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ABSTRACT

Thermophilic bacteria have been isolated from man-made thermal habitats and natural thermal habitats.
Brevibacillus agri D505b was isolated from the geothermal region in Turkey. Thermophilic bacilli can
form biofilm in areas such as dairy manufacturing plants, water systems, paper-machine, and can create
serious problem due to their spore-forming. Therefore, determining the biofilm-forming properties of
these bacteria is very significant for the areas. The aim of this study was to determine the effect of
environmental conditions on planktonic growth and biofilm formation, the concentrations of protein,
carbohydrate, and extracellular DNA (eDNA) from extracellular polymeric substances (EPSs), and the
effects of DNase I, RNase A and proteinase K on eDNA in the biofilm matrix of the isolate. As a result,
optimal values of the isolate for planktonic growth and biofilm formation were determined as pH 7.0,
1% NaCl, 50°C, and pH 9.0, 0% NaCl, 45°C, respectively. Genomic DNA (gDNA) and eDNA were
isolated, then were treated with DNase |, RNase A and proteinase K. The gDNA was only all degraded
by DNase I. However, eDNA was not affected by DNase I, RNase A and proteinase K. Moreover,
eDNA was determined to be resistant to all the enzymes tested in this study. The eDNA might be
protected by EPS components and/or extracellular membrane vesicles (EVs) structures. In addition, the
molecular weights of the gDNA and eDNA were calculated larger than 20 kb. Thus, the presence of
eDNA in the biofilm matrix of B. agri was confirmed with agarose gel imaging and spectrophotometric
analysis.

Keywords: Brevibacillus agri D505b, Biofilm formation, Extracellular DNA.

1. INTRODUCTION

The Gram-positive spore-forming genus Bacillus occurs in a wide range of environments, from soil to
food and dairy processing surfaces [1]. Bacillus spp. spores are often present in raw milk, playing a
significant role in the bacterial impairment of milk and milk products. Several spore-forming species
have been isolated on dairy farms so far [2]. Zhao et al. [3] identified thermophilic spore-forming
bacteria such as Brevibacillus spp., Anoxybacillus spp., and Geobacillus spp. in the dairy industry. In
another study, Liicking et al. [4] identified spore-forming bacteria in dairy products, including
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Brevibacillus agri, Bacillus pumilus, and Anoxybacillus flavithermus. Moreover, Brevibacillus sp. was
isolated from soil by Vivas et al. [5].

The contamination of industrial plants and products with spore-forming bacteria is a common problem
[6]. Spore-forming bacteria have been shown to sporulate within single- and multiple-species biofilms
and to release these immensely stress-resistant spores, thus increasing the risk of cross-contamination of
food [7]. Paperboard and food-packaging paper primarily contain spore-forming bacteria belonging to
the genera Bacillus, Paenibacillus, and Brevibacillus as contaminants [8]. In addition, Pereira and
Sant’Ana [9] investigated spore-forming bacteria in raw materials such as sugar, cocoa, starch, and milk
powder. These raw materials are contaminated by spore-forming bacteria and are significant for the
quality of final products. Furthermore, spores of Bacillus species prevalently contaminate the food.
Dried foods such as cereal and milk powders are frequently contaminated with spores and when water is
present, these spores can germinate, leading to spoilage or food poisoning [10]. Moreover, aerobic
spore-forming bacteria have serious impacts on food quality and safety, so the bacteria are a potential
cause of disease [11]. B. agri has been associated with human infections [12]. Ogarkov et al. [13]
showed that in the final late stages of chronic tuberculosis, samples obtained from patients contained
strains of various species of Bacillus spp. and Brevibacillus spp. In addition, B. agri was isolated in
association with an outbreak of waterborne illness. In a study, Logan et al. [14] identified B. agri from
clinical, dairy, and industrial specimens (gelatin processing plant, antibiotic fermenter, sterilized milk),
and 3 strains were associated with the outbreak of waterborne illness.

In our previous studies, we carried out the experiments including biofilm formation on six abiotic
surfaces stainless steel, glass, polyvinyl chloride, polypropylene, polystyrene, and polycarbonate) used
in industry and biofilm control with sanitation agents of B. agri D505b. We determined that the isolate
was a strong biofilm producer [15] and [16]. The objective of this work was to determine the effect of
environmental conditions on planktonic growth and biofilm formation, the concentrations of protein,
carbohydrate, and eDNA from EPSs and the effects of DNase |, RNase A and proteinase K enzymes on
B. agri D505b biofilms. eDNA is a major structural component of many bacteria. Enzymatic
deterioration of eDNA can weaken the biofilm structure and release microbial cells from the surface.
DNases could evidence a potent strategy for biofilm control [17].

2. MATERIAL AND METHODS

2.1. Culture Conditions of the Isolate

The endospore-forming, aerobic and facultative thermophilic B. agri D505b was isolated from sediment
sample in the hot spring (Dikili, Izmir, Turkey). We used the isolate, which was previously isolated in
our lab, to study its biofilm properties. The 16S rRNA gene of the isolate was registered with GenBank
Accession Number FJ430048 [18]. The isolate was first cultured in Tryptic Soy Agar (TSA, Merck,
Germany) at 55°C for 18 h and was subsequently incubated in Tryptic Soy Broth (TSB, Merck,
Germany) for 18 h at 55°C in a shaking incubator (170 rpm). The culture was again incubated in TSB at
55°C for 6 h under shaking. All biofilm assays were carried out with a culture that was 6 h old in the
mid-exponential growth phase.

2.2. The Effects of Environmental Conditions on Planktonic Growth and Biofilm Formation

The effects of pH (4.0, 5.0, 6.0, 6.5, 7.0, 7.5, 8.0, 8.5, 9.0), salinity (0.0, 1.0, 1.5, 2.0, 2.5, 3.0, 3.5,
4.0%), and temperature (37, 40, 45, 50°C) on planktonic growth and biofilm formation were determined
in 96-well polystyrene microtiter plates (LP, Italy) spectrophotometrically (OD 595 nm) for 0, 6, 18, 24,
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and 48 h in TSB. In addition, the crystal violet (CV) staining method was applied for optimal biofilm
growth assay at the end of 48 h of incubation. For the pH adjust, NaOH and HCI solutions were used. In
this study, we first-time determined optimal biofilm values, and the values were used in all experiments.

2.3. Quantification of Biofilm Formation with Crystal Violet in Microtiter Plates

This assay was carried out using the CV staining assay described by Woodward et al. [19] and
Stepanovi¢ et al. [20] with a few changes. To the wells of 96-well polystyrene microtiter plates were
added 90 pL of TSB without NaCl and 10 pL of bacterium culture. The plates were washed two times
with physiological saline at the end of 48 h of incubation; thus, planktonic cells were removed. The
remaining adhered cells were fixed with 95% methanol (Merck, Germany) and were incubated at 22°C
temperature for 15 min. Then the wells were stained with 1% crystal violet dye (Merck, Germany) at
22°C for 30 min. Then, the plates were washed under running tap water to remove residues of stain and
were air-dried. Afterward, the dye bound to the biofilm cells was dissolved with ethanol:acetone
(Merck, Germany), and the amount of biofilm was measured at an optical density (OD) of 595 nm using
a microplate reader (BioTek Elisa reader, pQuant, Biotek Inc., USA). The negative controls contained
only TSB.

2.4. The Determination of Concentrations of Protein, Carbohydrate, and eDNA

The D505b isolate was grown at its optimal conditions on TSA plates for 18 h and 0.1 g of bacterium
biomass was collected with sterile plastic loops. The biomass was entirely disintegrated by vortexing at
maximum speed for 2 min in 2 mL of physiological saline, containing glass bead (diameter 3 mm).
After vortexing, the suspension was centrifuged at 32.000 x g for 7 min. The pellet was used for gDNA
isolation. The supernatant was primarily filtered through a 0.22 pm membrane filter (Sartorius, France)
and used for protein, carbohydrate, and eDNA assays. Polysaccharide concentration was quantified by
the phenol-sulfuric acid method [21]. Glucose was used as a standard for the determination of the
calibration curve. The Lowry method was applied for the determination of the protein concentration.
Bovine serum albumin (BSA) was used as a standard [22]. eDNA isolation was conducted partially by
the method described by Wilson [23]. The filtered supernatant was treated with chloroform and isoamyl
alcohol (volume 24:1) for eDNA isolation. Afterward, the solution was centrifuged and treated with
phenol-chloroform-isoamyl alcohol (volume 25:24:1). The solution was again centrifuged. Isopropanol
was added to the supernatant and was waited for 20 min at -20°C. The solution was centrifuged and was
added cold ethanol (70%) on precipitate. The solution was centrifuged, and the supernatant was poured.
Tris-EDTA buffer was added on eDNA and was solved. The gDNA extraction was performed using a
genomic DNA purification kit (Fermentas K0512, Thermo Fisher Scientific Inc., USA). Finally, gDNA
and eDNA qualities were measured with the absorbance values at 260 nm/280 nm with a NanoDrop
Spectrophotometer (Thermo Scientific NanoDrop Lite, USA). The DNA samples were subjected to
1.5% agarose gel electrophoresis at 120 V for 45 min. Then, the products were visualized with a
Quantum ST4 Gel Documentation System (Vilber Lourmat, France). The molecular weights of DNA
samples were determined via the Quantum-Capp software system (Vilber Lourmat).

2.5. The Treatment of gDNA and eDNA with DNase I, RNase A, and Proteinase K Enzymes

In this assay, gDNA and eDNA were first isolated according to section 2.4. Afterward, 10 pL of gDNA
(295.5 ng/uL) or eDNA (604.6 ng/uL) samples were treated with DNase | (1.45, 1.7, 2.5, and 3.0
mg/mL) (Sigma-Aldrich, DN25, USA), RNase A (0.90 mg/mL) (Sigma-Aldrich, R6513, USA), and
proteinase K (0.85 mg/mL) (Sigma-Aldrich, P2308, USA) enzymes at 37°C for 1 h in 96-well
polystyrene microtiter plates. Finally, agarose gel electrophoresis (1.5%) was applied at 120 V for 45
min. The products were visualized with the Vilber Lourmat Quantum ST4 Gel Documentation System.
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The molecular weights of DNA samples were determined with the Quantum-Capp software system. As
negative controls were used samples without enzyme treatment.

2.6. The Effect of DNase | on Mature Biofilm

This assay was conducted as defined previously by Grande et al. [24] with a few modifications. The
purpose of the assay was to determine whether the eDNA was sensitive or resistant to DNase 1. First, 95
pL of TSB and 5 pL of bacterium culture were added to a 96-well polystyrene microtiter plates and
were incubated for 40 h (mature biofilm) at 45°C. The biofilms were then treated with 100 pL of DNase
I (100 pg/mL) (Sigma-Aldrich, DN25) for 2, 4, 8, and 12 h at 37°C. The plate wells were washed with
physiological saline. Subsequently, the CV staining assay was applied to the plates. The biofilm
samples were treated with physiological saline for positive controls.

2.7. Statistical Data Analyses

All the experiments were conducted in three replicates on three independent days. All statistical
analyses were performed using SPSS 17.0 statistical program (SPSS Inc., Chicago, IL, USA). The one-
way analysis of variance (ANOVA) was applied to determine whether there are any statistically
significant differences between the means of independent groups. Probability levels of p < 0.05 were
considered statistically significant.

3. RESULTS

3.1. Optimization Assays

The optimal values of the isolate for planktonic growth were determined as pH 7.0 (ODsgspm 1.253 +
0.003), 1% NaCl (ODsgsym 1.174 + 0.04), and 50°C (ODsgsnm 0.942 + 0.17), whereas optimal values for
biofilm formation were measured as pH 9.0 (ODsgsnm 1.163 £ 0.3), 0% NaCl (ODsgsnm 2.538 £ 0.2), and
45°C (ODsgsnm 2.794 + 0.3) in 96-well microtiter plates (Figs. 1, 2, and 3). All parameters were found
different for the optimal planktonic growth and the biofilm formation of the isolate. The pH value for
biofilm formation was much higher than that for optimal planktonic growth. In addition, the isolate
preferred an alkaline and salt-free environment for optimal biofilm production. The biofilm formation
decreased with the increased salt amount.

1.4 1,253
1,2 A -
10 ”T/ w W 1,163

]
08 ﬂ[
0,6 —— Planktonic

0.4 Biofilm
0,2

0,0 -

OD 595 nm

4 56657758859

pH

Figure 1. The effects of pH on the planktonic growth and biofilm formation of the isolate.
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Figure 2. The effects of salinity (NaCl) on the planktonic growth and biofilm formation of the isolate.
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Figure 3. The effects of temperature on the planktonic growth and biofilm formation of the isolate.

3.2. Protein, Carbohydrate, and eDNA Analysis

The concentrations of total protein and carbohydrate were quantified as 600 pg/mL and 18.4 pg/mL,
respectively. The amount of eDNA was measured as 604.6 ng/uL, whereas the gDNA was quantified as
295.5 ng/uL. Furthermore, the molecular weights of the gDNA and eDNA were calculated larger than
20 kb (Fig. 4). Thus, the presence of eDNA in the biofilm matrix of B. agri was confirmed for the first
time with agarose gel imaging and spectrophotometric analysis.

