNPs.
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3.5. Antioxidant activity

Antioxidant activity of extract and silver nanoparticles
from T. erecta leaves was achieved using DPPH, ABTS*
and FRAP assays (Figure 8). In DPPH assay, AgNPs
(23.8 pg/mL, ICsp) revealed a higher effect than that of
the extract (40.0 ug/mL, ICso) significantly. Yet, their
radical scavenging effects were lower than the standards.
In concerning the ABTS assay, AgNPs revealed excellent
activity (4.5 pg/mL, ICsp), even better than the standards
BHT (7.3 pg/mL, 1Cs), and Trolox (5.7 pg/mL, 1Cso).
However, the extract exhibited moderate activity (19.3
pg/mL, ICsp). The same trend was observed in the FRAP
assay. In FRAP assay, the effect of te-AgNPs (2.8 umol
TE/mg extract). was found higher than that of the extract
(0.8 umol TE/mg extract). Hence, te-AgNPs synthesized
from T. erecta could be a promising antioxidant agent for
the food and pharmaceutical industries. AgNPs
synthesized from 7. erecta was reported to have
antibacterial  activity against  Escherichia  coli,
Staphylococcus aureus bacteria.>> Moreover, AgNPs
synthesized from 7. erecta revealed improved
photodegradation of Rhodamine B dye.** Nickel oxide
nanoparticles prepared using 7. erecta leaf extract
exhibited significant photocatalytic, antibacterial
activities as well as high sensitivity for glucose
sensors.’>*® te-AgNPs synthesized from 7. erecta
revealed the DPPH free radical scavenging effect, only
DPPH assay was used for antioxidant activity and silver
nanoparticles were synthesized at room temperature.
Moreover, T. erecta was collected from India for the
corresponding study.’” However, in our study, 7. erecta
was collected in Tokat, DPPH, ABTS and FRAP assays
were carried out for the antioxidant activity. Moreover,
silver nanoparticles were synthesized at 65 °C. Silver
nanoparticles synthesized from 7. erecta leaves were
reported to enhance the plant growth.*® Another research
presented that the AgNPs obtained from T. erecta leaves
extract displayed the wound healing activity and anti-
inflammatory activity in female Winstar albino rats.** In
addition, Silver nanoparticles synthesized from 7. erecta
were reported to display supercapacitor and
electrochemical sensing applications,*’ and amoxicillin
detection.*!

DPPH Activity ABTS Activity Reducing power
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Figure 8. Antioxidant activity of te-AgNPs and extract. The
results were reported as mean values + SDs of three
independent assays (P < 0.05). Values followed by the
different letter are significantly different.
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4. CONCLUSION

The synthesis of silver nanoparticles is one step, cheap,
eco-friendly, and scale-up. The te-AgNPs synthesized
from T. erecta leaves could be a promising material for
the antioxidant agent. 7. erecta includes significant
bioactive compounds. Thus, the silver capped and
stabilized by these compounds could be considered an
effective material for the pharmaceutical and food
industries. In other words, te-AgNPs synthesized from T.
erecta are a promising agent that may offer a significant
application in the treatment of oxidative stress-related
diseases.
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ABSTRACT

Since phthalonitrile compounds have become popular lately,
the focus has been on the idea that these compounds should be
investigated. A unique phthalonitrile compound, 4-(4-(1-(4-
hydroxyphenyl)-1-phenylethyl)phenoxy)phthalonitrile (coded
as PN) was selected and molecular modeling studies were
carried out on this compound to be brought to the literature.
First, time-dependent density functional theory (TD-DFT)
calculations (Geometry optimization, HOMO-LUMO, dipole
moment calculations, MEPS maps, Mulliken atomic charges,
and NBO analysis) were performed for PN. In addition, in this
section, absorption, distribution, metabolism, excretion, and
toxicity (ADMET) analysis for the compound belonging to the
phthalonitrile group was performed and the color regions were
presented separately. Finally, molecular docking studies were
performed for a compound separately with three different
enzymes (AChE, BChE, o-GLY), and docking scores and
receptor models were presented.

Keywords: Phthalonitrile, TD-DFT, ADMET, molecular

docking.

4-(4-(1-(4-Hidroksifenil)-1-feniletil) fenoksi)
ftalonitril’in yapisal ve spektral 6zellikleri:
TD-DFT metodu ile analiz, ADME analizi ve
doking ¢alismalari

0z

Ftalonitril bilesikleri son zamanlarda popiiler hale geldiginden,
bu bilesiklerin arastirllmas:  gerektigi fikri {izerinde
durulmustur. Essiz bir ftalonitril bilesigi olan, 4-(4-(1-(4-
hidroksifenil)-1-feniletil)fenoksi)ftalonitril (PN olarak
kodlanmustir) se¢ilmis ve literatiire kazandirilmak {izere bu
bilesik {izerinde molekiiler modelleme ¢alismalari yapilmstir.
[lk olarak, PN i¢in zamana bagli yogunluk fonksiyonel teorisi
(TD-DFT) hesaplamalar1 (Geometri optimizasyonu, HOMO-
LUMO, dipol moment hesaplamalari, MEPS haritalari,
Mulliken atom yiikleri ve NBO analizi) yapilmistir. Ayrica bu
boliimde ftalonitril grubu bilesige ait absorpsiyon, dagilim,
metabolizma, atilim ve toksisite (ADMET) analizleri yapilmis
ve renk bolgeleri ayri ayr1 sunulmustur. Son olarak, bir bilesik
icin ayr1 ayr1 ii¢ farkli enzim (AChE, BChE, a-GLY) ile
molekiiler doking calismalar1 yapilmig ve doking skorlar1 ve
reseptor modelleri sunulmusgtur.

Anahtar Kelimeler: Ftalonitril, TD-DFT, ADMET, Molekiiler
doking.

1. INTRODUCTION

In the last few years, phthalonitriles (PNs) have remarked
many attention for their extraordinary features. The
enhanced heat resistance of phthalonitriles also shows
other highly attractive performances such as an
outstanding flame resistance, well mechanical properties
at high temperature, low water uptake, outstanding
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corrosion resistance, and developed UV protection
behavior.! However, PN materials have brittleness
property. Brittleness, an inherent property of PNs, results
from the hardness of monomeric vanguards and the high
degree of crosslinking of their cured versions.?
Additionally, normal PN monomers require higher
curing temperatures and a longer time to attain
completely cured systems. Although the inset of multi
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curing catalysts was contrived to enhance curing attitude
to a significant rating, curing temperatures and times did
higher than those of other high-performance
thermosets.™* The afore mentioned PN deficiencies were
examined by researchers and many solutions were
recommended. Introduced functionalities involved
imide, alkene, bismaleimide, alkyl, benzoxazine,
benzimidazole, novolac, and the like. Functionality
election is often driven by targeted features. Other
functions can ensure both improvements.’ When the PN
monomer does not encounter all the necessaries for a
particular application, forming blends and copolymers
with another PN compound is the first choice before
careful blending with other types of monomers.® The
diversity of PN monomers present, involving typical,
functional, and self-catalyzing PN monomers and
oligomers with different features, may direction some of
the limitations of a single PN monomer.”

Methods for predicting the 3-d structure of a protein
generally fall into three categories: ab initio or de novo
modeling, threading, and homology or comparative
modeling. Ab initio modeling uses a combination of
statistical analysis and physics-based energy function to
estimate the natural multiple of a delivered sequence.® Ab
initio modeling is favoured for estimating the structure of
a sequence when no convenient template is found or
when the query is common to use a particular fold than
the envisaged template despite sequence similarity.”
Various ab initio algorithms exercise statistical
information, secondary structure, and part assemblage for
folding forecast. Also common to all algorithms is the
simplistic presentment of the protein to keep the forecast
problem traceable. Reference is made to the reader for
more information on the particular ab initio estimation
methods.'""!

In this study, molecular modeling studies of a selected
unique PN compound were carried out. TD-DFT studies
were carried out to have information about the energy
properties, electrical properties, and nonlinear optical
properties of the compound. In addition, ADME analysis
was carried out to investigate the ADMET properties of
the compound. Finally, molecular docking studies have
been carried out successfully to determine whether the
PN compound will be compatible with the drug design
phenomenon.

2. MATERIALS AND METHODS
2.1. Computer calculations

The PN molecule was first drawn in ChemBioDraw for
TD-DFT calculations in the gaussian 09 program and
minimized by the SYBL2 (mol2) method with the
Chem3D program. Similarly, the drawn molecules were
converted to 3D MOL2 files in Chem3D and transferred
to GaussView 6.0. TD-DFT study'? was calculated on 6-

148

311G basis set in B3ALYP and LanL.2DZ method and
images of each calculation'® (Geometry optimization,
HOMO and LUMO analysis, Mulliken atomic charges
and dipole moment, MEP analysis) were taken.
Molecular docking was provided to investigate the exact
binding site and binding mechanism of ligand-protein
interactions. Schrodinger's Maestro Molecular Modeling
platform (version 11.8)."* Online servers such as
SwissADME (http://www.swissadme.ch/index.php)
were used for ADME analysis.!> The LLC model was
applied in the molecular docking approach. Crystal
structures of human asetilkolinesteraz (AChE) (PDB ID:
4MOE), butirilkolinesteraz (BChE) (PDB ID: 6SAM) ve
alfa-glukosidaz (a-GLY) (PDB ID: 3A4A) enzymes
were downloaded. All compounds were equipped as for
that former studies with the Ligprep module. Ligand-
protein docking studies were carried out with the glide
docking module. The highest binding energies and
binding conformations between enzymes and ligands
were estimated.'® The lowest energy positions show the
highest binding affinities. Molecular docking study were
visualized with Discovery Studio 2016 client (Visualizer
2005).

3. RESULTS AND DISCUSSION

The molecule belonging to the phthalonitrile group was
first drawn in ChemBioDraw for theoretical calculations
in the Gaussian 09 program and applied by the “PDB”
format method with the Chem3D program. Applied
molecules were given to the Gaussian 09 program and ab
initio calculations were done for this structure.

3.1. TD-DFT Studies

3.1.1. Geometry optimization of PN compound

The theoretically calculated values of some phthalonitrile
compounds can give an idea about the geometry of

molecular changes.'””'® The optimized basic structure
and total energy conversion of PN are given in Figure 1.

oy
ﬁ““g 3.5,

1.062 A 1.546 A

Figure 1. Optimized structure for PN using the TD-DFT
method and the R3PW91 / TD-FC and RB3LYP/6-311G (d, p)
basis set.



Int. J. Chem. Technol. 2021, 5 (2), 147-155

DOI: http://dx.doi.org/10.32571/ijct.1004065

Tanriverdi and co-workers

E-ISSN: 2602-277X

The optimized bond length parameters of the molecule
calculated with the TD-FC basis set of R3PW91 and the
6-311G (d, p) basis set of RB3LYP in the PN TD-DFT
method are shown in Figure | and listed in Table 1. There
is very little difference between the R3PW91 and
RB3LYP values. This means that the structure has
minimum potential energy. A comparison of optimized
two basis set of PN was studied. All bond lengths and

bond angles in phenyl rings are within the normal range.
The C-C bond distances for R3PWOI are 1.361-1.545 A,
and the C-O bond distances for RB3LYP are 1.363-1.555
A and 1.288-1.405 A for the oxygen atom between the
two phenyl rings. The C-H lengths in the aromatic ring
are 1.076 - 1.091 A. All C-C-C angles are between 112°
and 123°. The C-C-H angle in the compound is 112° -
121°, C-C-O 115°-123°, and O-C-H 112-113°.

Table 1. The theoretically obtained bond lengths (A), bond angles (°), and dihedral angles (°) of the molecule for PN.