3.3. The Treatment with DNase I, RNase A, and Proteinase K of gDNA and eDNA

The gDNA was only all degraded by DNase I. On the other hand, eDNA was not affected by any of the
enzymes. To confirm the resistance, eDNA was treated with higher concentrations of DNase | (1.7, 2.5,
and 3.0 mg/mL). But the results did not change (Fig. 4). Our results showed that the strong biofilm
producer B. agri D505b was very resistant to DNase |, RNase A, and proteinase K.



Journal of Scientific Reports

Kilig, T., and Coleri Cihan, A., Journal of Scientific Reports-A, Number 45, 1-11, December 2020.

eDNA gDNA
L

=) il =)

eDNA 7 2

T T W

—_ v o

= 9 5§ E E § E E

g E E = B = 5 w0

-~ O~ ~ W © w ¥

SRR E

e c 2

rn w o § 2 x 2 a4 x

d o8 m 42 8 498 2

= = - = a m = ©

0o o o o o £ ﬁ -

@ 1] @ n w o a o o

© © © o © © © B

2 2 2 22 8 z 2 8

Q Q Q Q & a 0O & o

20000 bp

1500 bp

500 bp

Figure 4. Agarose gel electrophoresis image of the eDNA and gDNA of D505b; different DNase |
concentrations applied to eDNA (1.7, 2.5, and 3.0 mg/mL); DNase | (1.45 mg/mL), RNase A (0.90
mg/mL), and proteinase K (0.85 mg/mL) treatment of the eDNA and gDNA. Marker (Fermentas Gene
Ruler 1 kb Plus DNA Ladder, 75-20000 bp).

3.4. The Effects of DNase | on Mature Biofilm

DNase I enzyme (100 pg/ mL) was applied to the mature biofilm (40 h) for 2, 4, 8, and 12 h in 96-well
polystyrene microtiter plates. DNase | had no significant effect on the biofilm biomass of B. agri
D505b. According to the results, the residual biofilm amounts measured after the DNase | treatment
were as 16.56% for 2 h and 20.04% for 12 h.

4. DISCUSSION

The optimal values the isolate for planktonic growth were determined as pH 7.0, 1% NacCl, and 50°C,
whereas optimal biofilm formation was measured as pH 9.0, 0% NaCl, and 45°C in 96-well polystyrene
microtiter plates (Figs 1, 2, and 3). It was seen that all parameters were different for the planktonic
growth and biofilm formation of the isolate. The pH value for biofilm formation was much higher than
that for optimal growth. Furthermore, the isolate preferred an alkaline and salt-free environment for
optimal biofilm production. The biofilm formation decreased as the salt amount increased. High salt
concentration in the growth medium resulted in lower environmental water activity (a,), which is
destructive to cellular activities. Moreover, osmotic drift influences the response of the tested Bacillus
species’ biofilm growth on polystyrene [25].

Extracellular DNA (eDNA) of microbial origin is common in natural terrestrial and aquatic
environments [26]. Catlin and Cunningham [27] obtained eDNA from Staphylococcus, Pseudomonas
and Alcaligenes faecalis. The presence of eDNA was indicated for the facultative thermophile
Brevibacillus agri for the first time in our study. Several studies demonstrated that the eDNA of biofilm
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cells could be sensitive to the DNase | of eDNA. Nijland et al. [28] demonstrated that DNase | (above
15 ng/mL) caused the dispersal of biofilm of Bacillus licheniformis. We determined that the DNase |
activity had limited effect at a concentration of 100 pg/mL within 12 h on the mature biofilm of the
isolate (20.04%). On the other hand, our results showed that DNase I, RNase A and proteinase K
enzymes had no effect on eDNA in the biofilm matrix of B. agri D505b (Fig. 4). Apparently, the eDNA
of B. agri D505b could be protected from these enzymes. This could be explained by the rigid pellicle
structure and strong biofilm structure of the isolate. We detected in our previous study that B. agri
D505b was a strong biofilm producer (OD595 nm: 3.365) [16]. Moreover, the resistance to DNase |
may possibly result from the conserved folded structure of eDNA after purification. The purified eDNA
which has lost its carbohydrate and protein interactions might become rearranged after chemical
treatments, and gain a more compact and condense structure with additional folding [29]. Similarly,
DNase | had no effect on Helicobacter pylori eDNA. The eDNA might be protected by other EPS
and/or EV-like structures [30]. The eDNA-containing EVs plays a part in biofilm production, bacterial
colonization, and subsequent resistance to removal techniques [31]. EVs in biofilms interact with eDNA
to strengthen structural integrity [32]. Rivera et al. [33] reported the isolation of EVs from Gram-
positive, spore-forming Bacillus anthracis. The first hint of the presence of EVs in Firmicutes came
from the studies on Bacillus cereus and Bacillus subtilis [32]. Soler et al. [34] observed that vesicles and
eDNA were produced by hyperthermophilic archaea. In addition, DNA in vesicle preparation was found
immensely resistant to DNase treatment. Their observations suggest that eDNA could be less or more
strongly associated with the vesicles. Vesicles could be a significant factor determining the DNA
stability and protecting it from degradation in natural environments. It is unclear how stable eDNA
could exist in hydrothermal environments. However, their results demonstrated that eDNA could be
preserved in high-temperature environments via its association with vesicles produced by
hyperthermophilic archaea. Blesa and Berenguer [35] determined the long-term protection of
thermophilic Thermus thermophilus eDNA from DNase associated with EVs generated by cell lysis.
Vesicle-protected eDNA can withstand nuclease activity, which allows the movement of eDNA over
long distances. EVs are frequently generated by bacteria during the growth phase or upon integration
within a biofilm [36].

The characterization of the eDNA of bacterial biofilms revealed that it consists of fragments of high
molecular weight (about 30 kb) [37]. We detected that the molecular weight of eDNA was larger than
20 kb with agarose gel electrophoresis (Fig. 4). On the other hand, Ali Mohammed et al. [38] reported
that the size of the eDNA of Fusobacterium nucleatum and Porphyromonas gingivalis was detected to
be about 100 bp. The size is generally larger than the one defined for other biofilms. Moreover, the size
of eDNA has been reported to range from less than 100 bp to 10 kb [38]. In conclusion, this paper
determined that changing environmental conditions could increase the biofilm formation abilities of the
isolate. In addition, the presence of eDNA in the biofilm matrix of B. agri was confirmed with
electrophoresis and spectrophotometric methods. It was seen in this study that DNase I, RNase A and
proteinase K enzymes had no effect on the B. agri D505b biofilms. Therefore, our data suggest that the
effect of different enzyme combinations and concentrations should be tested for the biofilm control of
B. agri in future studies. The synergistic effect of enzymatic sanitation agents can be determined for
biofilm removal. In addition, revealing the association between eDNA and EVs for Brevibacillus agri is
significant. Any enzyme which can degrade eDNA holds a potential to be used along with antibiotics as
a co-treatment agent.
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ABSTRACT

Ammonium pyrrolidine dithiocarbamate (APDTC) is a suppressive thiol compound of Nuclear Factor
kappa B (NF-xB) and works to prevent infections, regulate oxidation, prevent cell death, affects on
viruses. Therefore, it is recommended to avoid harmful practices and to give importance to active
substance research in medical ethics. In postoperative care, respiratory system relaxation treatments
are important. There is insufficient research into how the functions of APDTC are regulated in human
and animals. In our study, we aimed to evaluate the function of APDTC in rat trachea smooth muscle.
70 male Wistar albino rats were used. The rats were euthanized by giving anesthesia and after
applying cervical dislocation the trachea was separated, connective tissues of trachea were separated
and placed in Krebs solution. Potassium chloride (KCI), Acetylcholine (ACh), APDTC, Atropine,
Phentolamine, Propranolol, Nifedipine and Tetraethylammonium (TEA) were added in to the solution.
Eventually, APDTC produced a relaxation response in the tracheal smooth muscle induced by ACh,
but this relaxation was not statistically significant. In our study, Half maximal effective concentration
(EC50) dose was found to be ineffective. APDTC did not induce L-type Ca?* channel and K* channel
receptors to differentiate relaxation response by producing a cholinergic-adrenergic effect. We think
that APDTC did not affect these channels. Further studies with the use of different doses are
recommended.

Keywords: APDTC, trachea, adrenergic, cholinergic, Ca** channels, K* channels.
1. INTRODUCTION
Asthma is one of the most common and most often encountered diseases and generally affecting

young people in developed and developing countries. Smoking, air pollution, gender, socioeconomic
status, exposure to dust, smoke and gases due to occupational encountering are the factors that cause
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asthma [1]. According to the Turkish Thoracic Society-Asthma and Treatment Guidelines, asthma is a
disease characterized by shortness of breath, chest tightness, coughing and bronchial overactivity in
the form of seizures with chronic airway inflammation and is a high cost disease [2]. It is included in
the category of serious diseases that results in death if untreated [3]. Bronchodilator agents such as
antagonists, methylxanthine and corticosteroid drugs are used during the treatment of asthma.
Bronchodilator agents provide relaxation of bronchial smooth muscles [3]. The effect of TEA and K*
on contractions with histamine and ACh in porcine isolated trachea were compared [4]. While neither
TEA nor K* increased continuous depolarization with histamine (or induced by acetylcholine),
released form of depolarizations were often observed in the presence of TEA. Verapamil and Ca™
Krebs solution reduced histamine contractions and reduced or eliminated the effect of TEA and K* on
histamine-induced contractions. These results suggest that different contraction mechanisms are
masked by histamine and acetylcholine. It appears to be linked to mechanisms that are histamine-
mediated, sensitive to TEA and high K* and possibly including increased Ca®" translocation along the
plasma membrane [4]. In vitro study in rabbit trachea smooth muscle determined that the relaxant
effects of B-adrenergic receptor agonists as isoprenaline and salbutamol were caused by the activation
of K* channels and the relaxant effects of phosphodiesterase inhibitors as theophylline and
aminophylline by K* channels were less effective [5]. Smooth muscles are found in the structural
architecture of organs such as uterus, blood vessels, intestines, trachea, bladder, stomach, penis and
clitoral cavernosal sinuses. They receive neural innervation from the autononom nervous system.
Hormonal and paracrine agents, autocrine and local chemical agents further control their contraction
[6]. Smooth muscle is composed of cells with a diameter of 1-5 micrometers and only in 20-500
micrometers length [7]. Smooth muscles are composed of long fibers in some organs and short fibers
in others [8]. The nucleus is large and at the middle in the smooth muscle. During the embryological
development of smooth muscle, precursor cells are not fused and they develop separately in a single
nucleus center [9]. Muscle fibers can be in longitudinal, circular and oblique forms [10]. They contain
actin and myosin filaments as well as intermediate filaments such as desmin, vimentin and filamin.
The adjacent smooth muscle cells are connected by gap junctions. The sarcoplasmic reticulum is the
site where Ca is stored in the smooth muscle cell. The smooth muscle cell has both T and L channels
[3]. Smooth muscles contain thrompomyosin but lacks troponin. The numbers of mitochondria are
low, so glycolysis is used most of the time [11].

The trachea is the organ located after the larynx that transmits air to the bronchi [12]. Asthma is a
chronic inflammatory disease of the airways, where mast cells, eosinophils and T lymphocytes and
many other cells playing a role in the disease [13]. A neural modulator system composed of various
neuropeptides released as cotransmitters from the autonomic nervous system is called NANC System.
i-NANC system in human airways is the only neural expansion pathway that relaxes the airway
smooth muscle because there is no functional sympathetic innervation. Adrenergic antagonists can not
interfere with this system [14]. Excitatory Nonadrenergic-Noncholinergic System (e-NANC) in some
species produces bronchoconstrictor effects that cannot be inhibited by atropine, but it can be
inhibited by the breakdown of emotional neuropeptides through capsaicin and tachykinin antagonists.
The response is produced via secretion of tachykines released from the sensory nerves of the airway
[14].

Nitric oxide (NO) acts as an expander of the airways and is the neurotransmitter of the expanding
nerves in the human airways. On the other hand, NO increase in plasma exudation may cause harmful
effects on the respiratory tract by vasodilation and also cause inflammatory responses during asthma
[15]. NO is a highly lipophilic molecule that can easily pass through the membranes. Nitric oxide
sensor-1 (NOS-1) is found in neural tissues and Nitric oxide sensor-111 (NOS-I111) is found in vascular
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endothelium. Nitric oxide sensor-11 (NOS-I1I) or Inhibitory Nitric oxide sensor (i-NOS) is found in the
airway epithelium and various other cells and is not Ca-dependent. Once synthesized, NO rapidly
migrates to target tissues and activates the guanylate cyclase enzyme in the cells and increases the
“cyclic guanosine monophosphate” ratio, which provides smooth muscle contraction, by acting as a
neurotransmitter of i-NANC neurons with the resulting effect within the smooth muscle cell. There
are three neural mechanisms of the airways that cause bronchoconstriction as cholinergic (acetyl
choline), a-adrenergic (norepinephrine) and e-NANC (neurokinin) systems. On the other hand,
adrenergic (epinephrine) and iINANC as vasoactive intestinal peptide (VIP) and NO are the
mechanisms that cause bronchodilatation. The i-NANC neural system is actively present
intermittently in the proximal airways, and this is the bronchodilator system found in human airways.
NO in asthma is predominantly associated with lower respiratory tract and increased NOS-II
activation. NO rates may be useful in differentiating asthma from other causes of chronic coughing
[16]. Transient receptor potential (TRP) channel subtypes are TRP cononcial (TRPC) with seven
different sub-channel groups, TRP vanilloid (TRPV) with six different sub-channels, TRP polycystein
(TRPP) with three different sub-channels, TRP mucolipin (TRPML) with three different sub-channels,
TRP ankyrin (TRPA) with one different sub-channel and TRP melastatin (TRPM) with eight different
sub-channel groups. The majority of these ion channels are non-selective ion channels that are
simultaneously permeable to Na* and Ca*?. In addition, there are twenty-eight types of TRP channels
in mammals and they can be grouped in six sub-families [17, 18].

Atropine is a competitive antagonist of muscarinic (M) receptors of ACh in the parasympathetic
system. Atropine receptors have five subtypes called M1, M2, M3, M4 and M5 and they show
postsynaptic localization in various effector organs and ganglia, or located at the ends of cholinergic
and adrenergic nerves [19]. The Ca?* channels affect the passage of calcium ions into the cytoplasm
through specific pores opened in response to depolarization of the cell membrane. The introduction of
calcium into the cell produces a depolarizing effect, and the accumulation of calcium in cytoplasm
increases the secretion of hormones and neurotransmitters and is a chemical activator for muscle
contraction and various other calcium-sensitive interactions [20]. Nifedipine is a selective relaxant
[21]. Adrenergic receptors are divided into two groups as alpha adrenergic receptors and beta
adrenergic receptors. Alpha adrenergic receptors are divided into two groups as alpha 1 and alpha 2.
Beta adrenergic receptors are divided into three groups as betal, beta 2 and beta 3 receptors [22].
Phentolamine is a alpha-adrenergic blocker directing smooth muscle relaxation and it is a imidozine
derivative with cholinometric, histaminic and sympathomic activity. Phentolamine and other alpha-
adrenergic receptors show competitive effects and provide mild intrinsic activity [23]. Phentolamine
has an equal affinity for alpha 1 and alpha 2 receptors. Phentolamine has agonistic activity on
musacarinic, histamine H1 and H2 receptors. Phentolamine has a relaxing effect on vascular smooth
muscles [24]. Propranolol inhibits all beta adrenergic effects, but does not block alpha adrenergic
receptors [24]. Many potassium channels of different molecular structure help regulate potassium
conductivity in smooth muscle cells [25]. The potassium channels are blocked by Tetraethyl
ammonium, which is supplied externally. Sensitivity to tetraethyl ammonium is different in different
types of potassium channels. Tetraethyl ammonium inhibits the return of voltage-dependent potassium
channel inhibitor repolarization [26]. Research on how APDTC functions are regulated in humans and
animals is insufficient. Therefore, the aim of this study was to investigate the mechanism of action of
APDTC in the rat smooth muscle of the trachea by using some agonists and blocker chemical
substances with a good designed experimental procedure.
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2. MATERIALS AND METHODS

70 male Saki Yenilli Wistar albino (200-250 g) male rats (6-7 months old) were obtained from The
Experimental Animals Production Center. The study was approved by Dumlupinar University Animal
Experiments Local Ethics Committee (HAYDEK) Desicion No. 2015.12.04. Wistar albino male rats
allocated from 6-7 months old Saki Yenilli Experimental Animal Production Facility weighing 200-
250 grams were grouped according to the chemicals used and placed in cages.

All the experimental groups and procedures are presented first as organ bath preperation and
experimental procedures: Male Wistar albino rats were weighed sequentially, euthanized by cervical
dislocation, and the neck was opened from larynx to bifurcation, and the trachea was isolated without
any damage. The trachea was sampled and placed in a Petri dish with cold Krebs Henseleit
physiological solution. Physiological solution of Krebs Henseleit was weighed and then the other
chemicals such as MgSO47H,0 (0.28 g), KH,PO,4 (0.32 g), KCI (0.72 g), NaCl (13.8 g), Glucose (10
g), NaHCO; (4.2 g) ), CaCl,2H,0 (0.56 g) were weighted and they were dissolved in other beakers
with the help of some water. Then the CaCl,2H,0 solution was added slowly to the solution
containing the other chemicals and was added up to 2 liters. After cleavage of the connective tissues
around the trachea, the trachea was isolated in the shape of ring. Organ weight was determined by
precision scale. For the trachea placed in the isolated organ bath, the temperature of the organ bath
was stabilized at 37 °C. 95% 0,-5% CO, gas mixture was introduced into the isolated organ bath and
the viability of the organ was maintained by providing oxygenation. The same conditions were
applied to each group. One end of the trachea was placed in the organ bath and the other end to the
transducer and 1 gram of tension was applied to it and the responses were recorded with the
concentrator recorder device. APDTC was weighed as 0.016429 grams. It was dissolved with water,
made up to 10 ml and a 10 M solution was obtained. 1 ml of this solution was taken and completed
to 10 ml and 10 M stock solution was prepared, and then the stock solution was diluted to 1.5x10°.
0.031781 grams of phentolamine were weighed. It was dissolved with water, made up to 10 ml and a
10 M stock solution was prepared. The stock solution was then diluted to 107, 0.02958 grams of
propranolol was weighed. It was dissolved in some ethanol, made up to 10 ml and 102 M stock
solution was prepared and this stock solution was diluted to 10™. 0.028938 grams of atropine was
weighed. It was dissolved in some ethanol, made up to 10 ml and 10 M stock solution was prepared
and this stock solution was diluted to 10™. 0.16571 grams of tetraethyl ammonium was weighed. It
was dissolved in water, made up to 10 ml and 10" M solution was obtained. 0.034634 grams of
nifedipine were weighed. It was dissolved in water, made up to 10 ml and 10 M stock solution was
prepared and then the stock solution was diluted to 10™. 0.018166 grams of ACh was weighed. It was
dissolved in water, 10? M stock solution was prepared after completed to 10 ml and stock solution
was diluted to 10™. 0.4473 grams of KCI was weighed. It was dissolved in water, made up to 10 ml
and a 6x10™ M solution was obtained.

Experimental protocol for rat trachea smooth muscle contraction and relaxation response
measurements are presented afterward as follow: 70 Wistar albino male rats were used. The rats were
divided into seven groups of containing 10 animals each, respectively. Separate protocols were
applied to the rats divided into groups. It was equilibrated using a crebs solution at every 15 minutes
for 60 minutes. The viability of the trachea was controlled by means of KCI solution. It was
precontracted using acetylcholine. The groups were as follow: Group 1 was used as the control group
and 10 animals were used. Contraction and relaxation were examined. 1.5x10° M APDTC was used
(10 animals). In Group 2, cholinergic receptors was inhibited by cholinergic receptor antagonist
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atropine (10° M). Trachea responses were observed (10 animals). In Group 3, 10° M alpha
adrenoceptors were inhibited by alpha adrenoreceptor antagonist phentolamine and trachea response
was examined (10 animals). The 10° M propranolol, the beta adreno-receptor antagonist, was given to
the 4th group to prevent the effect of beta-adreno-receptors. Trachea responses were observed (10
animals). In Group 5, 10°® M potassium channel blocker nifedipine blocked the potassium channel.
Trachea responses were observed (10 animals). In the Group 6, L-type Calcium channels were
blocked with 10° M TEA, an L-type calcium channel blocker (10 animals). In Group 7, the 10° M
non-selective alpha adrenoceptor antagonist phentolamine, 10°® M beta adrenoceptor antagonist
propranolol and 10° M cholinergic receptor antagonist atropine were administered together for
adrenergic receptor and cholinergic receptor blockage. The responses of the trachea were observed (10
animals).

In our experiment, after the preparation stage of our trachea smooth muscle strips, we performed an
isolated organ bath application to maintain vitality after one gram stretching process. It was left in a
Krebs solution for fifteen minutes. The smooth muscle strip was then allowed to equilibrate for forty-
five minutes. Afterward, the vitality of tracheal smooth muscle strips were evaluated with 6x102 M
KCI. After waiting five minutes, the trachea smooth muscle strip was cleaned in the organ bath
system to get rid off the effect of KCI by repeating three times. By waiting for ten minutes, 10° M
ACh was applied to the krebs solution to maintain anterior muscle tension. Waiting for ten minutes,
1.5x10° M APDTC to the control group, 10 M atropine to the second group, 10° M phentolamine to
the third group, 10 M propranolol to the fourth group, 10°® M nifedipine to the fifth group, 10° M
TEA to the sixth group and 10° M phentolamine+10° M propranolol+10® M atropine to the seventh
group were applied. Fifteen minutes later, 1.5x10° M pyrrolidine dithiocarbamate [3] was
administered to the other groups except the control group. The obtained data were expressed as
mean=standard error and evaluated by applying Kruskal Wallis and Mann-Whitney U tests and then p
<0.05 values were considered statistically significant and effective and p>0.05 values were considered
statistically not significant and uneffective.

3. RESULTS

In this applied organ bath system research, seven groups were included as follows: control, atropine,
phentolamine, propranolol, nifedipine, TEA, and fentolamine+propranolol+atropine (mix) groups
(Table 1 and Figure 1). We evaluated the effects of APDTC in the presence and absence of an
antagonist or blocker on the trachea smooth muscle strip with the application of 10 M Acetylcholine.
Every antagonist and blocker interaction with each other were tested in our designed experiment.

Table 1. Evaluation of differences between experimental groups of APDTC.

Groups Control | Atropine | Phentolamine | Propranolol | Nifedipine | TEA | Mix
Control - 0.762 0.650 0.940 0.762 0.597 | 0.070
Atropine 0.762 - 0.496 0.762 0.496 0.545 | 0.034
Phentolamine | 0.650 0.496 - 0.450 0.821 0.762 | 0.199
Propranolol 0.940 0.762 0.450 - 0.473 0.597 | 0.023
Nifedipine 0.762 0.496 0.821 0.473 - 0.880 | 0.162
TEA 0.597 0.545 0.762 0.597 0.880 - 0.082
Mix 0.070 0.034 0.199 0.023 0.162 0.082 | -
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Figure 1. Evaluation of the effects of APDTC in the presence and absence of an antagonist or blocker
on the trachea smooth muscle strip with the application of 10 M Acetylcholine.

There was a statistically significant difference on the tracheal smooth muscle strip between ACh
applied precontraction responses and atropine-treated APDTC responses (p<0.05). The relaxation
response of APDTC with atropine was observed on the contraction of the tracheal muscle with
acetylcholine. However, no statistically significant difference was found between the control group
and atropine group (p>0.05). It is revealed that APDTC relaxation responses on the contracted
tracheal smooth muscle strip with ACh were not affected by atropine (p>0.05). There was a
statistically significant difference between the atropine and propranolol group and the 10° M dose
atropine applied group on the contractions treated with ACh mix group (p<0.05). No statistically
significant difference was observed with atropine on contractions induced by ACh in the 10° M

control

atropine

phentolamine propranolol  nifedipine TEA mix

propranolol dose applied group (p>0.05) (Table 2 and Figure 2).

Table 2. Evaluation of the effect of APDTC on trachea smooth muscle by atropine treatment.

Atropine ACh | Antagonist | APDTC
ACh 0.015 0.015
Antagonist | 0.015 0.070
APDTC 0.015 | 0.070

150

100

WCONTRACTION

50

atropine APDTC

Figure 2. Evaluation of the effect of APDTC in the presence of atropine and atropine on the
contraction of the tracheal smooth muscle strip treated with acetylcholine.

17



Journal of Scientific Reports

Dayioglu et all., Journal of Scientific Reports-A, Number 45, 12-27, December 2020.

There was a statistically significant difference between APDTC responses and ACh precontraction
responses with phentolamine treatment in trachea smooth muscle (p<0.05). The contraction response
of APDTC were formed in the tracheal smooth muscle strip contracted with ACh and then
phentolamine treatment. However, no statistically significant difference was found between the
control group and the group under phentolamine intervention. APDTC to the relaxation response to
ACh contracted trachea smooth muscle strip with phentolamine application had no effect (p>0.05)
(Table 3 and Figure 3).

Table 3. Evaluation of the comparison with the phentolamine only/phentolamine with APDTC
administration.

Phentolamine | ACh | Antagonist | APDTC
ACh - 0.015 0.015
Antagonist 0.015 | - 0.406
APDTC 0.015 | 0.406 -
100 —
%CONTRACTION
50 —
(8] L
Ach phentolamine APDTC

Figure 3. Evaluation of the effect of APDTC in the presence of phentolamine and phentolamine only
on tracheal smooth muscle contracted with acetylcholine.

There was a statistically significant difference between APDTC and propranolol administration
responses with precontractive responses on trachea smooth muscle treated with ACh (p<0.05). When
propranolol was applied to the contraction formed on the tracheal smooth muscle strip with
acetylcholine, the relaxation response with APDTC was observed. However, no statistically
significant difference was found between the control group and the group under propranolol
intervention. Propranolol did not affect the relaxation response of APDTC to Acetylcholine-contracted
smooth muscle strip (p>0.05) (Table 4 and Figure 4).