Bond lengths (A) Bond Angles (°)
Atom Groups R3PWI1 RB3LYP Atom Groups R3PWI1 RB3LYP
Cl-C2 1.44698 1.45150 C1-C2-C8 121.41592 121.39628
C1-Co 1.43875 1.44267 C1-C2-C3 118.48142 118.47263
C2-C3 1.39996 1.40259 C2-C8-N32 179.70130 179.64954
C2-C8 1.41060 1.41301 C1-C7-N31 172.70007 172.58947
C8-N32 1.16159 1.16117 C2-C3-H33 117.85024 117.85481
C3-H33 1.08452 1.08370 C1-C6-H35 117.99770 117.86282
C3-C4 1.38446 1.38648 C14-C15-H39 121.02220 120.94766
C4-H34 1.08135 1.08041 C6-C5-09 122.93404 122.97260
C4-C5 1.41656 1.41929 C5-C4-H34 119.83494 119.82089
C5-Co 1.36368 1.36422 C5-09-C10 115.62031 116.03688
C6-H35 1.07815 1.07656 C3-C4-C5 118.35084 118.31576
C5-09 1.39623 1.40504 C10-C11-H36 119.07370 119.07862
C1-C7 1.38134 1.38401 C10-C11-C12 119.90458 119.94643
C7-N31 1.17695 1.17685 C10-C15-H39 119.21409 119.21882
09-C10 1.36993 1.37458 C11-C12-C13 120.99433 121.05933
C10-C11 1.38872 1.39056 C12-C13-C16 122.38367 122.36303
C11-H36 1.08383 1.08296 C12-C13-C14 117.80020 117.64938
C10-C15 1.39258 1.39444 C13-C14-H38 119.74895 119.85308
C15-H39 1.08375 1.08282 C13-C16-C18 114.03440 114.08505
C14-C15 1.38572 1.38782 C13-C16-C19 112.51612 112.44122
C14-C13 1.40329 1.40569 C16-C19-H42 113.40299 113.42896
C14-H38 1.08491 1.08351 H40-C19-H41 107.79547 107.81048
Dihedral Angles (°) Dihedral Angles (°)

Atom Groups R3PWI1 RB3LYP Atom Groups R3PWI1 RB3LYP
C1-C2-C3-C4 0.46233 0.42841 C23-C22-030-H52 17.82858 18.19702
C2-C1-C7-N31 179.01002 178.23777 H46-C24-C23-H45 0.04831 0.28348

C3-C4-C5-09 179.66344 179.70866 C12-C13-C16-C18 133.08575 133.14003
H36-C11-C10-09 4.56578 4.79244 H48-C26-C27-H49 0.29434 0.30255

3.1.2. Frontier molecular orbitals (HOMO-LUMO)
and dipole moment calculations of the PN compound

The main electrical parameters regarding orbitals in a
molecule are the highest occupied molecular orbital
(HOMO) and lowest unoccupied molecular orbital
(LUMO) and energy vacancies. HOMOs are the
outermost (highest energy) orbital electrons that can act
as electron donors. The LUMO is the innermost (lowest
energy) orbital that has enough space to accept electrons
and can act as an electron acceptor. The HOMO and
LUMO orbitals determine the interaction of the molecule
with other sort."” The orbital representation of HOMO
and LUMO for density PN is shown in Figure 2.
Calculated using the TD-DFT method from Enowmo -
5.3480 eV - ELumo-3.3726 eV for the TD-FC basis set of
R3PWO1 and Enomo - 5.3172 eV - Erumo - 3.2913 eV for
the 6-311G (d, p) basis set of RB3LYP (Figure 2). The
HOMO and LUMO orbitals determine how the molecule
interacts with other species. It also helps characterize the
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bandgap, chemical reactivity, and kinetic stability. A
small border indicates the electronegativity, hardness,
polarization, and other reactivity indices of a molecule
with an orbital gap. Table 2 shows the chemical reactivity
indices.

LUMO > i

E=-3.3726 eV f ',:a
& LUMO +1
a - J’ :", E=-2.0227 eV
= g‘ ) 3'5\ =) - - ‘}‘,‘s
>, PP -
= @ S92’

> 3
377 A
AE=1.9754 ¢V
2.6 *
@ D) X @
X o
4 S AR [
P el
HOMO -1

HOMO \ E=-6.8503 eV
E=-5.3480 eV

Figure 2. HOMO-LUMO energy maps and bandgap for PN
using the TD-DFT method and the R3PW91/TD-FC basis set.
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The dipole moment is an important property of the
energy associated with the applied electric field of
molecule.?’ The dipole moment consists of

intermolecular interactions involving Van der Waals type
dipole-dipole forces and generates strong intermolecular
attraction. Table 3 shows the calculated parameters,
electronic dipole moment, and total dipole moment.

Table 2. Comparison of HOMO, LUMO, energy gaps (D), and PN-related (au) molecular properties for PN.

Molecular Energy R3PWI1 RB3LYP
Erumo -3.3726 -3.2913
Enomo -5.3480 -5.3172
Erumo+i -2.0227 -1.9617
Enomo-1 -6.8503 -5.3172
Energy Gap (A) |[Enomo- ELumo| 1.9754 2.0259
Ionization Potential (I =—Enomo) 5.3480 53172
Electron Affinity (4 = —ELumo) 3.3726 3.2913
Chemical Hardness (7 = (I — A4)/2) 0.9877 1,0129
Global Softness (s = 1/2 i) 0.4938 0,5064
Chemical Potential (u =—(/+ A)/2) -4.3603 -4,3042
Electronegativity (y = (I+ 4)/2) 4.3603 4,3042
Global Electrophilicity (o= /2 1) 9,6245 9,1453

Table 3. For PN, dipole moments (Debye), (au) polarizability, § components and value of B tot phthalonitrile are calculated by TD-
DFT method for R3PW91/TD-FC and RB3LYP /6-311G (d, p) basis set.

Parameter R3PW91 RB3LYP Parameter R3PWI1 RB3LYP
Hx -0.6581 -0.7534 Bxxx -249.4849 -250.2618
Ly -6.0908 -6.0036 Bxxy -141.4082 -142.4993
ez 0.5071 0.5107 Bxvy -5.0885 -6.3562
H(D) 6.1472 6.0722 Byyy -61.7956 -59.9208
Olxx -192.7117 -195.1953 Bxxz -32.4278 -29.7575
Olyy -195.0605 -196.8636 B xvz 10.9778 11.3327
Olzz -178.1407 -179.7363 Byvz -1.9491 -1.5071
XY -25.0475 -24.9492 B xzz -5.1822 -3.1047
0xz 3.0576 3.0537 Bvzz -12.0244 -11.4329
oYz 2.7554 2.8848 B zzz 7.9632 6.9515
a(au) -188.6376 -190,5984 B(esu) 3.3x1030 3.0x10°3
3.1.3. Molecular electrostatic potential surface investigating the physicochemical properties of

(MEPS) maps of PN

The molecular electrostatic potential surface MEPS
shows the size, shape, and electrostatic potential values
of the molecule and is plotted for the phthalonitrile
molecule. MEPS mapping is very beneficial in
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molecular structure.”’ The green color indicates neutral
electrostatic potential. Here, MEPS maps were mapped
for PN as shown in Figure 3. In the case of phthalonitrile,
the MEPS map shows negative potential regions around
the nitrogen atoms, characterized by red color. It shows
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an almost neutral potential as most of the aromatic ring
region is represented by green.

-7.876 ¢ | D

Figure 3. MEPS mappings for PN.
3.1.4. Mulliken atomic charges of PN

The calculation of Mulliken atomic charges plays an
important role in applying quantum chemical
calculations. Mulliken atom was calculated for PN on the
basis set of R3PW91/TD-FC and RB3LYP/6-311G (d,
p) by the TD-DFT method. The graph comparing the
Mulliken atomic charges for PN is presented in Figure 4.
The data obtained from the calculations are presented in
Figure 5 and Table 4. The distribution of Mulliken charge
is that the oxygen atom attached to the aromatic ring is
01 (-0.403) - (-0.500), O6 (-0.435) - (-0.539), O7 (-
0.381) - (-0.359). It was observed that some C atoms were
positive and some were negative.

Bl G
B a0 2D7

0.4

=
]

Atomic Charges

-0,6

Atomic Numbers
Figure 4. Comparison of Mulliken atomic charges for PN.
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Figure 5. The Mulliken atomic charges of a) R3PW91/ TD-FC
and b) RB3LYP/ 6-311G (d, p) basis set by TD-DFT method
for PN.

3.1.5. NBO analysis of PN

NBO analysis provides research on the most accurate
Lewis structure of the molecule, detailed electron density
of all orbitals, NBO method is an evaluation of full and
empty orbital interactions that provides information
about both intermolecular and intermolecular
interactions. A quadratic Fock matrix was constructed to
evaluate the donor-receiver interactions in the NBO
analysis of our compound. The result of the interaction is
a loss of occupancy from a localized NBO of the
idealized Lewis structure to an empty non-Lewis orbital.
For each transmitter (i) and receiver (j), the stabilization
energy associated with the displacement of i — j is
estimated as E (2). NBO analysis was performed to
explain charge transfer or charge displacement due to
intramolecular interaction between bonds. These results
are measurements of delocalization and
hyperconjugation, the results analyzed for PN are given
in Table 5.

Intramolecular interactions are observed as an increase in
electron density (ED) in the antibody orbitals weakening
the respective bonds (C - O), The electron density of the
conjugated substituted bond (1.9938 au) indicates a
strong dislocation, the occupancy rate of £ bonds is
higher than that of 6* bonds. high, which provides greater
localization. The intramolecular hyper conjugative
interaction of the distribution to w (C8-C9) &t electrons in
the ring leads to stabilization of a portion of the ring, as
seenin Table 5. * (C10-C11) and anti-Ring * (C12-C13)
lead to 25.61-18.56 kcal/mol stabilization. These values
increased conjugation leading to strong localization.
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3.2. ADME analysis of PN

Currently, ADME studies in drug manufacturing are used
to select the most promising compounds and to minimize
the risk of late-stage drug wear. With these studies, a
balance between pharmacodynamic and pharmacokinetic
properties can be determined as preliminary
information.?? Here, many parameters such as molecular
properties, drug solubility S, cell permeability, HIA,
polar surface area PSA, and drug similarity score were
investigated by virtual scanning methods on small
molecules. An existing oral drug selected according to

Lipinski's rule of 5 should have a molecular weight and
LogP of no more than 500 and 5, respectively, less than
10 hydrogen bond acceptors, and less than 5 hydrogen
bond donors.

Online servers such as SwissADME
(http://www.swissadme.ch/index.php) were used. The
results in Table 6 show that the compounds are coherent
with MA 276.25-416.47 g/mol (<500), LogP values 1.54
-4.99 (<5), and acceptor hydrogen bond (AHB) 4-6 (<10)
according to Lipinski's rule. Topological PSA values are
between 77.04 - 99.89 <140, A2 ABS is between 74.54-
82.42% (Figure 06).

Table 5. Selected NBO results for PN were calculated for the R3PW91/TD-FC baseset by the TD-DFT method.

NBO() Type ED/e NBO() Type ED//e ?I?c)::l /mol) E (j)-E(@)" (a,u,) 51,(111’)j)c
o1-C2 c 1.99381 C3-014 o* 0.04747 1.31 1.11 0.034
O1-H19 c 1.98833  C2-H20 c* 0.02047 1.55 1.12 0.037
C2-H21 c* 0.02569 0.96 1.10 0.029
C2-C3 c 1.97792 C3-C4 c* 0.04747 0.72 0.96 0.024
C3-H22 c* 0.03218 0.55 1.01 0.021
C4-07 c* 0.03349 2.51 0.86 0.042
014-H30 c* 0.00765 1.73 1.03 0.038
C5-H24 c 1.98516 C3-C4 o* 0.04747 3.07 0.88 0.047
C4-07 c* 0.03349 1.36 0.78 0.029
C4-H23 c* 0.02617 2.56 0.93 0.044
06-H26 1.98875 C4-C5 o* 0.03155 2.10 1.08 0.043
07-C8 1.99010 C12-C13 c* 0.02208 1.01 1.70 0.037
C8-C9 1.97976 C8-C13 o* 0.02054 4.03 1.24 0.063
C9-C10 c* 0.01337 2.82 1.27 0.054
C10-H28 o* 0.01201 2.51 1.15 0.048
m 1.59934 C10-C11 * 0.38304 25.61 0.28 0.076
C12-C13 n* 0.37067 18.56 0.27 0.064
C15-N16 1.99344 C12-Cl15 c* 0.03019 10.02 1.58 0.113
C17-N18 1.99390 Cl11-C17 o* 0.03091 9.28 1.57 0.108
C10-C11 c* 0.02334 3.20 0.85 0.047
Cl1-Cl12 o* 0.04047 3.89 0.79 0.050
Table 6. Physicochemical and lipophilicity of the most active compounds.
Code Lipophilicity Physico-chemical properties
consensus
log P .
MA? Heavy Aromatic Rot. H- H-bond MRP TPYA® (A% % ABSY
g/mol atoms  heavy bond bond don.
atoms acc.
PN 4.99 416.47 32 24 5 4 1 123.04 77.04 82.42

*MA, molecular weight; "MR, molar refractivity; “TPYA, topological polar surface arca; "ABS%: absorption percentage (ABS% = 109 — [0.345 x

TPYA]; “Quinic acid; ‘Quercitrin; EMiquelianin).
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LIPO

FLEX SIZE

INSATU POLAR

INSOLU

The color zone is the physicochemical area suitable for oral bioavailability.