Table 4. Evaluation of the comparison of Propranolol only/Propranolol administration with APDTC.

Propranolol | ACh | Antagonist | APDTC
ACh - 0.001 0.004
Antagonist | 0.001 | - 0.705
APDTC 0.004 | 0.705 -
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Figure 4. Evaluation of the effect of APDTC by applying propranolol only/propranolol on the
contraction of tracheal smooth muscle strip where ACh is applied.

A statistically significant difference was found between the responses of APDTC by the application of
nifedipine with the precontraction responses generated with ACh on the tracheal smooth muscle strip
(p<0.05). Nifedipine applied to the contractions created in tracheal tissue with ACh has created a
contraction response of APDTC. However, no statistically significant difference was found between
the control group and the group under nifedipine intervention. Nifedipine did not affect the relaxation
responses of acetylcholine-contracted tracheal smooth muscle strip of APDTC (p>0.05) (Table 5 and
Figure 5).

Table 5. Evaluation of Nifedipine only/Nifedipine treated APDTC comparison.

Nifedipine | ACh | Antagonist | APDTC
ACh - 0.001 0.001
Antagonist | 0.001 | - 0.940
APDTC 0.001 | 0.940 -

19



Journal of Scientific Reports

Dayioglu et all., Journal of Scientific Reports-A, Number 45, 12-27, December 2020.

150 7

1004

%CONTRACTION

50 A

Ach nifedipine APDTC

Figure 5. Evaluation of APDTC effect on tracheal smooth muscle strip with nifedipine treatment.

A statistically significant difference was found between precontraction responses with ACh treated
tracheal smooth muscle strip and APDTC responses under TEA intervention (p<0.05). APDTC
contraction response has occurred with the application of TEA on the contraction created in the
trachea muscle strip with acetylcholine. However, there was no statistically significant difference
between the control group and the group under TEA intervention. APDTC did not change the
relaxation responses of the tracheal smooth muscle strip that was contracted with ACh by TEA
administration (p>0.05) (Table 6 and Figure.6).

Table 6. Evaluation of APDTC in TEA only/with TEA application.

TEA ACh | Antagonist | APDTC
ACh - 0.001 0.015
Antagonist | 0.001 | - 0.151
APDTC 0.015 | 0.151 -

150 —

1400 —

%CONTRACTION
Ach TEA APDTC

Figure 6. Assessment of the effect of APDTC with treatment of TEA only/TEA on trachea smooth
muscle strip contracted with acetylcholine.
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A statistically significant difference was found between responses formed by contracting tracheal
smooth muscle strip with ACh and responses to APDTC with administration of
phentolamine+propranolol+atropine (p<0.05). APDTC relaxation response has occurred by applying
phentolamine+propranolol+atropine on the trachea smooth muscle strip contraction treated with
acetylcholine. However, the relaxation occurred statistically between the contraction response caused
by phentolamine+propranolol+atropine and with the application of APDTC (p<0.05). APDTC did not
change relaxation responses on the tracheal smooth muscle strip contracted with ACh with the
phentolamine+propranolol+atropine (p>0.05) (Table 7 and Figure 7).

Table 7. Evaluation of comparison of APDTC when Mix only/Mix is applied.

Mix ACh | Antagonist | APDTC
ACh - 0.419 0.001
Antagonist | 0.419 | - 0.004
APDTC 0.001 | 0.004 -

150 =

100

50
0 T
Ach mix APDTC

Figure 7. Assessment of the effect of APDTC by applying mix only and with mix on tracheal smooth
muscle strip contraction with acetylcholine.

4. DISCUSSION AND CONCLUSION

In this study, the contraction was created by ACh treatment on the trachea smooth muscle strip and
then KCI, acetylcholine, APDTC, atropine, phentolamine, propranolol, nifedipine and TEA
interventions were made. The effecting function of APDTC on the tracheal smooth muscle strip was
evaluated with organ bath application since the evidence-based APDTC mechanism for the relaxation
of the trachea smooth muscle strip was not fully examined within previous studies. In this study, the
effecting functions of APDTC in 7 designed different groups (control, atropine, phentolamine,
propranolol, nifedipine, TEA and phentolamine+propranolol+atropine) were evaluated to find out
whether some channels and receptors were used or not on the rat tracheal smooth muscle strip with
ACh application. A study investigated the roles of NF-xB in lung injury initiated by single lung
ventilation by treating rats with NF-«kB-specific inhibitor PDTC, and then the NF-kB pathway was
activated in the process after lung injury and the suppression of the NF-kB pathway prevented the
development of lung damage from different routes [27]. It also affected the respiratory functions of
APDTC [27]. A research reported that a decrease in smooth muscle contractions in colitis rat colon
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stimulated with trinitrobenzene sulfonic acid (TNBS) can be attributed to the decreased activity of the
L type Ca* channel. In this context, they concluded that L-type Ca*® channel dysfunction can be
mediated by NF-«B related pathways [28]. We discovered that 1.5x10° M APDTC produced a
relaxation response in the tracheal smooth muscle.

There is a statistically significant difference between the precontraction responses with ACh and the
responses of APDTC with atropine treatment in tracheal smooth muscle. The relaxation response to
APDTC with the application of atropine on the contraction created with ACh in the tracheal smooth
muscle strip. However, there was no statistically significant difference between the control group and
the group that received atropine. APDTC replaced the relaxation responses in the tracheal smooth
muscle strip contracted with ACh with a nonselective muscarinic receptor antagonist atropine [29].
Atropine can be considered as an ACh competing antagonist, mostly at the cholinergic nerve endings
[29]. APDTC with the dose of 1.5x10° M was found that it uses muscarinic-cholinergic pathways in
the tracheal smooth muscle strip. In our study, a statistically significant difference was found between
the precontraction response formed with ACh in the trachea smooth muscle strip and the responses of
APDTC when phentolamine was administered. The contraction response of APDTC was shown by
the intervention of phentolamine on the contraction created in the trachea smooth muscle strip with
acetylcholine. However, no statistically significant difference was found between the control group
and the group in the presence of phentolamine. Phentolamine has changed the reflexation responses of
tracheal smooth muscle strip contracted with ACh by APDTC. With the intervention of phentolamine,
the relaxation response of APDTC has occurred.

If glibenclamide or phentolamine try to block the K* channels opened by cromakalim, such channels
are not the same as those having trachealis plasmalemia with their strong rectifying behavior [30]. It
has been concluded that each of the glibenclamide and phentolamine provides a selective contrast to
the relaxant effect of cromakalim in the Guinea pig trachealis [30]. The effect of fentolamine is not
related to the blockade of the ol or a2 adrenoceptors. However, they stated that phentolamine
provided APDTC to cause relief of relaxation. In this context, they stated that APDTC can use some
of the a-adrenergic receptors [30]. In our study, a statistically significant difference was found
between the precontraction responses with ACh in the trachea smooth muscle strip and the responses
of APDTC in the intervention of propranolol. APDTC's relaxation response in the intervention of
propranolol on the contraction created with ACh in the tracheal smooth muscle strip. However, no
statistically significant difference was found between the control group and the propranolol group.
Propranolol did not affect the relaxation responses of APDTC in the tracheal smooth muscle strip
contracted with acetylcholine. The o-—adrenergic blocker Propranolol is a non-selective beta
adrenergic receptor blocker. It blocks competitively with both B1 and B2 receptors [24]. However, the
blocking of B-adrenergic receptors with APDTC by propranolol did not increase the relaxation effect
of APDTC. As a result, we can say that APDTC has its effect through these receptors. Propranolol did
not affect relaxation response of APDTC's tracheal smooth muscle strip contracted with acetylcholine.
There is a significant difference between the APDTC responses in the presence of nifedipine and pre-
contraction responses created by ACh in the tracheal smooth muscle. APDTC showed a contraction
response in the presence of nifedipine on contraction created in tracheal tissue with ACh. However,
there is no significant difference between the control group and the nifedipine administered group.
The nifedipine did not alter the APDTC tracheal smooth muscle relaxation responses contracted with
ACh. It is understood from other studies that nifedipine directly inhibits smooth muscle contraction
with the competitive inhibition of the transmembrane Ca*? flow, thereby preventing the process in
which pharmacological (or electrical) stimulation is converted into mechanical contraction. The
failure of nifedipine to completely eliminate all restrictions in our experiments may result from the
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secretion of histamine-induced Ca* stores used nifedipine or unaffected by calcium channel blocker,
and nifedipine inhibits histamine-induced bronchoconstruction [31]. Nifedipine increased the APDTC
effect even more, and blocking the channels could not change this effect. L-type calcium channels do
not play a role in the mechanism of action of APDTC. There is a significant difference between the
precontraction responses generated by ACh in the tracheal smooth muscle and the responses of
APDTC in the presence of TEA. In the presence of TEA on contraction in tracheal tissue with ACh,
APDTC showed a contraction response. However, there is no significant difference between the
control group and the TEA administered group. TEA did not change APDTC's tracheal smooth
muscle relaxation responses, which were contracted with ACh. It can be thought that 1.5x10° M dose
of APDTC uses different routes other than potassium channels.

Cromakalim, an ATP-dependent K channel opener, investigated for contraction mechanisms
originating from Butylidenephthalide (Bdph), significantly increased basal tension due to Bdph [32].
Bdph also significantly antagonized cromakalim originated relaxation. Bdph, glibenclamide and TEA
did not significantly affect the antagonistic effects against cromakalim originated relaxation. All
calcium channel blockers did not affect neither basal tension nor Bdph's antagonistic effect against
cromakalim [32]. In our study, it was determined that APDTC continues to relax. Blocking K*
channels with TEA did not change the functional path of APDTC. To determine the effect of APDTC
in the NANC system, 10° M phentolamine+10® M propranolol+10° M atropine (mix) were
administered on the trachea smooth muscle strip. A statistically significant difference was found
between ACh contraction responses in smooth muscle and the responses of APDTC in the presence of
phentolamine+propranolol+atropine. APDTC created a relaxation effect in the presence of adrenergic-
cholinergic receptor antagonists as mix in the tracheal smooth muscle strip contracted with
acetylcholine.

In addition, the contraction effect caused by adenergic and cholinergic receptor antagonists as
phentolamine+propranolol+atropine formed a statistical relaxation effect by the administration of
Ammonium Pyrrolidine Dithiocarbamate. Phentolamine+propranolol+atropine did not affect the
relaxation response of APDTC to tracheal smooth muscle strip contracted with acetylcholine. When
our study evaluated the effects of APDTC with proven antioxidant and anti-inflammatory effects in
the trachea smooth muscle strip, the relaxation response was formed by APDTC in the trachea smooth
muscle strip induced by ACh but it was not found statistically significant. We are able to suggest that
different doses of APDTC can be used. The EC50 dose was not effective. Adrenergic receptors,
cholinergic receptors and substances that affect L-type calcium channels and potassium channels have
not changed this response, and thefore we may think that APDTC does not use adrenergic receptors,
cholinergic receptors, L-type calcium channels and potassium channels. On the other hand, as a result
of this research, we can argue that the NANC system, which plays an important role in tracheal
smooth muscle strip contraction-relaxation responses, may contribute to find out the functions of
APDTC with different in vitro studies. Recently published articles were screened to see the direction
of research on the subject and these are stated as pre-clinical safety evaluation of pyrrolidine
dithiocarbamate [33], effects of ammonium pyrrolidine dithiocarbamate (PDTC) on osteopontin
expression and autophagy in tubular cells in streptozotocin-induced diabetic nephropathy rat [34],
bidirectional effects of pyrrolidine dithiocarbamate on severe acute pancreatitis in a rat model [35],
effects of local anesthetics on Smooth muscle tissue in rat trachea: an in vitro study [36], niclosamide
ethanolamine induces trachea relaxation and inhibits proliferation and migration of trachea smooth
muscle cells [37], design, synthesis and biological evaluation of novel ring-opened cromakalim
analogues with relaxant effects on vascular and respiratory smooth muscles and as stimulators of
elastin synthesis [38], effect of hydroalcoholic extract of anethum graveolens L. seed on tracheal
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smooth muscle contractions in male rats [39], effects of levobupivacaine on isolated rat tracheal
smooth muscle [40] and bronchodilatory effect of hydrogen sulfide in rat [41]. The future research
will help to solve the unknown pieces of puzzle in asthma biology.
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ABSTRACT

Ammonium pyrrolidine dithiocarbamate (PDTC), the specific inhibitor of NF-kB, is a thiol compound
with anti-viral, anti-apoptotic, anti-inflammatory and antioxidant effects proven in many studies.
There is not sufficient literature in what fashion that APDTC has produced these effects. We aimed to
investigate the action mechanism of APDTC in rat bladder smooth muscle in our vitro study. In our
study, 70 Wistar albino male rats were used. The rats were euthanized by cervical dislocation under
the anesthesia and then abdomens were opened and bladders were isolated. After the removal of the
connective tissues around the bladders, they were placed in the organ bath containing Krebs solution.
KCI, ACh, APDTC, Atropine, Phentolamine, Propranolol, Nifedipine and TEA were applied to the
bath with an appropriate protocol. The obtained data were evaluated with Kruskal Wallis and Mann-
Whitney U tests. ACh induced bladder produced APDTC relaxation response in its own smooth
muscle. Cholinergic receptor blocker Atropine, B-adrenergic receptor blocker Propranolol, L-type
calcium channel blocker Nifedipine and atropine+phentolamine+propranolol mix have not changed
the relaxation response that APDTC produced. In the presence of potassium channel blocker TEA,
APDTC produced contraction response, but this was not a significantly important grade response. In
the presence of a-adrenergic receptor blocker Phentolamine, APDTC produced significant contractile
response. As a result, we think that APDTC shows its effect on rat bladder smooth muscle via a-
adrenergic receptors and NANK system.