LIPO (lipophilicity): -0.7 < XLOGP3 < +5.0

SIZE: 150g/mol < MV < 500g/mol

POLAR (Polarity): 2042 < TPSA < 130 A2

INSOLU (Indissolubility): 0 < Log S (ESOL) < 6
INSATU (Insaturation): 0.25 < Fraction Csp3 < 1

FLEX (Flexibility): 0 < Num. Rotatable bonds < 9

Figure 6. Color regions and physicochemical parameters of
PN.

3.3. Molecular docking studies of PN

Molecular docking is useful for investigating the ligand-
receptor binding mechanism and for learning about the
interaction of binding modes at the molecular level.>**
Molecular docking was performed to identify the
selected binding sites of ligands with the receptor and to
largely approve the experimental observations. In this
study, which consisted of one compound and three
enzyme sets, three good docking scores were found
(Table 7). These ligands were docked to the catalytic
active site of the enzyme and the docking results were
examined on the basis of binding affinity and interaction
mode. However, in terms of molecular structure, the best
binding affinity score was seen in BchE enzyme.

Table 7. The best binding affinity scores (kcal/mol) of
compounds in the catalytic sites of enzymes.

Phenolic Docking Score

Compound AChE BChE o-GLY
(PDB:  (PDB:6SAM) (PDB:3A4A)
4MOE)

PN -8.01 -8.332 -5.209 |

The similarity of the protein structure to the natural
ligand increases this value because it is structural. The
dynamics of the protein plays an important role in how
proteins must interact with a number of derivatives to
form complexes that can enhance or limit their biological
functions. After choosing the best pose in the whole
ligand-enzyme docking study, the binding modes were
analyzed to comprehend the inhibition mechanisms.
Figure 7 shows the 3D and 2D interaction as a result of
the PN-AChE docking study. The affinity score for

binding affinity with PN-AChE was calculated as -8.01
kcal/mol. Here, HOH-869 (1.76 A) hydrogen-bonded
water hydrogen bond to phenol in the bonding
mechanism, VAL-340 (3.07 A) bonded with hydrogen-
bonded to phenol, Conventional Hydrogen Bond with
PHE-295 (2.01 A) bound to the first Nitrogen of
phthalonitrile and (2.81 A) bound to the second Nitrogen
of TYR-337 phthalonitrile, VAL-294 (3.03 A) carbon-
hydrogen bond attached to the first Nitrogen of
phthalonitrile, TRP-286 (4.31 A) and TYR-341 (4.19 A)
Pi-Pi stacking attached to the center of the phthalonitrile
benzene ring, LEU-76 (5.44 A) Pi-Alkyl bonded to the
center of the benzene ring, TYR-124 (5.66 A) are
examples of Pi-Pi T-shaped bonded to the center of the
benzene ring and other interactions are as in Figure 7.

2D View

@ Charged (negative)

Polar Distance —  Salt bridge
& Charged (positive) @ Unspecified residue bon
Glycin Water

Solvent exposure

R

cine: etal
Hydrophobic Hydration site e PiPistacking
Petal % Hydration site (displaced) —e Pication

Figure 7. 3D view of the aromatic surface on the receptor and
2D view of PN-AChE enzyme interactions.

Figure 8 shows the 3D and 2D interaction as a result of
the PN-BChE docking study. In binding affinity with PN-
BChE, the highest affinity score was calculated as -8.332
kcal/mol. Here, in the bonding mechanism, ALA-328
(2.72 A) and ASN-289 (2.14 A) hydrogen-bonded
conventional hydrogen bond to phenol, PHE-329 (4.36
A) benzene ring bonded to center Pi-Pi stacking, and also
(4.36 A) Pi- Pi T-shaped, TYR-332 (2.80 A) Pi-donor
hydrogen bond to phenol hydrogen-bonded as well as
(5.14 A) Pi-Pi T-shaped bonded to the center of the
benzene ring and finally TRP-231 (5.90 A) are examples
of Pi-Pi T-shaped bonds attached to the center of the
benzene ring. Other interactions are as in Figure 8.

2D View

W Charged (negative) Polar - Distance —  Salt bridge

W Charged (positive) W Unspecified residue = H-bond Solvent exposure
Glycine Water —  Metal coordination
Hydrophobic Hydration site *-e PHPistacking

@ Metal X Hydration she (displaced) —e Pication

Figure 8. 3D view of hydrogen bond donor/acceptor surface on
the receptor and 2D view of PN-BChE enzyme interactions.
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Figure 9 shows the 3D and 2D interaction as a result of
the PN-a-GLY docking study. The affinity score for
binding affinity with PN-a-GLY was calculated as -5.209
kcal/mol. Here, the bonding mechanism is conventional
Hydrogen Bonding HIS-112 (2.30 A), GLN-182 (2.34 A)
bonded to nitrogen of phthalonitrile, and hydrogen-
bonded to TYR-158 (2.35 A) phenol. ASN-415 (2.37 A)
hydrogen-bonded incompatible donor-donor bond to
phenol, ASP-215 (4.39 A) and GLU-277 (4.72 A) Pi-
anion bonded to the center of the benzene ring, TYR-158
(4.52 A) Pi-Pi T-shaped bond attached to the center of the
benzene ring, PHE-178 (4.92 A) Pi-Pi stacking
connected to the center of the benzene ring, ARG-315
(4.04 A) and VAL-216 (5.08 A) Pi-alkyl bond attached
to the center of the benzene ring, PHE-303 (5.28 A) and
HIS-280 (5.35 A) are examples of Pi-alkyl bond attached
to the methyl group and other interactions are as in Figure

3D View

2D View

- Dstance
Unsperified residue - Hhond

Water = Metal coordination
Hydration site e+ PiPistacking

* Hydration site (displaced) —e  Pication

o Charged (negative) Polar

—  Saltbridge

' Charged (posttive) - Solvent exposure

Glycine
Hydrophobic
o Metal

Figure 9. 3D view of the SAS surface on the receptor and 2D
view of PN-0-GLY enzyme interactions.

4. CONCLUSIONS

As a result, there was one caveat that users of docking
software should constantly remind themselves: their
embedded models should be analyzed with a skeptical
eye. In the theoretical studies and findings section, the
molecule of the phthalonitrile group was first drawn in
ChemBioDraw for DFT calculations in the Gaussian 09
program and minimized by the SYBL2 (mol2) method
with the Chem3D program. Minimized molecules were
given to the Gaussian 09 program and TD-DFT
calculations (Geometry optimization, HOMO-LUMO,
dipole moment calculations, MEPS maps, Mulliken
atomic charges, and NBO analysis) were made for the
structure. In addition, in this section, ADME analysis was
performed for the compound belonging to the
phthalonitrile group, and the color regions were
presented separately. Among all values, PN was found to
have good permeability. Finally, molecular docking
studies were carried out for PN with three different
enzymes (AChE, BChE, a-GLY) and docking scores and
receptor models were presented. Although AChE and
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BChE docking scores are the highest, they have very
close values.
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ABSTRACT

Inhibitors of Acetylcholinesterase (Acetylcholine
acetylhydrolase, AChE, E.C.3.1.1.7) are highly significant in
the therapy of a chronic illness such as Alzheimer’s disease
(AD) due to the deep relationship with memory and
acetylcholine. So investigation of natural AChE inhibitors
having minimal side effects has become important. In this paper
human erythrocytes AChE enzyme (0.032 EU mg! protein)
was partially isolated by using DE-52 anion exchange
chromatography. Then, primer effects of resorcinol derivatives
on the enzyme activity were studied and ICso values were found
in the range of 2.74-363.61 pM. Besides, inhibition profiles
were elucidated by molecular docking and the highest
inhibition potency was observed in 4-hexylresorcinol with the
free binding energy of -6.16 kcal mol™!. In conclusion, it was
found that 4-hexylresorcinol had the highest inhibitory potential
on human AChE. So, this compound may be used in drug
design in memory-lost diseases.

Keywords:  Acetylcholinesterase, resorcinol, inhibition,

molecular docking.

Insan asetilkolinesteraz inhibitorii olarak
resorsinol tirevleri: Bir /n Vitro ve In Silico
calisma

0z

Asectilkolinesteraz inhibitorleri (Asetilkolin asetilhidrolaz,
AChE, E.C.3.1.1.7), hafiza ve asetilkolin ile derin iliskisi
nedeniyle Alzheimer hastaligi (AD) gibi kronik bir hastaligin
tedavisinde olduk¢a dnemlidir. Bu nedenle minimal yan etkiye
sahip dogal AChE inhibitorlerinin arastirilmasi Onem
kazanmigtir. Bu ¢alismada insan eritrosit AChE enzimi (0.032
EU mg! protein) DE-52 anyon degistirme kromatografisi
kullanilarak kismen izole edilmistir. Daha sonra resorsinol
tirevlerinin enzim aktivitesi iizerindeki primer etkileri
incelenmis ve ICso degerleri 2.74-363.61 uM araliginda
bulunmustur. Ayrica inhibisyon profilleri molekiiler docking
ile aydinlatilmis ve en yiiksek inhibisyon giicii -6.16 kcal mol!
serbest baglanma enerjisi ile 4-heksilresorsinolde gozlenmistir.
Sonug olarak, 4-heksilresorsinoliin insan AChE iizerinde en
yiiksek inhibitdr potansiyele sahip oldugu bulunmustur. Bu
nedenle, bu bilesigin hafiza kaybi olan hastaliklarda ilag
tasariminda rehberlik edebilecegi diistiniilmektedir.

Anahtar Kelimeler: Asetilkolinesteraz, resorsinol, inhibisyon,
molekiiler docking.

1. INTRODUCTION

Alzheimer’s disease (AD), the cause of about 60-70% of
dementia cases, is a chronic neurodegenerative disease,
and its incidence accelerates exponentially with age. AD,
which initially shows symptoms of short-term memory
loss and mental dysfunction, as it progresses it leads to
mood swings, loss of motivation, inability to manage
personal care and behaviour, physical dysfunction and
eventually death. Approximately 24 million people
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suffered from AD in 2018, and it is estimated that this
number will quadruple in 2050.'° Although the
pathogenesis of AD has not been fully clarified, there are
some hypothesis on pathophysiology of AD such as
cholinergic hypothesis, f-amyloid (AP) peptide theory,
irregularity on energy metabolism, and oxidative stress.
47 One of the most common studied of these is
cholinergic hypothesis and this hypothesis is generally
based on the treatment of AD. The cholinergic system
plays a role in the transport of impulses between central
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and peripheral nervous system cells, and the decline of
cholinergic neurons and loss of neurotransmission have
been reported to be the main causes of decreased
cognitive function in patients with AD. The cholinergic
hypothesis explains the main cause of AD with a
decrease in the synthesis of acetyl choline (ACh).* ACh,
an important neurotransmitter involved in signal
transduction, is synthesized in the cholinergic neurons of
the brain. It has been reported that ACh decreases in some
neurodegenerative diseases.” >

In a healthy brain, in the reaction catalysed by
Acetylcholinesterase (AChE, E.C. 3.1.17) approximately
80% of ACh hydrolyses to acetate ions and choline.'" '
This enzyme is mainly localized in the synaptic cavities
of the central and peripheral nervous system and red cell
membranes. It plays a key role in nerve conduction as it
terminates the stimuli in cholinergic pathway with ACh
hydrolysis.'" 1415 It has been declared that inhibition of
AChE can significantly reduce behavioural disorders of
patients with AD. Therefore, the cholinergic hypothesis
based on inhibiting the activity of acetylcholinesterase
(AChE) is used in development of therapeutic strategies'®
and this leaded to the discovery of the first 4 drugs
(tacrine, donepezil, rivastigmine, and galantamine)
certified by FDA.

Moving on the advantages of AChEIs in the treatment of
AD, in the current study, it was aimed to investigate the
effects of resorcinol derivatives (Figure 1) on the activity
of AChE. Besides, the interactions between compounds
and the enzyme were clarified by the molecular docking
method in order to understand the inhibition mechanism
more clearly. In some research, alkylresorcinols have
been reported to have some biological activities, such as
antioxidant, anticancer, antimicrobial, antiparasitic,
antifungal activities, and enzyme inhibition potency.'’!®

2 HO oH
OH

§-Methylresoreinol

4 HO\@iH/\/\/

4-Hexyhresorcdmnol

6 \Q:OH
OH

2.5-Dinethylresorcinol

=
o
£

Resorcinol

w
-
=]
: Q
L |

4-E thylresorcinol

n
j ]
X

OH

2-Methylresordnol

Figure 1. The chemical structures of resorcinol derivatives used
in this study.
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2. MATERIALS AND METHODS
2.1. Chemicals

All chemicals used in the isolation and activity
determination of enzyme were procured from E. Merk
AG. The erythrocyte of waste human blood was taken
from the Turkish Red Crescent, Erzurum, Turkey.

2.2. Enzyme Protein
Determination

assay and Quantitative

AChE activity was measured spectrophotometrically at
436 nm according to Worek et al.’s method, modified
from Ellman procedure which is more sensitive than
Ellman’s method."® In this method, during the reaction,
the yellow-colored anion 2-nitro-5 thiobenzoate (TNB)
formed from the 5,5'-dithiobis-(2-nitrobenzoic acid)
(DTNB) in the presence of the acetylthiocholine iodide.
At 436 nm increased absorbance is recorded and used in
activity calculations. The protein amount of enzyme
samples was analysed according to the Bradford method
at 595 nm by using bovine serum albumin (BSA, 1 mg
ml™) as standard protein.?’

2.3. Partial purification of acetylcholinesterase from
human erythrocytes by DE-52 anion exchange
chromatography

Erythrocytes were haemolysis by stirring with ice water
in aratio of 1:5. Than the haemolysed erythrocyte sample
was centrifuged at 5 000 g for 15 minutes and pH of it
was increased to 7.8 with 0.05 M K,;HPOjs solution and
AChE was isolated by DE-52 anion exchange
chromatography, equilibrated with phosphate buffer at
pH 7.5, as reported in Guller and co-workerset.?! The
AChE was eluted with the increasing salt gradient in the
equilibration buffer. All these operations were carried out
at about +4°C.

2.4. Inhibition studies

For examining the effects of resorcinols, activity
determinations were performed at the different amount of
compounds and at least five various inhibitor
concentrations were chosen. Enzyme activity measured
without resorcinols was taken as 100%. Activities
determined in the presence of each compound calculated
as activity%. Then activity%- [resorcinol derivatives]
graphs were drawn using Microsoft Office 2016 Excel,
and concentrations of compound that inhibited 50% of
the activity (ICso) were calculated from these graphs.?!*2

2.5. Analysis of bindings models

The crystal structure of the acetylcholinesterase enzyme
(PDB code: 4EY7)* was downloaded from the RSCB
Protein Data Bank (PDB) with 2.0 A resolution.
Molecular structures of the derivatives were gotten by
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ChemDraw Professional 15.0 and Avogadro software
* pdb file. Receptor protein and ligands were prepared by
using Autodock4.2 tool.** Finally, the grid box
dimension (80 x 80 x 80 A), grid spacing (0.375 A), and
grid boxes centres (x= -2.980, y= -40.109, z= 30.750)
were adjusted to provide optimum binding poses. The
Lamarckian genetic algorithm was used to determine the
appropriate binding positions of ligands. The binding
positions and interactions of ligand-receptor complexes
were viewed using Discovery Studio Visualizer.

3. RESULT AND DISCUSSION

The role of acetylcholine (ACh), a neurotransmitter, is to
ensure the neural impulses reach the muscles or related
tissues after being released into the synaptic space by the
nerve cells. In diseases related to memory loss, ACh
reported to break down in a very short time. Therefore, it
is used in the diagnosis and treatment of Alzheimer's
disease (AD) today.? It was determined that ACh levels
in normal-aged control groups’ brain are different from
normal-aged AD patients' brain around 50%.52” When
ACh is hydrolysed by Acetylcholinesterase (AChE), its
role in neurotransmission ends. It has been determined
that the transmission among nerves is strengthened by
inhibition of AChE.”® Besides, it has been seen that
anticholinesterase drugs provide a significant regression
in behavioural disorders in patients with memory-related
diseases.”” Considering the above-mentioned importance
of AChE inhibition in treatment of memory lost diseases,
in this study primer effects of resorcinols on enzyme
activity were investigated. Also, inhibition mechanisms
were clarified by molecular docking. Firstly, 0.032 EU
mg! AChE was isolated from human erythrocytes by
DE-52 anion exchange chromatography as described in
method section. Then, in vitro inhibition studies of
compounds on enzyme activity were performed
spectrophotometrically. ~ Activity%-[inhibitor] graphs
were plotted (Figure 2). From the equations of these
exponential graphs, the concentrations of compounds
that inhibits the activity by half was calculated.

As seen from the Tablel, ICso values of compounds
found in range between 2.74-363.61 uM. Most effective
inhibitor was determined as 4-hexylresorcinol (4) with
the ICso value of 2.74 uM. The ICs¢ value of tacrine, used
as a standard inhibitor, was found to be 0.013 uM. The
inhibition potency of the studied compounds was found
to be lower than the standard inhibitor (ICs¢ values were
higher). The previous researcher described that so many
compounds such as N-(4-methoxyphenethyl)-N-
(substituted)-4-methylbenzenesulfonamides, carbamate
substituted coumarin derivatives, salicylanilide and 4-
chlorophenol-based N-monosubstituted carbamates,
tacrine hybrids with carbohydrate derivatives, bivalent [3-

carboline  derivatives, N-arylisomaleimides, and
benzylidenemalononitrile derivatives, carbazole-
30-38

coumarin hybrids, azoderivatives.

Table 1. Results of in vitro and molecular docking studies of
resorcinol derivatives on hAChE.

Compounds ICso R?  Estimated Estimated
(M) Free Ki constant

Energy of (M)

Binding
(kcal/mol)

1 363.16 0.93 -4.96 231.63

2 345 0.98 -5.09 187.20

3 3631  0.95 -5.52 89.32

4 2.74 098 -6.16 30.33

5 32 0.94 -4.93 243.77

6 57.5 0.92 -5.26 139.53

Tacrin 0.013  0.96 -7.49 3.26

ICso values of N-(4-methoxyphenethyl)-N-(substituted)-
4-methylbenzene sulfonamides on human erythrocytes
AChE were found in range of 0.0751- 22.549 pM.3*%*
determined that donepezil-flavonoid hybrids inhibited
human erythrocytes AChE with ICs values 0of 0.021-7.49
uM. It was seen that inhibition potencies of compounds
4 and 5 in the current study were almost similar those of
the studies conducted by Abbasi and co workers*’ and
Valencia and co workers.> When compared with
resorcinol, that the inhibitory effect of 4-hexylresorcinol
(4), derived from C 4, was found 132.5 times higher.
Giiller and co workers*® reported that 4-hexylresorcinol
inhibited the human glutathione reductase (GR) higher
than other derivatives. Studies examining the enzyme
inhibition effect of resorcinols showed that; resorcinols
derived from the 4™ and 5 positions exhibited significant
inhibition effect on cytochrome P450 and GR.'*#
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After in vitro inhibition, molecular docking studies were
performed by AuthoDock 4.2 to clarify the inhibition
mechanism. Estimated Binding Energies were predicted
in a computer-aided manner and summarized in Table.
Results of molecular docking studies were found to be
consistent with in vitro inhibition results. The lowest
binding energy was estimated for Compound 4 with -6.16
kcal mol"'. However, all of the compounds had lower
inhibition effects than the standard inhibitor. Free energy
of binding was predicted for tacrine as -7.49 kcal mol™.
When the inhibition mechanism inspected closer, it was
seen that Try337 residue of hAChE receptor showed pi-
sigma interaction with tacrine (Figure 3). Benzene
moieties of compound had pi-alky interactions with
Val294, Phe338, and Tyr341 residues. Compound
formed pi-pi stacked interaction with phenly group of
Phe338 and pi-donor hydrogen bond with Phe295.
Besides, tacrine had several van der Waals interactions
with Glyl122, Tyr124, Trp286, Ser293, Arg296, and
Phe297 amino acids.

GLY
a122

TR

A124  PHE

A29

VAL

PHE A294
338 TRP
286

ARG
A:296

PHE SER
A:295 A2E3

Figure 3. Potential binding modes and 2D ligand-receptor
interaction diagrams of tacrine with hAChE receptor.

Compound 4 showed pi-sigma interaction with AChE in
the same manner with tacrine (Figure 4). Tyr72, Asp74,
and Tyr124 residues showed hydrogen bonds with -OH
group of compound. It was observed that there was a pi-
pi stacked interaction between the benzene ring of the
molecule and the phenyl ring of Tyr124. Compound 4
had several van der Waals interaction with
active site residues.

Figure 4. Potential binding modes and 2D ligand-receptor
interaction diagrams of the most effective compound, 4-
hexylresorcinol with hAChE receptor.

The interactions of compound 4 with hAChE receptor
were found to be similar to those for the best inhibitors in
the studies of Zhang and co workers*! and Fernandes and
co workers.*?

4. CONCLUSIONS

Consequently, in this study, inhibition potential of
resorcinol derivatives on human erythrocyte AChE were
investigated and mechanism were clarified. The
inhibition of AChE is widely used in the treatment of
illnesses of which symptoms are memory loss. As a result
of in vitro inhibition studies, it was seen that most
effective inhibitor of hAChE is compound 4 (4-
hexylresorcinol) with the ICso of 2.74 uM. Also,
molecular docking studies predict docking score as -6.16
kcal mol™!. The results of both the in vitro and in silico
approaches were seen to support each other. The results
of the current paper may contribute to the studies
regarding the design of new therapeutics targeting the
activity of hAChE.
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ABSTRACT

This study was carried out to compare the chemical
composition and nutritive value of some clover species,
especially common in the rangelands of the Mediterranean
region. For this purpose, clover species (Trifolium
angustifolium,  Trifolium  cherleri, Trifolium  hybridum,
Trifolium lappaceum, Trifolium nigrescens, Trifolium pilulare,
Trifolium  resupinatum, Trifolium  scabrum,  Trifolium
spumosum and Trifolium tomentosum) were collected from ten
different points in Hatay Mustafa Kemal University campus
pasture. To determine the chemical composition of collected
clover species, crude ash (CA), crude protein (CP), neutral
detergent fiber (NDF), acid detergent fiber (ADF), acid
detergent lignin (ADL), hemicellulose (Hcel) and cellulose
(Cel) contents were investigated. In addition, dry matter
digestibility (DMD), dry matter intake (DMI), relative feed
value (RFV) and net energy lactation (NEL) characteristics
were calculated in order to determine the nutritional value of
clovers. Differences among species in terms of all features
examined were found to be statistically significant. CA, CP,
NDF, ADF, ADL, Hcel and Cel contents of species varied
between 5.36% and 9.85%, 18.47% and 22.05%, 30.31% and
49.80%, 21.32% and 34.28, 3.25% and 5.04, 8.99% and 15.97%
and 18.07% and 30.38, respectively. It was determined that the
values of DMD, DMI, RFV and NEL properties calculated for
the nutritive values of these plants varied between 62.20-
72.29%, 2.41-3.97%, 116.20-222.18 and 1.40-1.74%,
respectively. When the results obtained from the study were
evaluated collectively, it was determined that T. resupinatum
and 7. hybridum offered a superior nutrient content and
nutritional value compared to other species.

Keywords: Chemical Composition, Nutritional Value, Clover
Species, Rangeland, Forage.

Baz1 iicgiil tiirlerinin kimyasal kompozisyonu
ve besin degerlerinin karsilastirilmasi

0z

Bu calisma 6zellikle Akdeniz iklim bdlgesi meralarinda yaygin
bir sekilde bulunan baz1 iggiil tiirlerinin  kimyasal
kompozisyonunu ve besin degerini karsilastirmak igin
yiiriitiilmiistiir. Bu amagla Hatay Mustafa Kemal Universitesi
kampiis merasinda on farkli noktadan tcgiil (7rifolium
angustifolium,  Trifolium  cherleri, Trifolium  hybridum,
Trifolium lappaceum, Trifolium nigrescens, Trifolium pilulare,
Trifolium  resupinatum,  Trifolium  scabrum, Trifolium
spumosum ve Trifolium tomentosum) tirleri toplanmistir.
Toplanan bu {iggiil tiirlerinde kimyasal kompozisyonu
belirlemek i¢in ham kiil (HK), ham protein (HP), n6tr ortamda
¢oziinmeyen lif (NDF), asitli ortamda ¢dzlinmeyen lif (ADF),
asitli ortamda ¢6ziinmeyen lignin (ADL), hemiseliiloz (Hsel) ve
seliiloz (Sel) igerikleri incelenmistir. Ayrica besin degerini
belirlemek i¢in kuru madde sindirimi (KMS), kuru madde
tiketimi (KMT), nispi yem degeri (NYD) ve net enerji
laktasyon (NEL) &zellikleri hesaplanmustir. Tek yillik tiggiil
tiirlerinde incelenen tiim bu 6zellikler istatistiki agidan 6nemli
bulunmustur. Tiirlerin HK, HP, NDF, ADF, ADL, Hsel ve Sel
icerikleri sirastyla %5.36-9.85, %18.47-22.05, %30.31-49.80,
%21.32-34.28, %3.25-5.04, %8.99-15.97 ve %18.07-30.38
arasinda degisiklik gostermistir. Bu bitkilerin besin degerleri
icin hesaplanan KMS, KMT, NYD ve NEL ozelliklerine ait
degerlerin sirasiyla %62.20-72.29, %2.41-3.97, 116.20-222.18
ve %1.40-1.74 arasinda degistigi belirlenmistir. Calismadan
elde edilen bulgular topluca degerlendirildiginde T.
resupinatum ile T. hybridum tiirlerinin diger tiirlere kiyasla
iistiin bir besin madde igerigi ve besin degerlerine sahip oldugu
belirlenmistir.