Keywords: adrenergic, APDTC, bladder, calcium channels, cholinergic, NANK system, potassium
channels, TRP.
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1. INTRODUCTION

The bladder is a hollow, muscular organ that acts as a temporary reservoir for urine storage [1]. It is
located inside the pelvic cavity, behind the symphysis pubis and under the peritoneum. In the male, it
extends posteriorly to the rectum and in the woman, it contacts with the anterior walls of the uterus
and vagina [2]. The main responsible system for bladder emptying is the parasympathetic system and
acetylcholine is the main neurotransmitter in this duty [3]. Adenosine 5'-triphosphate (ATP) released
in the bladder with acetyl choline (ACh) activates its specific P2, receptors. Pyrrolidine
dithiocarbamate, a thiol compound derived from dithiocarbamates, has generally been described as an
antioxidant [4]. KCl-treated bladder smooth muscle contractile responses were decreased, and the
mechanism of action of CP (yarrow) extract and compounds was shown to be through voltage-
sensitive L-type Ca?* channels [5]. Silodosin has an inhibitory effect on ACh-induced contractions in
the bladder, and also demonstrated that palonosetron inhibits ACh-induced in vitro bladder smooth
muscle contractions [6]. Raflumilast in pig bladder neck increases endogenous H,S production and
EFS relaxation, and facilitates increased neuronal cAMP, NO and H,S mediated bladder neck
inhibitory nerve conduction following FDE4 (phosphodiesterase 4) inhibition [7]. While
hexamethonium (non-specific nAChR antagonist), mesamylamine (0334 nAChR antagonist), dihydro-
B-erythroidin (04p2 nAChR antagonist) inhibit nicotine-mediated increase of EFS-induced contraction
responses, o-bungarotoxin (a7 nAChR antagonist) partially inhibited this effect of nicotine [8]. These
findings have demonstrated that EFS-induced neurogenic contractions in the rabbit urinary bladder
smooth muscle lanes are mediated by purinergic and cholinergic transmissions and contribute to the
therapeutic effect of nicotine on EFS-induced contractile responses of the a4f32, a34, and a7 subtypes
of nAChRs. Stimulation of muscarinic receptors in the rat bladder induces the release of urothelial NO
that inhibits detrusor contraction in the case of cystitis [9]. As a result of the present findings, it is
pointed out that a muscarinic receptor other than M1 or M3 is the main mediator of this effect.
Darblade et al. (2006) showed that the phasic contractions in the human detrusor are due to calcium
input via L-type calcium channels, and that the BKCa and SKCa channels play an important role in
regulating the phasic contractility of human detrusor smooth muscle [10].

Muscarinic receptor 5 subtypes (M1-M5) have been found in the bladder of different species,
including human [11]. Although the M3 receptor is considered the most important subtype
functionally fit for detrusor contraction, it is thought to have a dual effect between the activation of
M3 and M2 receptors [12]. Atropine is the prototype of the antagonist that competes with
acetylcholine to bind to the muscarinic-type receptor [13]. Atropine competes with ACh and other
muscarinic agonists for a common binding site on the muscarinic receptor [14]. Atropine is a mixture
of D and L hyosamine [15]. Atropine is highly selective for muscarinic receptors. Atropine does not
distinguish between M1, M2 and M3 subgroups of muscarinic receptors [16]. Atropine relaxes the
bladder detrusor smooth muscles, increases the tone of the trigone and sphincter smooth muscles, thus
creating voiding difficulties [17]. Adrenergic receptors are divided into alpha adrenergic receptors and
beta adrenergic receptors. Alpha adrenergic receptors are of two types: alphal and alpha2 receptors.
Beta adrenergic receptors are divided and called as betal, beta2 and beta3 receptors [18].

Phentolamine is the imidazoline-derived a-adrenergic receptor blocker [17]. Propranolol has equal
affinity for Bl and B2 adrenergic receptors; thus, it is a non-selective B adrenergic receptor antagonist
[14]. Nifedipine is a prototype of the dihydropyridine family calcium channel blockers [16] and is a
uncharged hydrophobic substance [13]. Several K* channels with different molecular bases contribute
to the regulatory base K* conductance in smooth muscle cells. These; voltage-gated K* channels (Kv),
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large conductivity Ca* activated K* channels (BKCa), small conductivity Ca®" activated K* channels
(SKCa), inward rectifier K™ channels (Kir), two porous area K* channels (K2P), tension-dependent K*
channels and ATP sensitive K* channels (KATP) [19]. Almost all potassium channels are blocked by
externally supplied TEA (Tetraethyl Ammonium). However, sensitivity to TEA is different in
different types of potassium channels [20]. Bladder contraction and relaxation are caused by
adrenergic, cholinergic and non-adrenergic non-cholinergic (NANK) systems. NANK system and
purinergic system are thought to be effective on bladder with neurotransmitters such as nitric oxide,
transient receptor potential (TRP) channel, histamine, seratonin, VIP (vasoactive intestinal
polypeptide), neuropeptide Y, substance P, calcitonin gene-associated peptide (CGRP), gamma amino
butyric acid (GABA) and bradykinin [21]. Purinergic receptors in the cell membrane are divided into
adenosine (P1) receptors and ATP receptors (P2X and P2Y receptors). The P1 and P2 receptors have
various subtypes. Adenosine receptors and P2Y receptors mediate their responses through G proteins,
while P2X receptors are a subfamily of ligand gated ion channels [14]. Nitric oxide (NO) is an
unstable free radical gas that acts as a neurotransmitter and modulator in the central and peripheral
nervous system [22]. Transient receptor potential (TRP) channels are class of ion channels
characterized by variable activation mechanisms [23]. The TRP superfamily is one of the largest ion
channel families and consists of several protein groups. In mammals, about 28 genes encode TRP ion
channel subunits [24]. This class of ion channels known as TRPV (vaniloid), TRPC (canonical),
TRPM (melastatin), TRPP (polysistin), TRPML (mucolipin) and TRPA (ankyrin) are six subtypes
[25]. Pyrrolidine dithiocarbamate (PDTC) is a stable pyrrolidine derivative of dithiocarbamates [26].
Therefore, we aimed to investigate whether Ammonium Pyrrolidine Dithiocarbamate (APDTC),
whose mechanism of action is not fully elucidated, blocks a-adrenergic and B-adrenergic receptors,
cholinergic receptors, L-type calcium channels and potassium channels in bladder smooth muscle
contraction and relaxation responses or these receptors and channels are effective in the mechanism.

2. MATERIALS AND METHODS

This study was carried out at Dumlupinar University Experimental Animal Breeding Application and
Research Center and Dumlupmar University Faculty of Science and Arts Biology Department
Physiology Laboratory. The study was approved by Kiitahya Dumlupmmar University Animal
Experiments Local Ethics Committee (HADYEK) with the decision number of 2015.12.04. Animals
used in the experiments obtained from Saki Yenilli Test Animals Production Center were 70 male
Wistar albino rats weighing 300-350 gr and 6-7 months old. All the experimental groups and
procedures are shown in Table 1, 2 and 3.

Table 1. Organ bath preparation for experimental procedures.

Steps | Procedure

1 Rats under standard conditions was kept in plastic cages with the ventilation (15 times/hour
and 100% fresh air), at a humidity of 50+5%, at room temperature of 20+2°C for 12 hours
night/12 hours daytime.

2 Isolated organ bath was used to maintain the viability of smooth muscle strips prepared from
rat bladder and to test their biological activity against active substances.

!

Isolated organ bath consists of Data Acquisition analysis system (MP36, USA), Isometric
3 transducers (Biopac, USA), Organ bath (Commat, Turkey), Water bath (WBC3044V3, May,
Turkey), A double-chamber wells and O,-CO, mixture tube.

!
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4 Four wells each with a capacity of 10 ml were used in the experiments.

5 The wells are double chambers with distilled water circulation heated in the outer chambers
of the water bath.

6 The inner chamber contains Krebs solution.

!

7 The strips prepared from the rat bladder are placed in the inner chamber and all experimental
procedures are performed here.

8 Krebs solution in the chamber were gassed with a mixture of 95% O, and 5% CO, gas at the
bottom of the chamber during the experiment.

!

9 The isometric transducer (Biopac, USA) transmits the responses of the bladder strips to the
applied substance to the Data Acquisition analysis system (MP36, USA) by converting them
into electrical signals.

l
These recordings were analyzed at the end of the experiment and the resulting contraction

10 relaxation responses before and after administration of the active substance in the bladder
smooth muscles were determined.

11 70 Wistar albino rats weighing 250-300 g and ages between 6-7 months were placed into
cages in groups of 10.

l

12 There was no restriction in the maintenance and feeding conditions of the rats during the
experiments.

Table 2. Test groups with used chemicals.
Group | Addition
1 Ammonium Pyrrolidine Dithiocarbamate group (control)
2 Cholinergic  receptor antagonist (atropine)+Ammonium  Pyrrolidine
Dithiocarbamate

3 o adrenoreceptor antagonist (phentolamine)+Ammonium Pyrrolidine
Dithiocarbamate

4 B adreneseptor antagonist (proprimanol)+Ammonium  Pyrrolidine
Dithiocarbamate

5 L-type Ca” channel blocker (nifedipine)*Ammonium Pyrrolidine
Dithiocarbamate

6 K* channel blocker (tetraethylammonium)+Ammonium  Pyrrolidine
Dithiocarbamate

7 Both adrenergic and cholinegic receptor antagonist
(phentolamine+propranol+atropine)+Ammonium Pyrrolidine

Dithiocarbamate
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Table 3. Experimental protocol for rat bladder smooth muscle contraction and relaxation response
measurements.

Steps | Experiment

1 Rats were euthanized by cervical dislocation method.

5 'll'he abdomer_l was opgngd from the media_n line e}nd the bladder was removed and taken
to the petri dish containing Krebs Henseleit solution.

3 éonnective tissues around the bladder were removed.

4 The bladder was then opened with a longitudinal incision from the neck to the top.

The bladder was sectioned 8 mm in length and 2 mm in width and bladder strips were
5 prepared.

The prepared strips were tied with ropes.

The bladder smooth muscle strips were inserted into the organ bath having a
temperature of 37°C and a supplied gas mixture of 95% O, and 5% CO, with Krebs
solution by attaching to the transducer with steel hooks at the upper and lower ends.

7 !

Bladder strips suspended in the isolated organ bath were stabilized for 45 minutes by
washing with a Kreps solution every 15 minutes by applying 1 g of tension.

8 !
After the equilibration period, viability of the organs was tested with 6x102 M KCI.
9 1

After waiting 5 minutes, KCI was removed from the organ by washing 3 times in a row
with Krebs solution.

1
er 10 minutes, 10° ch was given to the bath for pre-contraction.
10 After 10 minutes, 10° M Ach was given to the bath for p tracti
1
11 After 10 min, the groups have received as follows: 2.5x10° M APDTC to the control

group, 10 M atropine to the 2nd group, 10°> M phentolamine to the 3rd group, 10° M
propranolol to the 4th group, 10° M nifedipine to the 5th group, 10° M
tetraethylammonium to the 6th group and 10" M phentolamine+10° M propranolol+10°
12 ® M atropine to 7th group. Then, 2.5x10°M APDTC was applied to all groups except
control group after 15 minutes.

l

The data obtained from the experiments were evaluated by Kruskal Wallis and Mann-
Whitney U tests. p <0.05 values was considered statistically significant.

13

Bath recording lasted 1 hour 43 minutes. To compare, the phenylephrine and antagonist agent range
was used, and then the antagonist PDTC range. The calculation was performed as follows. When
phenylephrine is 100, % value was calculated by establishing the ratio of what would be the
antagonist and what would be APDTC. Simultaneous experiments were carried out in four baths.
SPSS program was used for statistical analysis. When statistical analysis was made in SPSS, both
standard error and standard deviation were calculated and used in statistical processing. We drew the
graphics according to our SPSS results in excel files. We also drew according to bladder
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phenylephrine values in the 100 file. We created p-p values according to this file. First we found the
p-p values. Then we calculated how the drugs affected when the contraction was 100%. Then, we set
the proportion to compare them with phenylephrine, such as what is the value of atropine when
phenylephrine is 100. It also gave us statistical results if there were any significant results. The exact
sig. or asymp. sig. from the mann-whitney test results made us decide whether the difference is
meaningful or meaningless. The data obtained from the experiments were evaluated by applying
mann-whitney u and kruskal wallis tests. p<0.05 values were considered statistically significant.

Figure 1. Rat bladder.