Anahtar Kelimeler: Kimyasal Kompozisyon, Besin Degeri,
Tek Yillik Uggiil Tiirleri, Mera, Yem.

1. INTRODUCTION

In general, legumes are widely used as green fodder,
silage, ornamental plant, soil improvement, pollen and

nectar source and grazing plant in pasture vegetation.1

Legume forage crops offer significant advantages in
replanting winter pastures in arid regions.2 In addition,
nitrogen fixation to the soil where legumes grown can
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provide nitrogen to many grasses.® Among the perennial
forage crops, perennial legumes are considered the main
roughage source for livestock and are cultivated
worldwide.! Clover species are accepted as very valuable
plants especially in many countries where Mediterranean
climate prevails.” These plants are especially common in
the pastures of our Mediterranean climate regions in
which the pastures stated that the plant material collected
from.

One of the most important criteria affecting forage
quality in legume forage crops is species diversity.
Species-dependent variation is primarily due to the
morphology of shoot growth.* The difference in forage
quality between species may also be caused by the
difference in leaf and stem ratios of plant species.’
Knowing the feed quality and acting with this awareness
can increase the final animal productivity.®

The most commonly used analysis methods for the
determination of feed quality can be listed as raw ash,
which gives an idea about the mineral content of the feed,
nitrogen determination that shows the protein content,
insoluble fiber in neutral medium, insoluble fiber in
acidic medium, and insoluble lignin in acidic medium.®®
Based on these analyzes, the nutritional value of the feeds
is calculated and presented as various characteristics
theoretically.” Thus, it is possible to have an idea about
the nutrient content and feed quality of the roughage
obtained from forage plants.

In this study, the chemical composition and nutritive
value of some clover species, which are especially
common in the rangelands of the Mediterranean climate
regions, were investigated and the plant species were
compared in terms of these characteristics.

1. MATERIALS AND METHODS
In this study, some clover species (7Trifolium
angustifolium, Trifolium cherleri, Trifolium hybridum,
Trifolium lappaceum, Trifolium nigrescens, Trifolium
pilulare, Trifolium resupinatum, Trifolium scabrum,
Trifolium spumosum and Trifolium tomentosum) were
used as plant material. These plant species were collected
from Hatay Mustafa Kemal University campus pasture
from 30 March to 15 April from 10 different points
during the flowering period by cutting from a height of 5
cm from the soil surface. The same plant species
collected from the different points were mixed and left to

dry in a hot air forced oven at 65 °C for 48 hours with
three repetitions. The dried plant samples were
theoretically ground at a diameter of 1 mm in the mill to
make them ready for chemical analysis. Dry matter was
determined in the dried samples in ground air. For the
determination of dry matter (DM), 1 g of ground plant
samples were weighed and dried in porcelain crucibles in
a hot air blowing oven at 105 °C for at least 4 hours,'’
and dry matter determination was calculated. All feed
quality and nutritional value criteria given in % symbol
were calculated on the basis of dry matter. Crude protein
(CP) and crude ash (CA) contents of clover species were
determined according to the method of AOAC.'" The
Kjeldahl method was applied to determine the nitrogen
content and it was multiplied by 6.25 to calculate the
crude protein content.'’ The ground plant samples, which
were weighed into porcelain crucibles as 1 g for CA
analysis, were burned in a muffle furnace at 550 °C.
Based on the analysis of neutral detergent fiber (NDF),
acid detergent fiber (ADF) and acid detergent lignin
(ADL), cell wall components of clover species were
determined according to the method of Van Soest et al.!!
In addition, hemicellulose (Hcel) and cellulose (Cel)
were calculated using the difference between NDF and
ADF and the difference between ADF and ADL in these
plant species.!! According to Van Dyke and Anderson,”
the dry matter digestibility (DMD), dry matter intake
(DMI), relative feed value (RFV) and net energy
lactation (NEL) characteristics of clover species were
calculated with the following formulas.

DMD=88.9-(0.779x%ADF)
DMI=120/%NDF
RFV=%DMDx%DMIx*0.775
NEL=(1.044-(0.0119x%ADF))*2.205

ANOVA test was applied to all numerical data obtained
from this study and the features found to be significant
(p=0.05) as a result of this test were grouped with Tukey
pairwise test.

2. RESULTS AND DISCUSSION

The F values and significance levels of the chemical
composition and nutritional value properties of some
clover species were given in Table 1. As seen from Table
1, among the clover species, all the properties examined
in terms of chemical composition and nutritional value
were found to be statistically significant.

Table 1. ANOVA test results of chemical composition and nutritional value properties of some clover species.

DM CA CP NDF ADF ADL Hcel Cel DMD DMI RFV NEL
F 14.02 548.21  72.33 68.03 316.13  30.23 10.81 309.52  319.00 53.44 76.73 288.26
P <.001 <.001 <.001 <.001 <.001 <.001 <.001 <.001 <.001 <.001 <.001 <.001
Cv_ 0.21 1.00 1.08 2.63 1.35 441 8.15 1.54 0.45 2.59 2.80 0.69
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Data on DM, CA, CP, NDF, ADF and ADL
characteristics of some clover species and mean
comparison test results were given in Table 2. The DM
contents of the clover species evaluated in this study

varied between 94.84% and 96.74%. The highest DM
was detected in 7. angustifolium and the lowest in T.
resupinatum. It has been reported in many studies that
DM contents vary depending on plant species.'?*

Table 2. Mean comparison test results of DM, CA, CP, NDF, ADF and ADL traits in some clover species.

Clover species DM % CA % CP % NDF % ADF % ADL %

T. angustifolium 96.74+0.29* 7.65+0.02° 19.30+0.08¢ 43.71+0.08¢ 30.71+0.23¢ 4.54+0.02
T. cherleri 95.70+0.08° 7.584+0.07¢ 19.41+0.17¢ 49.80+0.712 34.28+0.332 3.90+0.05¢4¢
T. hybridum 95.8540.08° 9.85+0.052 21.93+0.092 38.60+1.594 28.07+0.35¢ 5.43+0.26*
T. lappaceum 95.87+0.05° 5.36+0.07* 18.47+0.14¢ 48.56+0.10% 32.59+0.32° 3.63+£0.214
T. nigrescens 96.19+0.13% 8.94+0.04¢ 20.90+0.09 37.29+0.384¢ 26.20+0.13¢ 4.39+0.08
T. pilulare 95.67+0.16° 7.47+0.01¢ 19.37+0.10¢ 45.37+0.49b° 31.68+0.20% 5.04+0.072
T. resupinatum 94.84+0.09¢ 8.41+0.11¢ 22.05+0.26* 30.3140.85F 21.3240.178 3.2540.09¢
T. scabrum 95.97+0.14° 9.27+0.0.4° 21.23+0.11% 39.40+0.144 27.38+0.144% 3.9040.08¢de
T. spumosum 96.2240.08% 8.60+0.03¢ 21.00+0.11¢d 37.3441.074 24.31+0.23f 3.274+0.11¢
T. tomentosum 96.28+0.05% 9.04+0.01% 20.43+0.12¢ 33.9540.40° 23.15+0.12F 4.18+0.07%¢

DM: Dry matter, CA: Crude ash, CP: Crude protein, NDF: Neutral detergent fiber, ADF: Acid detergent fiber, ADL: Acid detergent lignin

*Data with different letters in the same column are different from each other.

CA contents were determined between 5.36% and 9.85%
in clover species. While the highest CA content was
determined in 7. hybridum, the lowest was determined in
T. lappaceum. CA contents varied significantly among
the species. As a matter of fact, many researchers have
reported that plant mineral matter contents vary
significantly among the species.!>'® CP contents of
clover species varied between 18.47 and 22.05% and
these values are quite good in terms of nutrient content.
The highest CP content was found in 7. resupinatum
while the lowest CP content was found in 7. lappaceum.
It was determined that there was no statistical difference
between T. resupinatum and T. hybridum species. Tekeli
and Ates'” found in their study that CP contents of some
clover species vary from species to species and they
determined that CP contents varied between 19.01 and
24.51%. As a matter of fact, the CP content results
obtained from this study were similar to the results of
Tekeli and Ates.”” Among the clover species, NDF
contents varied between 30.31 and 49.80%, the highest
value was determined in 7. cherleri and the lowest in 7.
resupinatum. T. cherleri and T. lappaceum species were
placed statistically in the same group. Similarly, 7.

resupinatum and T. tomentosum species were also
included in statistically similar groups. Pereira and co-
workers.”? studied in some clover species with 316
samples and as a result of this study, they determined that
the NDF contents were between 14.54 and 51.58%. The
NDF contents obtained from this study were within the
ranges reported by Pereira-Crespo.”’ ADF contents of
clover species were found to be between 21.32% and
34.28%. Similar to NDF contents, the highest and lowest
values in ADF contents were determined in 7. cherleri
and 7. resupinatum species, respectively. Pereira and co-
workers.”” found the ADF contents of some clover
species to be between 11.55 and 44.35%, which supports
the ADF results obtained from our study. ADL contents
of clover species varied between 3.25 and 5.04%. The
highest ADL content was determined in 7. hybridum and
the lowest in 7. resupinatum species. High lignin content
is an undesirable feature in feeds®! and in this respect, the
T. resupinatum species came to the fore.

Data on Hcel, Cel, DMD, DMI, RFV and NEL
characteristics of some clover species and mean
comparison test results were given in Table 3.

Table 3. Mean comparison test results of Heel, Cel, DMD, DMI, RFV and NEL traits in some clover species.

Clover species Hcel % Cel % DMD % DMI % RFV NEL %

T. angustifolium 13.00+0.312 26.17+0.25°¢ 64.98+0.18° 2.7540.00% 138.27+0.194 1.50+0.01°¢
T. cherleri 15.53+0.44* 30.38+0.38* 62.20+0.26¢ 2.4140.04¢ 116.20+£2.11¢ 1.40+0.018
T. hybridum 10.53+1.31% 22.63+0.28% 67.03+0.274 3.12+0.12¢ 162.09+6.95¢ 1.57+0.014
T. lappaceum 15.97+0.34* 28.96+0.14° 63.51+0.25° 2.47+0.00°¢ 121.63+£0.51% 1.4440.01°
T. nigrescens 11.09+0.41b 21.8140.10¢f 68.49+0.10° 3.22+0.03% 170.85+1.75¢ 1.62+0.00°
T. pilulare 13.69+0.672 26.64+0.26¢ 64.22+0.15¢ 2.65+0.03¢ 131.65+1.16% 1.47£0.01¢
T. resupinatum 8.99+0.70° 18.07+0.188 72.294+0.132 3.97+0.112 222.18+6.412 1.74£0.012
T. scabrum 12.02+0.06b° 23.48+0.144 67.57+0.10% 3.04+0.01¢ 159.48+0.78¢ 1.58+0.00¢
T. spumosum 13.03+0.922b 21.05+0.20F 69.96+0.17° 3.22+0.09% 174.56+5.23¢ 1.67+0.01°
T. tomentosum 10.80+0.36 18.97+0.198 70.87+0.10° 3.54+0.04° 194.20+2.38% 1.6940.00°

Hcel: Hemicelluose, Cel: Cellulose, DMD: Dry matter digestibility, DMI: Dry matter intake, RFV: Relative feed value, NEL: Net energy lactation

*tData with different letters in the same column are different from each other.
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Hcel contents of clover species were determined between
8.99 and 15.97%. The highest Hcel content was found in
T. lappaceum and the lowest in T. resupinatum. High
Hcel content increases the daily dry matter intake in cows
and negatively affects digestibility.”»** Cel content of
clover species was determined between 18.07 and
30.38%. The highest Cel content was determined in 7.
cherleri and the lowest in T. resupinatum. Tekeli and
Ates'” determined the crude fiber contents of clover
species in a study they conducted, similar to the results
obtained in this study. DMD, DMI, RFV and NEL values
of clover species varied between 62.20 and 72.29%, 2.41
and 3.97%, 116.20 and 222.18 and 1.40 and 1.74%,
respectively. In terms of these properties, the highest
value was obtained from 7. resupinatum and the lowest
from T. cherleri species. If the RFV value calculated
based on the DMD and DMI characteristics is above 150,
the feed is said to be of the best quality.?* The DMD, DMI
and RFV values obtained from this study were similar to
the results of Giirsoy and Macit*® studying with some
pasture legumes. Therefore, it was determined that very
good quality roughage can be obtained from other clover
species except T. cherleri, T. lappaceum and T. pilulare.
In addition, 7. resupinatum was statistically significantly
separated by RFV. It was determined that the highest
energy can be obtained from 7. resupinatum in the
lactation period of dairy cows. T. resupinatum was
leading in terms of many features examined.

3. CONCLUSION

This study was carried out to compare the chemical
composition and nutritional value of some clover species,
especially grown in Mediterranean pastures. According
to the results of this study, 7. resupinatum was found to
be superior in many features. However, when the results
obtained from the study were evaluated collectively, it
was determined that 7. resupinatum and T. hybridum
offered a superior chemical composition and nutritional
value compared to other species. T. cherleri, T.
lappaceum and T. pilulare species were found to provide
lower quality roughage compared to other species. As a
result, it can be said that a pasture dominated by T.
resupinatum and T. hybridum species can provide better
quality roughage compared to other species.
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ABSTRACT

In the study, it was aimed to determine the constituents of laurel
fixed oil obtained from the different genotypes of laurel (Laurus
nobilis L.), which is one of the natural plants of the region and
which is widely found in the flora of Hatay, by traditional, cold
press and soxhlet extraction methods. When the GC/MS
analysis results of these obtained oils were examined, the main
components of the fixed oils in the traditional method were
found as capric acid (2.49%), lauric acid (1.17%), myristic acid
(0.16%), palmitic acid (13.69%), stearic acid (2.39%). ), oleic
acid(55.01%), linoleic acid (10.56%) and linolenic
acid(0.11%). In cold press method, fixed oil components was
capric acid (0.24%), lauric acid(9.24%), myristic acid(0.98%),
palmitic acid (18.41%), stearic acid (2.84%), oleic acid
(38.59%), linoleic acid (23.67%) and linolenic acid (2.19%),
while it was determined as capric acid (0.46%), lauric acid
(11.16%), myristic acid (1.54%), palmitic acid (18.39%),
stearic acid (3.58%), oleic acid (36.92%), linoleic acid
(23.02%) and linolenic acid (2.54%) in soxhlet extraction
method. As a result, while the components of laurel fixed oil
did not change according to the fixed oil extraction methods,
the amounts of these components changed. Therefore, it was
determined that the method of oil extraction in laurel was
important.

Keywords: Laurel, Lauris nobilis L., GC-MS, Hatay, aromatic.

Farkl1 yontemlerle ¢ikarilan defne (Laurus
nobilis L.) sabit yag bilesenlerindeki degisim

0z

Calismada Hatay florasinda yogun bir sekilde bulunan ve
bolgenin dogal bitkilerinden biri olan defne (Laurus nobilis L.)
genotiplerinden  geleneksel, soguk sikim ve soxhlet
ekstraksiyonu yontemleri ile elde edilen defne sabit yagi
bililesenlerinin belirlenmesi amaglanmigtir. Elde edilen bu
yaglarin GC/MS analiz sonuglari incelendiginde sabit yaglarin
ana bilesenleri geleneksel yontemde, kaprik asit (%2.49), laurik
asit(%1.17), myristic asit(%0.16), palmitik asit(%13.69),
stearik asit(%2.39), oleik asit(%55.01), linoleik asit (%10.56),
linolenik asit(%0.11), soguk preste, kaprik asit (%0.24), laurik
asit(%9.24), myristic asit(%0.98), palmitik asit(%18.41),
stearik asit(%2.84), oleik asit(%38.59), linoleik asit (%23.67)
ve linolenik asit (%2.19) ve soxhlet ekstraksiyonunda kaprik
asit (%0.46), laurik asit(%11.16), myristic asit(%1.54),
palmitik asit(%18.39), stearik asit(%3.58), oleik asit(%36.92),
linoleik asit (%23.02) ve linolenik asit (%2.54) oldugu tespit
edilmistir. Sonug olarak defne sabit yaginin bilesenleri sabit yag
cikarama yontemlerine gore degismezken bu bilesenleri
miktarlar1 degisiklik gostermistir. Bu yiizden defnede yag
¢ikarma ydnteminin dnemli oldugu tespit edilmistir.

Anahtar Kelimeler:
aromatik.

Defne, Laurus nobilis L., Hatay,

1. INTRODUCTION

From the past to present, people have used plants for
therapeutic purposes either by chance or as a result of
curiosity, in order to find a cure for diseases. In recent
years, medicinal and aromatic plants, which have created
awareness all over the world, have become an important
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focus of attention in Turkey as well. Medicinal and
aromatic plants produce active substances that provide
drugs to humans to prevent diseases, maintain health, and
treat ailments. Essential and fixed oils obtained from
leaves and fruits are used in domestic and foreign markets
rather than the direct use of bay leaves and fruits, which
have an important place in our foreign trade. Laurel and
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its products are used in many fields such as food,
medicine, cosmetics and chemistry. In addition, both
domestic and foreign trade of laurel products is
increasing recently in Turkey.!

Bay leaves has compelling features as antioxidant,
antiseptic, antibacterial, anti-inflammatory,
anticonvulsant, antifungal, analgesic, diaphoretic, anti-
migraine, relieving stomach ailments and treating
diabetes. In addition, It has been shown in many studies
that the laurel plant is also good for diseases such as
weakness, indigestion, insomnia, menstrual irregularities
and rheumatism.”® The fixed oil extracted from the
anthocyanin fruit of the laurel is used in cosmetic
medicine and food industries. It is also considered as a
natural dyestuff.!’'® The origin of the laurel plant is the
Mediterranean countries according to some references
while in some references its orgin is Minor Asia
(Anatolia) and Balkans. Our country is very suitable for
the cultivation of many cultural plants in terms of
climatic conditions, in addition, the rugged topography
contributed to the crop aroma, taste, quality and yield
characteristics of plants."*'” There are 45 genera and
1000 species in the Lauraceae family. There are 2 species
belonging to the genus Laurus and they are L. nobilis and
L. angustifolia and L. angustifolia has 4 subspecies.'®”!

Turkey is a country with a significant potential to meet
the demand for laurel oil production and its products.
Laurel fruit oil is commonly produced in Hatay and
exported abroad, either directly as oil or to be used in
soap making. 20% of the production of laurel berry oil,
which contains some volatile components and is called
fixed oil and used in the soap industry.'??

Hafizoglu and Reunanen®® stated that there are more than
20 fatty acids in laurel fruits and the main components
are lauric acid (54.2%), oleic acid (15.1%) and linoleic
acid (17.2%). Ayanoglu and co-workers** determined
that average value of lauric acid was 16.57%, palmitic
acid was 18.57%, oleic acid was 38.08%, and linoleic
acid was 23.90% in the fruits of 145 female laurel plants
collected from different locations in Hatay. Beis and
Dunford?® used supercritical and petroleum ether extracts
of laurel fruit oils obtained from Turkey, and the main
components were found as lauric acid (43.1-44.8%),
oleic acid (37.2 — 37.3%) and linoleic acid (14.7%-
13.3%). On the other hand, Yazic1 (2002) determined that
components of laurel fixed oil extracted using hexane as
a solvent were lauric acid (12.31-14.96%), oleic acid
(44.12-45.90%), linoleic acid (21.97-23.05%) and
palmitic acid (14.39-14.86%) . The researcher also
reported that as the altitude increases in the region, the
ratio of saturated fatty acids decreased, while the ratio of
unsaturated fatty acids increased. Timur’® determined
that laurel fixed oil components were 8.5-13.0% for
lauric acid, 13.1-20.8% for palmitic acid, 36.3-48.3% for
oleic acid and 52.8-29.9 for linoleic acid. Castilho and
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co-workers?’ reported that laurel fruit contains 30% oleic
acid, 20% linoleic acid, 18% lauric acid to 22.5%
palmitic acid and 84% f-sterol. In a study conducted by
Erden 2%, laurel fruits were harvested every week from
October to December and dried in the sun to extract the
oil by soxallet extraction method. Petroleum ether was
used as solvent in this study, and the highest oil yield was
obtained at the end of December with 25.55%
(mass/mass). Nurbas and Bal*’ investigated the effects of
hexane, petroleum ether, carbon sulfide and benzene
used as solvents on the efficiency of the soxallet
extraction method in oil extraction from laurel fruit. In
the trials, used hexane as solvent has the highest
efficiency value with 32.12% fixed oil rate. Koger and
Ayanoglu’ determined that the main components of fruit
and seed fixed oils of laurel found as lauric acid, oleic
acid, palmitic acid and linoleic acid. They reported that
lauric acid was not found in fruit flesh.

2. MATERIALS AND METHODS

In this study, fruit fixed oil of laurel genotypes was
extracted by traditional, cold pressing and soxhlet
extraction methods. The traditional method was made
according to the boiling method performed by the region
villagers. For the cold pressing and extraction method,
laurel fruits were firstly dried in an oven at 70 °C. In the
study, the extraction method is based on the principle of
removing the solvent as a result of the extraction of the
sample with solvent (hexane) and weighing the
remaining residue (fixed oil). The laurel fruits, which
were dried in an oven, were ground by a grinder and 5 g
of sample was used in the extraction method. Hexane was
used as the solvent in the extraction method. At the end
of the extraction, the beaker containing oil was taken and
kept in an oven set at 80 °C for 1 hour.**!

100 pl of oils obtained from laurel fruits were taken, 3 ml
of N-Heptane and 400 pl of 2N methanolic KOH solution
were added and esterification was applied, and the
components of the oils were analyzed by GC/MS.
Determination of fixed oil components was performed
with Thermo Scientific ISQ Single Quadrupole model
gas chromatography device under the following
conditions. TR-FAME MS model, 5% Phenyl
Polysilphenylene-silohexane, 0.25 mm inner diameter x
60 m length, 0.25 pm film thickness was used. Helium
(99.9%) was used as the carrier gas at a flow rate of 1
mL/min. The ionization energy was set to 70 eV, the
mass range m/z 1.2-1200 amu. Scan mode was used for
data collection. The MS transfer line temperature was
250°C, the MS ionization temperature was 220°C, the
injection port temperature was 220°C, the column
temperature was initially 120°C and kept there for 1 min.
It was increased to 175 °C by increasing 10 °C per minute
and kept there for 10 minutes. It was increased to 210 oC
by increasing 5 °C per minute and kept there for 5
minutes. Then, it was increased to 230 °C by increasing
5 °C per minute, and the analysis was concluded by
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keeping it here for 6 minutes. The total analysis time is
38.5 minutes. The structure of each compound was
defined using the Xcalibur program using mass spectra
(Wiley 9).*?

3. RESULTS AND DISCUSSION
3.1. Traditional Method

When the fatty acid components of the oils extracted by
the traditional boiling method from the laurel fruits
(seeds) by the villagers living in Hatay were examined, 8
main components were determined (Table 1). The
chromatogram of these components is shown in Figure 1.
The highest value among these components was found as
oleic acid with a rate of 55.01%. Also, other components
were determined as palmitic acid (13.69%), linoleic acid
(10.56%), capric acid (2.49%), stearic acid (2.39%),
lauric acid (1.17%), myristic acid (0.16%) and linolenic
acid (0.11%).
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100 7.84E8
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Defne_gele
E| neksel_yag
L _eldesi

Relative Abundance

13.24
2052

28.20
2324 2637

6.72
81240 1017 s )k TR
0 5 10 15 20 25 30 35

Time (min)

Figure. 1. Laurus nobilis L. (Laurel) fixed oil chromatogram
obtained by traditional method.

Table 1. Laurus nobilis L. (Laurel) fixed oil components and
values obtained by traditional method.