3. RESULTS

In our study, there are seven different groups as control, atropine, phentolamine, propranolol,
nifedipine, tetraethyl ammonium and phentolamine+propranolol+atropine (Mix). Contraction-
relaxation responses of 10* M ACh treated bladder smooth muscles against ammonium pyrrolidine
dithiocarbamate in the presence and absence of antagonists or blockers were investigated in the groups
(Table 4.).

Table 4. Comparison of APDTC between groups.

Groups Control | Atropine | Phentolamine | Propranolol | Nifedipine | TEA | Mix
Control - 0.096 0.008 0.049 0.000 0.940 | 0.000
Atropine 0.096 - 0.003 0.821 0.002 0.070 | 0.049
Phentolamine | 0.008 0.003 - 0.000 0.000 0.010 | 0.000
Propranolol | 0.049 0.821 0.000 - 0.005 0.041 | 0.082
Nifedipine 0.000 0.002 0.000 0.005 - 0.041 | 0.049
TEA 0.940 0.070 0.010 0.041 0.000 - 0.001
Mix 0.000 0.049 0.000 0.082 0.049 0.001 | -

There was a statistically significant difference (p <0.05) on the ACh-induced contractions between the
effect of atropine in the 10° M dose treated group and the groups of phentolamine, nifedipine and
mix. It was found that there was a statistically significant difference (p <0.05) between the effect of
phentolamine treated group with the 10° M dose and all other groups on the ACh-induced
contractions. It was found that there was a statistically significant difference (p<0.05) between the
effect of propranolol treated group with the 10° M dose and the control, phentolamine, nifedipine and
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TEA groups on the ACh-induced contractions. It was found that there was a statistically significant
difference (p <0.05) between the effect of nifedipine treated group with the 10° M dose and all other
groups on the ACh-induced contractions. There was a statistically significant difference (p <0.05) on
the ACh-induced contractions between the effect of TEA in the 10 M dose treated group and the
groups of phentolamine, propranolol, nifedipine and mix. It was found that there was a statistically
significant difference (p <0.05) between the effect of Mix of known doses of the group administered
simultaneously and the other groups except propranolol on the ACh-induced contractions (Figure 2.).

1007
801
60 7
APDTC

40 A

20

0 T T
control atropine phentolamine propranolol nifedipine TEA mix

Figure 2. Effects of APDTC on bladder treated with 10 M Ach in the presence and absence of
antagonist or blocker.

There was a statistically significant difference between ACh contracted bladder smooth muscle
responses and treated APDTC in the presence of atropine. There was also a significant difference
between antagonist atropine and APDTC (p <0.05). The bladder smooth muscle was relaxed with
atropine and continued to relax when APDTC was administered. However, there was no statistically
significant difference (p> 0.05) between the ACh-contracted APDTC-treated control group and the
APDTC-treated group in the presence of atropine. Bladder smooth muscle contraction responses were
not changed after the atropine treatment (Table 5. and Figure 3).

Table 5. Comparison of APDTC in the presence of atropine and atropine.

Atropine ACh | Antagonist | APDTC
ACh - 0.015 0.000
Antagonist | 0.015 | - 0.010
APDTC 0.000 | 0.010 -

34



Journal of Scientific Reports

Dayioglu et all., Journal of Scientific Reports-A, Number 45, 28-49, December 2020.

150

100 -

%CONTRACTION

50

Ach atropine APDTC

Figure 3. The effect of APDTC in the presence of atropine and atropine on bladder smooth muscle
contraction treated with ACh.

There was a statistically significant difference (p <0.05) between ACh-contracted bladder smooth
muscle responses and APDTC in the presence of phentolamine. The bladder smooth muscle was
relaxed with phentolamine and contracted when APDTC was administered in the presence of
phentolamine. There was a statistically significant difference (p<0.05) between the ACh-contracted
APDTC-treated control group and the APDTC-treated group in the presence of phentolamine. The
antagonist phentolamine changed bladder smooth muscle contraction responses (Table 6 and Figure
4).

Table 6. Comparison of APDTC in the presence of phentolamine and phentolamine.

Phentolamine | ACh | Antagonist | APDTC
ACh - 0.001 0.001
Antagonist 0.001 | - 1.000
APDTC 0.001 | 1.000 -
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Figure 4. The effect of APDTC in the presence of phentolamine and phentolamine on bladder smooth
muscle contraction treated with ACh.

There was a statistically significant difference (p<0.05) between ACh-contracted bladder smooth
muscle responses and APDTC treatment in the presence of propranolol. The bladder smooth muscle is
relaxed with propranolol and continued to relax when APDTC was administered in the presence of
propranolol. There was a statistically significant difference (p <0.05) between ACh-contracted and
APDTC treated control group and APDTC treated group in the presence of propranolol. B-
adrenoceptor antagonist propranolol changed bladder smooth muscle responses (Table 7 and Figure
5).

Table 7. Comparison of APDTC in the presence of Propranolol and Propranolol.

Propranolol | ACh | Antagonist | APDTC
ACh - 0.001 0.000
Antagonist | 0.001 | - 0.070
APDTC 0.000 | 0.070 -
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Figure 5. The effect of APDTC in the presence of propranolol and propranolol on bladder smooth
muscle contraction treated with ACh.

There was a statistically significant difference between ACh-contracted bladder smooth muscle
responses and administered APDTC in the presence of nifedipine. There was a statistically significant
difference (p<0.05) between APDTC applied in the presence of nifedipine and calcium channel
blocker nifedipine. The bladder smooth muscle is relaxed with nifedipine and continued to relax when
APDTC was administered. There was a statistically significant difference (p<0.05) between ACh-
contracted APDTC-treated control group and APDTC-treated in the presence of nifedipine group.
Bladder smooth muscle responses were altered by nifedipine administration (Table 8 and Figure 6).

Table 8. Comparison of APDTC in the presence of nifedipine and nifedipine.

Nifedipine | ACh | Antagonist | APDTC
ACh - 0.000 0.000
Antagonist | 0.000 | - 0.000
APDTC 0.000 | 0.000 -
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Figure 6. Effect of APDTC in the presence of nifedipine and nifedipine on ACh treated bladder
smooth muscle contraction.

There was a statistically significant difference (p<0.05) between ACh-contracted bladder smooth
muscle responses and APDTC applied in the presence of tetraethylammonium. The bladder smooth
muscle was relaxed with tetraethyl ammonium and contracted when APDTC was administered in the
presence of tetraethyl ammonium. There was no statistically significant difference (p>0.05) between
ACh-contracted APDTC-treated control group and APDTC-treated group in the presence of
tetraethylammonium. Potassium channel blocker tetraethylammonium did not alter bladder smooth
muscle responses (Table 9 and Figure 7).

Table 9. Comparison of APDTC in the presence of TEA and TEA.

TEA ACh | Antagonist | APDTC
ACh - 0.000 0.001
Antagonist | 0.000 | - 0.290
APDTC 0.001 | 0.290 -
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Figure 7. The effect of APDTC in the presence of tetraethyl ammonium and tetraethyl ammonium on
bladder smooth muscle contraction treated with ACh.

There is a statistically significant difference between ACh-contracted bladder smooth muscle
responses and APDTC applied in the presence of a mix. There was also a statistically significant
difference (p<0.05) between the mix of phentolamine+propranolol+atropine and APDTC applied in
the presence of mix. Bladder smooth muscle was relaxed with mix and continued to relax when
APDTC was applied in the presence of the mix. There was a statistically significant difference
(p<0.05) between ACh-contracted APDTC treated control group and APDTC treated group in the
presence of the mix. Administration of phentolamine+propranolol+atropine changed bladder smooth
muscle responses (Table 10 and Figure 8).

Table 10. Comparison of APDTC in the presence of Mix and Mix.

Mix ACh | Antagonist | APDTC
ACh - 0.001 0.000

Antagonist | 0.001 | - 0.000
APDTC 0.000 | 0.000 -
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Figure 8. The effect of APDTC in the presence of phentolamine+propranolol+atropine (mix) and
phentolamine+propranolol+atropine (mix) on bladder smooth muscle contraction treated with ACh.

4. DISCUSSION AND CONCLUSION

Nuclear factor kappa B (NF-kB), a common transcription factor, regulates various genes encoding
inflammatory mediators. NF-xB signaling is a classic signaling pathway that plays a role in the
inflammatory response as well as regulation of cell proliferation and apoptosis [27]. Pyrrolidine
dithiocarbamate (PDTC) is an antioxidant and has been shown to be effective in the treatment of
various human diseases [28], although it inhibits activation of NF-xB [29]. APDTC affected the
contractile-relaxation responses in bladder smooth muscle and showed that APDTC produces dose-
dependent increased relaxation responses in ACh-contracted bladder smooth muscle [30]. Therefore,
it is necessary to explain the anti-viral, anti-apoptotic, anti-inflammatory and antioxidant effects of
APDTC compound seperately in following examples of studies. According to a study, the anti-viral
effects of PDTC were reported as follows: Previously, it was shown that PDTC inhibits proteolytic
polyprotein processing and replication of human rhinovirus by transporting metal ions into cells. It is
shown that PDTC also inhibits replication of two other picornaviruses: coxsackievirus B3 (CVB3), a
closely related virus that belongs to the genus Enterovirus, and mengovirus, an encephalomyocarditis
virus strain that belongs to the genus Cardiovirus, and that this inhibition is due to the dithiocarbamate
moiety of the compound. Making use of subgenomic replicons, evidence is provided that PDTC
inhibits replication of these two viruses by disturbing viral RNA synthesis. Furthermore, it is shown
that PDTC transports zinc ions into cells and that these zinc ions play an important role in the antiviral
activity mediated by PDTC. Finally, it is shown that PDTC interferes with proteolytic processing of
the polyproteins of both CVB3 and mengovirus, but that the underlying mechanism between these two
viruses differs. In CVB3-infected cells, PDTC interferes strongly with the proteolytic activity of
3CD(pro), as shown by the impaired production of the mature capsid proteins as well as the
autocleavage of 3CD(pro) into 3C(pro) and 3D(pol). In mengovirus-infected cells, however, PDTC
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had no effect on the proteolytic production of capsid proteins or the autocleavage of 3CD(pro).
Instead, PDTC caused the accumulation of a high-molecular-mass precursor protein, due to an
impairment in the primary ‘break’ that normally occurs at the 2A-2B junction. Thus, PDTC disturbs
polyprotein processing and replication of two groups of picornaviruses, enteroviruses and
cardioviruses, but the underlying mechanism is different [31]. According to an another study, the anti-
apoptotic and anti-oxidant effects were reported as follows: Hypoxia induces vascular endothelial
injuries; however, the mechanisms involved and effects of interventions remain unclear. Investigation
was the inflammatory response and oxidative stress in co-cultured neutrophils and vascular
endothelial cells, apoptotic changes in endothelial cells, and effects of the antioxidant, Tempol or the
PDTC, upon endothelial cells under conditions of intermittent and/or continuous hypoxic
exposure. Polymorphonuclear neutrophils co-cultured with human umbilical vein endothelial cells
were subjected to the following conditions: intermittent normoxia (IN), intermittent hypoxia (IH),
continuous hypoxia (CH), intermittent with continuous hypoxia (OS), OS+Tempol (OS+T), or
OS+PDTC (OS+P) for 2, 5, or 8 h. Inflammatory factors, TNF-a and IL-6, the adhesion molecule,
ICAM-1, CAT activity, and MDA concentrations in supernatants from the co-culture as well as pro-
(Bak) and anti-(Bcl-xI) apoptotic gene expression levels in the endothelial cells were
determined. Inflammatory factors, adhesion molecules, oxidative stress, and apoptosis genes in all
groups showed significant, time-dependent increases as compared with the IN group. TNF-a, IL-6,
ICAM-1, and MDA levels in the OS group were increased, while CAT was decreased as compared
with that observed in the IH, CH, OS+T, and OS+P groups. Bcl-x1 expression and Bcl-x1/BAK ratios
were decreased and BAX increased in the OS versus IH, CH, OS+T, or OS+P groups. Both pro- and
anti-apoptotic proteins showed time-dependent increases, while the Bcl-x1/BAK ratio decreased over
these times. Tempol and PDTC partially prevented these effects. Inflammation, oxidative stress, and
apoptosis are all involved in vascular endothelial injury induced by OS. Anti-inflammatory and anti-
oxidative interventions can partially improve effects of OS [32]. According also to an another study,
the anti-inflammatory effects were reported as follows: PDTC is a thiol compound that elicits anti-
inflammatory effects by inhibiting NF-xB signaling. Study report that regulator of calcineurin activity
1 (RCANL1) expression is induced by PDTC treatment and that increased RCANL1 expression is
dependent on the generation of reactive oxygen species (ROS) and activation of p38 MAPK and JNK
signaling. It is also reported that the ability of PDTC to induce RCANL1 is mediated by activator
protein-1 (AP-1)-dependent gene transcription, and identified a functional AP-1 binding site in the
RCANL1 promoter by producing mutations and conducting chromatin immunoprecipitation (ChIP)
analyses. Moreover, we show that the PDTC-mediated inhibitory effect on NF-xB signaling is
significantly perturbed by knocking out RCAN1. The data provide the first evidence that PDTC
prevents in vivo expression of pro-inflammatory cytokines by inducing RCAN1 expression [33]. After
all, since the mechanism of action of APDTC, which has been proven to relax bladder smooth muscle,
has not been elucidated, we investigated the mechanism of action of APDTC in bladder smooth
muscle in vitro.