RT Compound Name CAS 1?(;31
6:72  Kaprik asit, C10 110-42-9 2.49
8:10  Laurik asit, C12 111-82-0 1.17
10:17  Myristic asit, C14 124-10-7 0.16
13:24  Palmitik asit, C16 112-39-0 13.69
18:01  Stearik asit, C18:0 112-61-8 2.39
19:01 Oleik asit, C18:1 112-62-9  55.01
20:52 Linoleik asit C18:2 112-63-0 10.56
22:20 Linolenik asit, C18:3 301-00-8 0.11

Asseenin Table 1, Laurel fixed oil components and their
quantities were similar to literature reports.>*2% In
addition fixed oil component quantities was different
from each other. The reason for this may be that lauric
acid is found in the fruit seed, as stated in previous
studies, and that the fixed oil in the fruit seed cannot be
completely removed in the traditional method.
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3.2. Cold Press method

When the fatty acid components of the oils extraced from
laurel fruits by cold pressing method were examined, 8
main components were determined (Table3). The
chromatogram results of these components is shown in
Figure 3. The highest value among these components was
found as oleic acid with a rate of 38.59% similar to the
traditional method. However, oleic acid ration in cold
pressing method was lower than traditional method.
Other main components in cold pressing method were
determined as linoleic acid (23.67%), palmitic acid
(18.41%), lauric acid (9.54%), stearic acid (2.84%),
linolenic acid (2.19%), myristic acid (0.98%) and capric
acid (0.24%). In cold pressing method, some components
were lower than traditional method while some
components was higher.

RT: 0.00-38.52 SM: 9G
19.17 NL
1005 22588
3 Tic Ms
Defne_sogu|
El K_pres_yag
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Time (min)

2636 30.84
= o

Figure 2. Laurus nobilis L. (Laurel) fixed oil chromatogram
obtained by cold press method.

Table 2. Laurus nobilis L. (Laurel) fixed oil components and
values obtained by cold press method.

RT Compound Name CAS ?:Z )a
6:55  Kaprik asit, C10 110-42-9 0.24
8:10  Laurik asit, C12 111-82-0 9.54
10:16 Myristic asit, C14 124-10-7 0.98
13:31 Palmitik asit, C16 112-39-0 18.41
18:06 Stearik asit, C18:0 112-61-8 2.84
19:16  Oleik asit, C18:1 112-62-9 38.59
20:63 Linoleik asit C18:2 112-63-0 23.67
22:21 Linolenik asit, C18:3 301-00-8 2.19

Asseen in Table 2, laurel fixed oil extracted by cold press
method was similar to some research findings.”**"*® On
the other hand, component quatities were different from
each other. The difference in the amounts of the
components can be attributed to both plant genetic
structures and climatic conditions.

3.3. Soxhlet extraction

When the fatty acid components of the oils extracted
from the laurel berries were examined, 8 main
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components were found (Table3). The chromatogram
results of these components are shown in Figure 3. The
highest value among these components was found as
oleic acid with a rate of 36.92% similar to the traditional
and extraction methods. But, oleic acid value changed
according to the methods. Other main components were
determined as linoleic acid (23.02%), palmitic acid
(18.39%), lauric acid (11.16%), stearic acid (3.58%),
linolenic acid (2.54%), myristic acid (1.54%) and capric
acid (0.46%).
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Figure 3. Fixed oil chromatogram of Laurus nobilis L. (Laurel)
obtained by soxhlet extraction method.

Table 3. Laurus nobilis L. (Laurel) fixed oil components and
values obtained from soxhlet extraction.

RT Compound Name CAS 1?;:;1
6:55 Kaprik asit, C10 110-42-9 0.46
8:11 Laurik asit, C12 111-82-0 11.16
10:17 Myristic asit, C14 124-10-7 1.54
13:36 Palmitik asit, C16 112-39-0 18.39
18:12 Stearik asit, C18:0 112-61-8 3.58
19:22 Oleik asit, C18:1 112-62-9  36.92
20:69 Linoleik asit C18:2 112-63-0  23.02
22:23 Linolenik asit, C18:3 301-00-8 2.54

As seen in Table 3, laurel fixed oil components were
similar to literature reports®*3-2® and component quatities
were different from each other. The difference in the
amounts of the components can be attributed to both
plant genetic structures and climatic conditions.

4. CONCLUSION

When the GC/MS analysis results of traditional cold
pressing and soxhlet extraction methods are examined,
the main components of fixed oils were determined as
capric acid (2.49-0.24-0.46%, respectively), lauric acid
(1.17-9.54-11.16%, respectively), myristic acid (0.16-
0.98-1.54%, respectively), palmitic acid (13.69-18.41-
18.39%, respectively), stearic acid (2.39-2.84-3.58%,

respectively), oleic  acid  (55.01-38-59-36.92%,
respectively), linoleic acid  (10.56-23.67-23.02%,
respectively),  linolenic  acid  (0.11-2.19-2.54%,
respectively).
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When these results were investigated, it was seen that the
amount of lauric acid was less and the amount of oleic
acid was higher in the traditional method compared to the
other methods. The reason for this is thought to be due to
the absence of lauric acid in the fruit flesh and for this
reason, not all of the fixed oil in the fruit could be
extracted with the traditional method. Since the laurel
plant is not cultivated, the production of standard raw
materials from this plant is restricted. In addition,
unconscious harvesting and excessive slaughter also lead
to the destruction of genetic resources.

The production of laurel, which is an important export
product, should be increased and its planting should be
encouraged for a quality production. Especially in the
new afforestation areas, the laurel plant should be
emphasized in the re-establishment of the degraded and
burned forest areas. In the new agricultural facilities to be
established for the production of laurel oil and laurel
leaves, as well as in the reforestation of forest areas,
plantings should be made with selected, high-quality
types, and laurel leaf production.
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ABSTRACT

High-priced coating devices limit producing electronic devices
and circuit applications widely in laboratories. Simply In this
study spin coating technique was used to create surface thin
films. Also with this method, an OLED (Organic Light Emitting
Diode) device was practically produced. OLED device includes
mainly HTL (hole transfer layer), fluorescent layer (light-
emitting layer), and an ETL (electron transfer layer). Light-
emitting layers in OLED experimental studies are frequently
done with commercially produced expensive fluorescence
polymers. As an example, MEH-PPV (Poly[2-methoxy-5-(2’-
ethyl-hexoxy)-1,4-phenylenevinylene]), Alq3 (Tris-(8-
hydroxyquinolinato) aluminum) are mostly known and used
fluorescent semiconductor polymers. Alternative to these
fluorescent polymers, three different produced quinoline ligand
products has fluorescent feature were evaluated. After
comparing the fluorescence yields of the produced three
complexes, it was seen that 5,7-dibromo-8-hydroxyquinoline
has the highest fluorescent response from the others. OLED
device production was done with a commercial MEH-PPV
(commercial) fluorescent product, and produced (5,7-dibromo-
8-hydroxyquinoline). Designed OLED device illumination
spectrum was found in the UV (ultraviolet) region. It was
concluded that this quoniline product can use as a fluorescent
material to produce an OLED device.

Keywords: thin film, OLED, fluorescence,
hydroxyquinoline.

uv, 8-

Floresans dzelliklere sahip kinolin tiirevi
kullanilarak organik 1s1k yayan diyot {iretimi

0z

Bu ¢alismada 151k yayan diyot tiretimi i¢in spin kaplama teknigi
kullanilarak yiizeyde ince filmler olusturulmustur. Bu yontemle
pratik olarak bir OLED (Organik Istk Yayan Diyot) cihazi
tiretilmistir. OLED cihazi temel olarak HTL (delik transfer
katmani), floresan katmani (151k yayan katman) ve bir ETL
(elektron transfer katmani) igerir. OLED  deneysel
calismalarinda 151k yayan tabakalar genellikle ticari olarak
tiretilen fiyatlart yiiksek olan, floresans oOzelliklere sahip
polimerler kullanilarak yapilir. Bu floresan ozelliklere sahip
yariiletken polimerlere alternatif olarak iiretilen ve floresan
ozelligine sahip kinolin ligand iiriinii incelenmistir. Uretilen iig
kinolin kompleksinin floresan verimleri karsilastirildiktan
sonra 5,7-dibromo-8-hidroksikinolin {irliniiniin  diger iki
sentezlenen triinden daha yiiksek floresan tepkisine sahip
oldugu gortilmistiir. OLED cihaz iiretimi i¢in sentezlenen bu
floresan ozellikli kinolin tirevi (5,7-dibromo-8-
hidroksikinolin) ve MEH-PPV (ticari) floresans 6zellikli tirtin
kullanilmigtir.  Tasarlanan OLED cihazinin  aydinlatma
spektrumu UV (ultraviyole) bolgesinde oldugu goriilmiistiir.
Bu c¢alisma sonucunda ince film kaplama ile OLED
iretilebilecegi goriilmiistiir. Ayrica iiretilmis kinolin tiirevinin
bir OLED cihazi iiretmek i¢in floresan ara katman malzemesi
olarak da kullanilabilecegi sonucuna varilmustir.

Anahtar Kelimeler: ince film, OLED, floresans, UV, 8-
hidroksikinolin.

1. INTRODUCTION

The development of semiconductor polymer-based
products has significant application potential in the
scientific and industrial fields. This technology finds
application areas from the production of optoelectronics
based organic light-emitting diodes, mobile phone
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screens, new-generation high-resolution television
screens to the photovoltaic cells that generate electricity
with solar energy. After the 2000 years of discovering
and developing the conductive polymers,' innovative
studies were increased on organic electronics particularly
the semiconducting polymers that were used in
optoelectronic devices; such as organic light-emitting
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diodes (OLEDs) and organic photovoltaic cells (OPVs).
A luminescent layer between the anode ITO (indium tin
oxide) coated glass) and the cathode (aluminum, Ga-In-
Eu alloys) forms an OLED device. Applying a voltage
(3V to 15V) between anode and cathode would give a
characteristic light. Light spectrum isdirectly with
luminescent material's bandgap. A band model can be
used to describe the OLEDs working principle. When a
potential difference is applied between the anode and the
cathode; molecules would electrically be transferred into
an excited state. In OLED device this excited state would
return to the ground state by illumination. The color of
the emitted light is determined by the scale of energy gap
(Eg) between the HOMO (highest occupied molecule
orbital) and LUMO (lowest unoccupied molecule orbital)
levels. Photochemical basics of luminescence were
explained in the literatiire.>* For the emission of light
electric potential must drift charges through the coated
polymer layers.

When the band structure is investigated; firstly electrons
are injected into the LUMO of molecules close to the
cathode and holes are injected into the HOMO of
molecules close to the anode. For this process, it is
crucial, that the Fermi levels of the electrodes fit well to
the energy levels of the polymer layer. Also, intimate
contact between all layers is necessary for charge
transport. Injected charges drift through the polymer
layer from molecule to molecule in opposite directions.
These hopping processes are necessary because there are
energetic barriers between the molecules, which the
electrons have to overcome for an efficient current flow.*
For the emission of light, a thin layer of the
electroluminescent polymer has to be placed in a diode
between a transparent ITO anode (indium tin oxide) and
a low work function metal cathode. Polymer-based new
generation semiconductors can be used instead of high-
priced commercially used electro-optic materials such as
gallium arsenide (GaAs), cadmium telluride (CdTe), and
CdSe (Cadmium Selenide).* The development of new
organic-based materials will also contribute greatly to the
development of electro-optical device technology and
sensor technology.’ For this purpose in this study
hydroxyquinoline derivative materials were produced.
Synthesized material was used to make an OLED device.

When 8-hydroxyquinoline (8-HQ) complex evaluated it
would be seen that, it has got large application fields from
medical usage to chemical process applications.® 8-
Hydroxyquinoline (8-HQ), an important quinoline
derivative known as oxine, has been used as a fungicide
in agriculture and a preservative in the textile, wood, and
paper industries.” 8-HQ possesses potent coordinating
ability and good metal recognition properties, which
means it is widely used for analytical and separation
purposes as well as for metal chelation.® Its aluminium
complex is a common component of organic light-
emitting diodes (OLEDs).

173

Variations in the substituents on the quinoline rings effect
its luminescence properties.” In the photochemically
induced excited-state ionic isomers are formed in which
the hydrogen atom is transferred from oxygen to
nitrogen.!” The complexes as well as the heterocycle
itself exhibit antiseptic, disinfectant, and pesticide
properties'' functioning as a transcription inhibitor. On
the other hand, 5,7-dibromo-8-hydroxyquinoline has
effective antibacterial, antiprotozoal, antiamoebic,
antifungal, bacteriostatic and fungistatic activities,
particularly used in treating the intestinal amebiasis.'* As
well as its pharmaceutical importance, 5,7-dibromo-8-
hydroxyquinoline is also used in spectrophotometric
study and solvent extraction proces.'?