In this study, seven different groups (control, atropine, phentolamine, propranolol, nifedipine, TEA
and phentolamine+propranolol+atropine) were set to determine whether APDTC used some channels
and receptors in rat bladder smooth muscle treated with ACh. 2.5x10° M APDTC produced a
relaxation response in the bladder smooth muscle. According to the experimental results obtained
from the atropine group, there was no significant difference in contraction responses between Ach
treated rats with 2.5x10° M APDTC administration in the presence of 10° M atropine and 2.5x10™ M
APDTC administration to the control group. In the presence of 10° M atropine, APDTC relaxed the
bladder smooth muscle. Similarly, 10° M atropine has been shown to inhibit the Ach caused
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contraction of bladder rat bladder smooth muscle [34]. Admiministration of APDTC in the presence
of atropine ensures that relaxation continues to increase significantly, indicating that 2.5%x10"° M doses
of APDTC do not use muscarinic-cholinergic pathways in the bladder smooth muscle. Whether M3
cholinergic receptor signal transduction pathway is involved in regulation of the activation of NF-xB
and the expression of chemokine MOB-1, MCP-I genes in pancreatic acinar cells were investigated.
Rat pancreatic acinar cells were isolated, cultured and treated with carbachol, atropine and PDTC in
vitro. The MOB-1 and MCP-1 mRNA expression was detected by using RT-PCR. The activation of
NF-xB was monitored by using electrophoretic mobility shift assay. The results showed that as
compared with control group, M3 cholinergic receptor agonist (10 mol/L, 10 mol/L carbachol)
could induce a concentration-dependent and time-dependent increase in the expression of MOB-1,
MCP-1 mRNA in pancreatic acinar cells. After treatment with 10° mol/L carbachol for 2 h, the
expression of MOB-1, MCP-1 mRNA was strongest. The activity of NF-kB in pancreatic acinar cells
was significantly increased (p<0.01) after treated with M3 cholinergic receptor agonist (10° mol/L
carbachol) in vitro for 30 min. Either M3 cholinergic receptor antagonist (10 mol/L atropine) or NF-
kB inhibitor (107 mol/L PDTC) could obviously inhibit the activation of NF-xB and the chemokine
MOB-1, MCP-1 mRNA expression induced by carbachol (p<0.05). This inhibitory effect was
significantly increased by atropine plus PDTC (p<0.01). The results of these studies indicated that M3
cholinergic receptor signal transduction pathway was likely involved in regulation of the expression of
chemokine MOB-1 and MCP-I genes in pancreatic acinar cells in vitro through the activation of NF-
kB [35].

According to the results of the phentolamine group, the administration of 2.5x10"> M dose of APDTC
in the presence of 10° M phentolamine in the bath caused a statistically significant difference
compared to 2.5x10° M APDTC administrated to the control group. In the presence of 10° M doses
of phentolamine, APDTC increased bladder smooth muscle contractions. Reversed relaxation effect of
phentolamine by APDTC was not significant. APDTC acted as antagonist against phentolamine.
Phentolamine, a potent adrenergic receptor antagonist, blocks the adrenergic receptors to which
phenylephrine binds to cause urethral smooth muscle contraction. When these receptors are blocked,
phentolamine cannot trigger the expected contraction response and the contraction cannot be expected
in the urethral smooth muscles [36]. The increase in contractions is not important, and so APDTC
continues its relaxation effect. However, phentolamine has caused a decrease in the relaxation caused
by APDTC, and therefore APDTC may be partially using a-adrenergic receptors. Epinephrine
increased gene- and protein-expression of interleukin-6 (IL-6) and interleukin-11 (IL-11), which are
capable of stimulating the development of osteoclasts from their hematopoietic precursors, in human
osteoblast (SaM-1) and human osteosarcoma (Sa0OS-2, HOS, and MG-63) cell lines. An increase in
IL-6 and IL-11 synthesis in response to epinephrine appeared to be a common feature in osteoblastic
cells, but the magnitude of expression was different in these cell lines. In HOS cells treated with
epinephrine, increases of IL-6 and IL-11 synthesis were inhibited by timolol (a beta-blocker), H-89
(N-[2-((p-bromocinnamyl)amino)ethyl]-5-isoquinolinesulfonamide; an inhibitor of protein kinase A
(PKA)) and SB203580 [4-(4-fluorophenyl)-2-(4-methylsulfinylphenyl)-5-(4-pyridyl)1H-imidazole; an
inhibitor of p38 mitogen-activated protein kinase (MAPK)], but not by phentolamine (an alpha-
blocker), calphostin C [an inhibitor of protein kinase C (PKC)], or PD98059 (2'-amino-3'-
methoxyflavone; an inhibitor of classic MAPK), suggesting a common pathway mediated by beta-
adrenergic receptors in the PKA and p38 systems involved in the signal transduction of IL-6 and IL-
11. Furthermore, expression of both genes was inhibited by curcumin [an inhibitor of activating
protein-1 (AP-1) activation], but not by PDTC. The pharmacological study suggested that co-
induction of the two genes in response to epinephrine occurred via activation of AP-1. The findings
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suggest that coinduction of 1L-6 and IL-11 in response to epinephrine probably occurs via the PKA
and p38 MAPK systems, leading to the transcriptional activation of AP-1 in human osteoblastic cells
[37].

There was a statistically significant difference between 2.5x10° M APDTC in bladder smooth muscle
in the presence of 10° M propranolol dose and 2.5x10° M APDTC applied to the control group. The
dose of 10°® M propranolol in the bladder smooth muscle treated with ACh produced relaxation.
APDTC maintained its relaxation responses. APDTC and propranolol acted as agonists together, as
relaxation continued to increase compared to control group results. Propranolol increases the
amplitude of spinal reflex bladder contractions. It has been shown that o-1 and a-2 adrenergic
receptors, possibly mediated by sympathetic efferent pathways in the hypogastric nerves or
sympathetic chain, can suppress tonic contraction activation by affecting regions of the bladder
smooth muscle [38]. Blocking of B-adrenergic receptors with propranolol increased the relaxation
effect of APDTC. As a result, it cannot be said that APDTC exerts its effect through these receptors.
Interaction of peroxisome proliferator-activated receptor y coactivator-la (PGC-1a) with other
cellular signalling pathways plays an important role in training-induced mitochondrial adaptations.
The study examined whether PDTC and propranolol would affect the PGC-1a-induced mitochondrial
transcription factors, enzymes and proteins involved in energy metabolism and antioxidant defense in
response to endurance training. Female Sprague-Dawley rats (aged 8 weeks) were randomly divided
into two groups (n = 24), one subjected to 8 weeks of treadmill training and one remaining sedentary.
Each group of rats was subdivided into three groups that were injected (i.p.) daily with PDTC (50 mg
(kg body weight)™), propranolol (30 mg kg™) or saline as a control 1 h before the daily exercise
session. Sedentary PDTC-treated rats showed 75% higher PGC-la content (p<0.01) but lower
mitochondrial transcription factor A and phosphorylated cAMP-responsive element binding protein
(p-CREB) than control rats. Training increased PGC-1a by 57% (p<0.01), cytochrome ¢ oxidase 4 by
30% (p<0.05) and p-CREB by 13% (p<0.05), whereas the mitochondrial mitofusin-2 level was
decreased by 24% (p<0.01). Treatment with PDTC decreased PGC-1a and p-CREB content by 34 and
53% (p<0.05), respectively, in trained rats and abolished training effects on cytochrome ¢ oxidase 4
and mitochondrial mitofusin-2. None of the training effects was abolished by propranolol treatment.
Mitochondrial superoxide dismutase activity was decreased with PDTC, whereas training-induced
glutathione peroxidase activity was unaltered by either drug. This indicates that nuclear factor-xB-
inhibitory and antioxidant properties of PDTC can attenuate PGC-la-mediated mitochondrial
adaptation to endurance training, whereas the B-adrenergic pathway has little adverse effect [39].

There was a significant difference between 2.5x10° M APDTC in nifedipine 10° M dose group and
the APDTC in ACh treated group. Nifedipine inhibited ACh contraction responses in the bladder,
resulting in relaxation. L-type calcium channel blocker nifedipine was found to block 75-80% of
contractile responses in isolated rat detrusor smooth muscle [40]. Nifedipine has been shown to reduce
the number and amplitude of contractions on detrusor contractions and increase bladder capacity [41].
It is indicated that bladder Ca®" in rats are collected from both intracellular and extracellular pools
during both spontaneous and stimulated contractions. Nifedipine inhibits the tone and spontaneous
activity of the isolated rat bladder [42]. The relaxation effect of nifedipine created continued with
APDTC in statistically significant manner. Nifedipine increased the effect of APDTC even more, and
blocking of the channels did not change this effect. We can say that blocking L-type calcium channels
will increase the effect of APDTC. Ca”*/calmodulin-dependent protein kinase 11 (CaMKI1) and NF-kB
play crucial roles in pathogenesis of doxorubicin (DOX)-induced cardiomyopathy. Their activities are
regulated by intracellular Ca®". It is hypothesized that blockade of L-type Ca®* channel (LTCC) could

43



Journal of Scientific Reports

Dayioglu et all., Journal of Scientific Reports-A, Number 45, 28-49, December 2020.

attenuate DOX-induced cardiomyopathy by regulating CaMKII and NF-xB. DOX activated CaMKII
and NF-xB through their phosphorylation and increased cleaved caspase 3 in cardiomyocytes.
Pharmacological blockade or gene knockdown of LTCC by nifedipine or small interfering RNA,
respectively, suppressed DOX-induced phosphorylation of CaMKIIl and NF-xB and apoptosis in
cardiomyocytes, accompanied by decreasing intracellular Ca** concentration. Autocamtide 2-related
inhibitory peptide (AIP), a selective CaMKII inhibitor, inhibited DOX-induced phosphorylation of
NF-kB and cardiomyocyte apoptosis. Inhibition of NF-xB activity by APDTC suppressed DOX-
induced cardiomyocyte apoptosis. DOX-treatment (18 mg/kg via intravenous 3 injections over 1
week) increased phosphorylation of CaMKII and NF-kB in mouse hearts. Nifedipine (10 mg/kg/day)
significantly suppressed DOX-induced phosphorylation of CaMKII and NF-kB and cardiomyocyte
injury and apoptosis in mouse hearts. Moreover, it attenuated DOX-induced left ventricular
dysfunction and dilatation. Our findings suggest that blockade of LTCC attenuates DOX-induced
cardiomyocyte apoptosis via suppressing intracellular Ca®* elevation and activation of CaMKII-NF-
kB pathway. LTCC blockers might be potential therapeutic agents against DOX-induced
cardiomyopathy [43].

There was no statistically significant difference between the study results of 2.5x10° M APDTC
administered organ bath containing 10° M TEA and study results of the control group. The bladder
was relaxed by TEA. APDTC reversed the effect of TEA and caused contraction. It has been shown
that TEA is able to block the potassium channels of the inducible membranes that prolapse
repolarization and the penetration of calcium ions [44]. TEA blocks the calcium-activated potassium
channel, causing membrane depolarization and increased muscle contractions [45]. Potassium channel
blocker TEA showed an inhibitory effect on bladder contraction. Contractions created with APDTC
are not important enough to alter the relaxation response. It was suggested that the 2.5x10° M dose of
APDTC was using different pathways other than potassium channels. These result is a new finding
and there is no study so far in the literature.

To determine the effect of the NANK system on the mechanism of action of APDTC, 10° M
phentolamine+10® M propranolol+10® M atropine (mix group) was applied to the bladder smooth
muscle. 2.5x10° M APDTC was applied to the organ bath containing the mix and there was a
significant difference between the control group. Mix mixture in bladder smooth muscle produced a
relaxation response. APDTC continued to increase relaxation by creating agonistic effect with the mix
group. The mix group had more relaxant effects than phentolamine, propranolol and atropine
administered in separate groups on ACh-induced contractions. Increasing effect of APDTC as a result
of the significant difference between the APDTC relaxant effect in the control group and the mix
group showed that it did not use adrenergic and cholinergic routes.