By this article a preliminary study was described which
was performed using organic fluorescence coated
surfaces. Synthesized 5,7-dibromo-8-hydroxyquinoline,
has shown good fluorescence properties. It was seen that
this quoniline product can be used successfully in
semiconductor diode device production, after coated as a
thin film.

2. MATERIALS AND METHODS

High luminescence efficiency fluorescent products such
as MEH-PPV (Poly[2-methoxy-5-(2-ethylhexyloxy)-
1,4-phenylenevinylene]), Alg3 (tris-(8-
hydroxyquinoline)aluminum)) materials are widely used
as an efficient luminescent layer material. In this
comparison, OLED device with MEH-PPV product over
the PEDOT-PSS ((Poly (3, 4-ethylenedioxythiophene):
polystyrene sulfonate) hole transfer layer was also
produced. Basically, the OLED circuit is produced over
a glass substrate, the ITO (indium tin oxide) layer serves
as an anode and there is a luminescent fluorescence
coated material over it it, at last layer lithium floriir (LiF)
the electron transfer layer coated to increase the device
luminescence efficiency. The lithium fluoride layer is an
electron transfer layer. This thin layer was coated by
dropping the LiF—water (0.7 mg/100 mL) solution over
the surface and evaporating the water ingredient from the
surface in a 70 degree heated incubator for one hour.
Finally negative electrical connection was attached over
the electron transfer layer. Gallium Indium Eutectic,
known as wood metal (at liquid form), is used as the
cathode connection contact, which facilitates to use over
glass surface layer (Figure 1c).

2.1 Chemicals and reagents

MEH-PPV, "Poly[2-methoxy-5-(2-ethylhexyloxy)-1,4-
phenylenevinylene" was purchased from Sigma-Aldrich,
MEH-PPV which has got 2.3 eV band gap, average
molecular ~ weight is  between  40,000-70,000.
Fluorescence wavelength is between 493 nm and 554 nm.
Orbital energy HOMO is-5.3 eV and LUMO is -3 eV.
Electron transfer layer LiF with 99.995% purity was
purchased from Sigma-Aldrich. Poly(3.4-



Int. J. Chem. Technol. 2021, 5 (2), 172-177

DOI: http://dx.doi.org/10.32571/ijct.1011529

Dogan and co-workers

E-ISSN: 2602-277X

ethylenedioxythiophene) polystyrene sulfonate
(PEDOT-PSS) is a widely used (HTL: Hole Transfer
Layer) conductive polymer (3-4)% in water. It is widely
used in sensor and OLED production stages. This product
was also purchased from Sigma-Aldrich. ITO (indium tin
oxide) coated glasses with 10 ohm /cm surface resistivity
was also used for anode main substrate part, which
purchased from Sigma-Aldrich. Liquid metal (Gallium-
Indium eutectic, Sigma-Aldrich) was also used for
cathode electrical contact connections to work OLED

device.

Figure 1. Pictures of the spin coated 5,7 dibromo-8-
hydroxyquinoline over PEDOT-PSS, ITO glass taken under
500 a) and 150 b) magnifications are shown.

2.2 Preperation of quinoline derivatives

1,2,3,4-tetrahydroquinoline-6,8-dicarbonitrile was
synthesized via nucleophilic substitution reactions
reported by previous related publications.'* 'S The 5,7
dibromo-8-hydroxyquinoline was prepared according to
literature reports isolated compounds were fully
characterized with melting point, elemental analysis, FT-
IR, 'H, 13C, HMBC and HETCOR spectroscopy in these
paper.'>!®  Also, 8-nitroquinoline was purchased
commercially from Sigma Aldrich.
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EXPERIMENTAL STAGES OF
ORGANIC LIGHT EMITTING

DIODE PRODUCTION cleaning the surface
I
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Fluorescent layer

<=

HTL || PEDOT-PSS

Spin coating of fluorescent layer TS

=)

&

Drying the surfaces at 70 degree celcius in incubator ETL LIF layer

Fluorescent layer

pu

Instillation of LiF solution over surface PEDOT-PSS
ITO coated layer

-

Drying the surfaces at 70 degree celcius in incubator

LiF layer

<
+1
F'

Fluorescent layer

Testing the OLED device PEDOT-PSS

ITO coated layer

Explanation: HTL is hole transfer layer, ETL is electron transfer layer

Figure 2. Experimental stages of OLED device production
and explanations, ladder type coating prevents short circuit.
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Figure 3. a) OLED device produced by MEH-PPV with
luminescence light b) OLED diode circuit made with
synthesized 5,7 dibromo-8-hydroxyquinoline and its operation
¢) 5,7-dibromo-8-hydroxyquinoline OLED device illumination
spectrum.

3. RESULTS AND DISCUSSION
3.1 Chemistry

Quinoline derivatives, determined of their photophysical
properties were prepared in recent papers. In brief, 5,7-
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dibromo-8-hydroxyquinoline (c¢) Figure 4 was obtained
by treatment of 8-hydroxyquinoline and molecular
bromine in ionic reaction conditions.® As seen in Figure
4;  6,8-dicyano-1,2,3 4-tetrahydroquinoline (a) was
synthesized by SnAr reactions in reflux temperature.

3.2 OLED device production

Organic light emitting device experimental sequences
were explained in Figure 2. At first stage all surfaces
must be cleaned; surfaces were cleaned with acetone and
dried in incubator. Coatings were done using a ladder
type passing and coating to prevent short circuit between
all previous and subsequent layers. Spin coating device
was designed with an 12 volt working fan. At second
experimental stage PEDOT-PSS polymer layer was spin
coated and dried in incubator at 70 degree celcius. At
third stage fluorescent layer was coated with spin
coating. After drying surfaces at 70 degree celcius LiF
layer was coated. LiF is soluble in water this solution was
dropped over the fluorescent layer and dried in incubator
at 70 degree celcius. After all coatings completed, OLED
device was tested and photographed (Figure 3).

When the surface resistance is measured with a
multimeter device, it is seen that the bare resistance of the
surface with just ITO (indium tin oxide) coated glass is
36 ohm/cm. An home made spin coating device was used
for thin film coating over ITO glass surfaces. After the
spin-coating of organic quinoline material; surface
coating resistance was measured and found as 40
ohm/cm.With the spin coating system application, the
homogenous surface coating was achieved. The new
coating system was provided a 46 ohm/cm surface
resistance on the glass. The surface coating was also
examined with the SEM (JEOL-3010) electron
microscope system. (Figure la, b) Unlike commercial
OLED polymers, the newly synthesized 5,7-dibromo-8-
hydroxyquinoline (c) was prepared by reaction of 8-
hydroxyquinoline with 2 equivalent moles of Br, under
mild conditions.® Also final product 5,7-dibromo-8-
hydroxyquinoline solution was prepared with chloroform
solvent to coat surfaces. As an OLED substrate; ITO
(indium tin oxide) coated glasses were used. PEDOT-
PSS second coated layer was used as a hole transfer layer.
As the third layer 5,7-dibromo-8-hydroxyquinoline layer
was coated over the PEDOT-PSS layer. When the device
was completed as explained; for as a test contact to which
the negative voltage (cathode) will be given, the circuit
was completed and operated with a smooth surfaced
aluminum metal surface on the 5,7-dibromo-8-
hydroxyquinoline  fluorescent layer material. In
subsequent tests, it was noticed that the surface should
not be scratched. Instead of the aluminum cathode; Ga-
In-Eu (wood metal - this is in liquid form) is used to
prevent deterioration of the coating. Since this material,
which is a liquid metal like mercury, cannot be held by a
hand, a pit is formed over the circuit boards in the form
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of a cavity, and wood metal was placed in it. With this
setup on copper, the negative voltage was given over
from Ga-In-Eu metal and positive voltage was given over
the anode ITO layer. Three different compounds were
produced for OLED purposes. These compounds are 6,8-
dicyano-1,2,3,4-tetrahydroquinoline (Figure 4a), 8-
nitroquinoline (Figure 4b) and another is 5,7-dibromo-8-
hydroxyquinoline (Figure 4c).

NC

ﬂ N Br
N NO, H

a b Cc

1,2,34-tetranydroquinoline- 8-nitroquinoline 5,7-dibroma-8-hydroxyquincling
6,8-dicarbanitrile (5,7-dibromoquinolin-8-ol)

Figure 4. Main structures of substituted quinoline derivatives.
Flouresans yield of synthesized three heterocyclic organic
ligand substances was compared for production of OLED.

The fluorescence properties of these produced products
were examined with a Hitachi-7000 spectro fluorometer
device. The experimental parameters used for the
measurement are High voltage 900V, scan speed 60 nm /
min, Ex-slit 5 nm and Em-slit 5 nm. Fluorescence
measurement were found between the 575 nm to 593 nm
wavelengths in all three samples. The phosphorescence
material named 1,2,3,4-tetrahydroquinoline-6,8-
dicarbonitrile (a), the second sample, showed slightly
more phosphorus property than the 8-nitroquinoline (b).
The first sample had a peak at height of 6300 (arbitrary
units) while the second sample showed a phosphorus
signal at 7300 (arbitrary units) level. The third sample
phosphorus signal peak height exceeded the 10000 limit
level in the same measurement parameters, and the Ex-
slit and Em-slit setting were reduced from 5 nm to 2.5
nm. In this way, the phosphorus radiation completely
measured with the photomultiplier tube of the Hitachi
7000 system. Signal numerical value was reduced and the
measurement signal at 1700 was found. The third
example 5,7-dibromo-8-hydroxyquinoline (c¢) with the
highest luminescence property of these produced samples
was used to made an OLED device.

The phosphorescence peaks of all three produced
products are shown in Figure 5 above. The experimental
parameters used are High voltage: 700V, Ex -slit =5 nm,
Em-slit = 5 nm, scan speed 60 nm / min. It showed
fluorescence in all three materials produced. In 5,7
dibromo-8-hydroxyquinolin sample, the fluorescence
spectrum taken between 580 nm and 620 nm was at the
highest level (Figure 4). By creating an OLED circuit
with this material, it was desired to see the glow of the
luminescence led circuit. Prior to this study, the OLED
circuit was created using the material Poly [2-methoxy-
5- (2-ethylhexyloxy) -1,4-phenylenevinylene], which
was commercially available from Sigma-Aldrich, and
operated by oled.
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Figure 5. Fluorescence measurement peaks of polymer materials produced a) 8-nitroquinoline (b), b) 1,2,3,4-tetrahydroquinoline-
6,8-dicarbonitrile (a), c) 5,7-dibromo-8-hydroxyquinoline (c).
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Luminescent light was taken with MEH-PPV product in
Figure 4a. This luminescence light worked optimally at
12-13Volt values. When the value of 15Volt is reached,
the OLED circuit is broken. Bare ITO surface resistance
value is around 10 ohm / cm. After spin coating process
over the surface coating was controlled relating the
electrical resistance. The electrical conductivity of the
5,7-dibromo-8-hydroxyquinoline coated surface was
measured with a multimeter. Surface conductivity was
changed between 46 ohm / cm and 40 ohm / cm values
over the surfaces. 5,7-dibromo-8-hydroxyquinoline
OLED device has opened and experimental picture was
showed in Figure 4b. OLED diode light response was
defined in the UV (ultraviolet) region and recorded with
HITACHI 7000 spectrofluorometer. (Figure 4c).
Nowadays similar UV light sources production are
necessary to simulate degradation of materials after sun

GXIZ)OSUI'C.]7

4. CONCLUSION

The OLED circuit has also been successfully run. It was
seen that surfaces of coated layers are very sensitive to
deterioration. Scratching the surface in OLED circuits
can cause damaging of the thin coated surfaces and the
circuit would not to work. Therefore, taking electrical
contact with liquid metals such as Gallium or Gallium
Indium Eutectic will also ensure that the circuit is tested
without deterioration. Crystal and polymer applications
for new generation OLED coating would give the way for
applications to be made with these devices as sensors.
This preliminary study has shown that the OLED device
can produce with limited laboratory equipments. The
production of electronic components with high purity
semiconductors using p and n type silicon wafers, thin-
film  coating systems and lithography-based
manufacturing techniques require laboratories and
production facilities with very high costs today. With
polymer coating and using spin coating systems; device
production would be easier. High school and university
students would have an opportunity to produce electronic
devices with the way explained, also using the practical
coating techniques explained in this study. Also known
or synthesized luminescent materials can be investigated
by these methods even within limited laboratory
equipments or devices.
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