In this study, we investigated the mechanism of action of APDTC with proven antioxidant and anti-
inflammatory effects in bladder smooth muscle, and showed that APDTC created relaxation response
in rat bladder smooth muscle induced by ACh. This response was altered by the a-adrenergic receptor
antagonist phentolamine, suggesting that APDTC may be effective through the o-adrenergic receptor.
On the other hand, the results suggested that the NANK system, which plays an important role in
bladder smooth muscle contraction-relaxation, will help to clarify the APDTC mechanism hopefully
in further studies.
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ABSTRACT

Ammonium Pyrrolidine Dithiocarbamate (APDTC) is an inhibitor of nuclear factor kappa b (NF-xB).
Beside of these function, its antitumoral, antioxidant, anticarcinogenic and antiviral properties and
also apoptosis inhibiting effect in smooth muscle cells were determined. Our experiments aimed to
investigate the mechanism of action of APDTC on rat aortic smooth muscle. Some adrenergic and
cholinergic receptors, I-type Ca®* channels and K* channels were blocked in 7 different groups, and
therefore the action mechanism of APDTC whether is used or not on which channels and receptors
and the extent to which they are effective were aimed to be determined. The contraction-relaxation
responses after the administration of APDTC, atropine, phentolamine, propranolol, nifedipine,
tetraethylammonium (TEA) and mix (atropine+phentolamine+propranolol) on living state controlled
with potassium chloride (KCI) and blocked nitric oxide (NO) synthesis with I-n%-nitro arginine methyl
ester (L-NAME) in the pre-contraction-induced aortic preparations with phenylephrine were
investigated. The obtained data were evaluated by kruskal wallis and mann-whitney u tests. APDTC
created the relaxation response in the aortic smooth muscle. Cholinergic receptor blocker atropine, a-
adrenergic receptor blocker fentolamine, p-adrenergic receptor blocker propranolol, I-type calcium
channel blocker nifedipine and potassium channel blocker TEA did not alter the relaxation response of
APDTC. In the mix group consisting of atropine+phentolamine+propranolol, APDTC created a
significant contraction response. It has been determined that APDTC can be effective on these
systems via different mechanisms.

Keywords: APDTC, aorta, non- adrenergic non- cholinergic (NANC) system, L-NAME,
phenylephrine, adrenergic, cholinergic, calcium channels, potassium channels.
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1. INTRODUCTION

The aorta is the most functional vessel that transmits blood to all parts of the body. The thickness of
the aorta is approximately 2.5 cm. The blood cycle in the body lasts 60 seconds. The pressure in the
aorta, brachial and other large arteries in a young adult human increases to a peak of approximately
120 mm Hg (systolic pressure) during each heart cycle and decreases to a minimum (diastolic
pressure) of about 70 mm Hg [1].

APDTC is a NF-xB inhibitor. APDTC has antioxidant effects. It inhibits apoptosis in vascular
endothelial cells, lymphocytes and neurons. It inhibits apoptosis in leukemia cells (HL-60) [2]. A
significant increase in TAK was detected in rats treated with APDTC (0.70+0.01 umol/mg protein).
APDTC has been found to increase anti-oxidant enzyme activity in cholestasis dependent hepatic
injury model. This result with APDTC is actually not surprising [3]. After showing that aldesterone
was effective in 1992, it was revealed that there were aldesterone receptors in the corpus cavernosum.
After investigating the penile tissues obtained from mature men, it was revealed that aldesterone did
not have a direct relaxant effect, but increased the effect of neurarenaline [4] . APDTC inhibits DON-
induced mitochondrial dysfunction and apaptosis via the NF-kB/iNOS pathway [5]. In models with
inflammatory disease, the therapeutic effect of antioxidants as potential NF-kB inhibitors has been
determined [6]. In the collagen-induced joint inflammation model, the anti-oxidant effect of APDTC
in brain, stomach, lung, myocardia, organ injuries, renal ischemia/reperfusion was investigated.
APDTC protects against NF-xB through pathological effects induced by some different stimuli,
including lipopolysaccharide and cytokines [7]. AMTB and APDTC administered intrathecally affect
TRPMS8 and NF-xB in the spinal dorsal horn, even the brain [8]. It revealed the fact that inactivation
of autophagy using APDTC reduces damage to the intestinal mucosal barrier. The effects of
autophagy inactivation were largely dependent on the dosage of APDTC. Overactive autophagy may
be weakened in accordance with physiology when using low or medium dose of APDTC. Using high-
dose APDTC can completely inhibit autophagy and lead to decreased survival of instestinal mucosal
cells. In this study, 10 mg/kg APDTC was shown to inhibit autophagy and perform best in
maintaining inestinal mucosal integrity. The bi-directional efficacy of APDTC also requires the
therapeutic window of APDTC, or other autophagy inhibitors, to be carefully investigated in humans
[9]. The effects of Klotho were determined to be comparable to NF-kB inhibition, with the inhibition
of NF-kB nuclear translocation and inhibition of APDTC administration, which is reported to inhibit
DNA binding activity. Accumulating evidence suggests that the anti-aging protein Klotho plays an
important role in inhibiting NF-kB and preventing nuclear translocation [10]. After injecting the
APDTC, the pH of the gastric juice did not change significantly, but the promotional effect of NaHS
on gastric acid secretion can be inhibited by APDTC. The pH value of the gastric juice changed values
from 5.41+0.32 before injection, to 5.34+0.36 (p> 0.05) after injection. There is no significant
difference after enterocele is injected with APDTC+NaHS. These results show that NaHS is involved
in the control of gastric acid secretion by activating the NF-kB pathway [11].

Muscle fibers are structures that convert chemical energy into mechanical energy by spending ATP
energy [12]. According to their microscopy, they are classified as striped and smooth muscles. The
reason is due to the different physical properties of contractile proteins [13]. Muscle tissues can be
stimulated, contracted, stretched and relaxed [14]. Smooth muscle cells are found on the walls of
various organs and pipes of the body along with blood vessels, stomach, intestine, bladder, respiratory
tract, penis, uterus and clitoral carenosal sinuses. Smooth muscle usually consists of smaller fibers, 1.5
um in diameter and 20-500 pm in length [15]. The concentration of myosin in smooth muscle is only
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one third of myosin in striated muscle, while the actin concentration can be twice as high. Despite
these differences, the maximal tension per sectional unit developed from smooth muscles and the
maximal tension developed in skeletal muscle are similar [16]. Smooth muscle activities are different.
In some organs, smooth muscle cells are active by constantly maintaining a tonus level [12]. Smooth
muscle cells cause tonic and phasic contractions in response to load or length changes. Smooth muscle
cells, completely separate from the stimulant, use the cross-bridge between actin and myaosin strands
to produce strength, and Ca*" ions trigger contraction [17]. Similar to skeleton and heart muscles, Ca**
plays a significant role in initiating smooth muscle contraction. However, the source of Ca®* increase
in unitary smooth muscle may be very different [18]. In order to relax contracted smooth muscle,
myosin needs to be dephosphorylated because dephosphorylated myosin can not bind to actin. Myosin
light chain phosphotase enzyme, which is constantly active in the smooth muscle during rest and
contraction periods, mediates dephosphorilation. When cytosolic calcium rises, the myosin
phosphorylation rate of activated kinase exceeds the phosphotase dephosphorylation rate, and
therefore the amount of phosphorylated myosin in the cell increases and the tension increases. When
the cytosolic calcium concentration decreases, the dephosphorylation rate exceeds the phosphorylation
rate, and the amount of phosphorylated myosin is low and relaxation occurs [16]. However,
dephosphorylation of myosin light chain kinase does not lead to smooth muscle relaxation. There are
several mechanisms. One is the latch bridge mechanism, that is, the myosin cross bridges continue to
hold on to actin for a while after the cytoplasmic calcium concentration has decreased. This little
energy produces continuous contraction and is especially important in vascular smooth muscles [18].
In addition to the cellular mechanisms that increase smooth muscle contraction, there are also cellular
mechanisms that cause relaxation. This feature is important in the smooth muscles surrounding the
blood vessels in order to increase blood circulation. It has long been known that endothelial cells,
which line the inside of blood cells, secrete a substance NO that relaxes smooth muscle. NO produced
in endothelial cells can spread into smooth muscle to act. Once becoming intramuscular, NO directly
activates the soluable guanylate cyclase to produce another second messenger molecule, cyclic
guanosine monophosphate (cGMP). This molecule activates ion channels, Ca homeostasis,
phosphatases, or cGMP-specific protein kinases that may affect them all, leading to smooth muscle

relaxation [18].

Atropine or I-hyocyanimine is an alkaloid obtained from the leaves of Atropa bellodona and Datura
stramonium plants of solanacea family and effective in the peripheral system [19]. Atropine is a non-
selective muscarinic receptor antagonist. The binding strength of muscarinic receptor antagonists to
the receptor may overlap among various subtypes [20]. It reduces parasympathetic tone to keep
sympathetic activity high. Atropine has the ability to change the cardiac rhythm [19]. Atropine and
bomatropine and similar drugs such as scopolamine inhibit the effect of acetylcholine on the
muscarinic types of cholinergic effector organs [21]. Imidazoline-derived phentolamine is a non-
selective a-adrenergic receptor antagonist. Phentolamine effects are nonselective. Phentolamine have
equal binding points on alpha-1 and alpha-2 receptors [22]. Nifedipine is a predominant calcium
antagonist with vascular effects. Nifedipine inhibits voltage-dependent L-type Ca** channels in
cardiac-related smooth muscle cell membranes. Nifedipine is a short-acting Ca** antagonist [19]. TEA
has K* channel blocker effect. It is the first substance showing ganglion blocker effect [23]. Taurine is
blocked by TEA. However, 4-AP facilitates K™ flow by a mechanism which is not affected by
glibenclamide, iberiotoxin or barium chloride (BaCl,). TEA has the effect of blocking the potassium
channel, which may be contrary to the effect of taurine. The vasorelaxan effect of taurine in rat
isolated arteries is reduced by TEA [24]. Most K* channels are blocked by externally supplied TEA.
However, sensitivity to TEA is different in various K* channel types [25]. The system that is not
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related to neither the cholinergic nor adrenergic part of the autonomic nervous system is called the
NANC system.

Both neuronal NO and endothelial NO have vasodilation effects. NO is thought to be the major
neuromediatory of NANC in most parts of the body. NO is synthesized from an amino acid (I-
arginine) at the nerve endings by NO synthetase [19]. In addition to adrenergic and cholinergic
conduction in the autonomic nervous system, it provides conduction in dopaminergic, peptidergic and
purinergic nerves [23]. NANC fibers were defined in 3 groups. The neurotransmitter of the purinergic
fibers is ATP and cause vasoconstriction. The neurotransmitter of nitrosidergic fibers is NO. It causes
vasodilatation. The neurotransmitter of the peptidergic nerves is vasoactive intestinal peptide (VIP) or
peptide related to the calcitonin gene (CGRP) [26]. Phenylephrine is a synthetic alpha antagonist that
is partially selective to alpha-1 receptors. It increases systolic and diastolic blood pressures by causing
vasoconstriction [23].

Isolated tissue and isolated organ preparations have been in use for over one hundred years, providing
researchers with convenient biological models that exist without the systemic influences of the intact
animal [27]. Isolated preparations can permit molecular biologists to quantitate the physiological
impact of the expression of these altered genetic sequences at the tissue and organ level [28]. Some
isolated organ baths are ADInstruments, DMT, Orchid Scientific, Ugo Basile and Campden
Instruments Ltd. [29].

Our experiments aimed to investigate the mechanism of action of APDTC on rat aortic smooth
muscle. The mechanism of action of APDTC is not fully elucidated and, therefore, it is possible to
inhibit the effects of a-adrenergic and B-adrenergic receptors, cholinergic receptors, I-type Ca®'
channels and K* channels in aortic smooth muscle contraction and dilatation responses with the aim of
investigating whether these factors are effective or not in the mechanism of action of APDTC. Some
adrenergic and cholinergic receptors, I-type Ca?* channels and K* channels were blocked in 7 different
groups, and therefore the action mechanism of APDTC whether is used or not on which channels and
receptors and the extent to which they are effective were aimed to be determined. The contraction-
relaxation responses after the administration of APDTC, atropine, phentolamine, propranolol,
nifedipine, TEA and mix (atropine+phentolamine+propranolol) on living state controlled with
potassium chloride (KCI) and blocked nitric oxide (NO) synthesis with L-NAME in the pre-
contraction-induced aortic preparations with phenylephrine were investigated.

2. MATERIALS AND METHODS

2.1. Laboratory Animal Supply

This study was carried out at Kiitahya Dumlupinar University (KDPU) Experimental Animals
Breeding Application and Research Center in the Faculty of Science and Art, Biology Department,
Physiology Laboratory. The study was approved by KDPU Animal Experiments Local Ethics
Committee (HAYDEK) with the decree of 2015.12.05. In the experiments, 70 male wistar albino rats,
produced in Saki Yenilli Experimental Animals Production Center, were used. The rats were fed ad
libitum in well ventilated rooms, at the normal day and night cycles, with standard industrial feed and
tap water. The studies were carried out immediately after obtaining the permission of the Animal
Ethics Committee. 70 male rats weighing 300-350 g with ages of 6 and 7 months held by
Experimental Animal Breeding Application and Research Center Laboratory were placed in cages as
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following groups presented in 2b and 2c sections with all the experimental groups and procedures
were explained.

2.2. Designing Test Groups

Test groups with used chemicals were as follows: 1st group is APDTC group (control), 2nd group is
alpha adrenoreceptor antagonist (phentolamine)+APDTC, 3rd group is beta adrenoceptor antagonist
(propranolol)+APDTC, 4th group is cholinergic receptor antagonist (atropine)+APDTC, 5th group is
I-type calcium channel blocker (nifedipine)+APDTC, 6th group is potassium channel blocker
(TEA)+APDTC and finally 7th group is both adrenergic and cholinegic receptor antagonist
(phentolamine+propranolol+atropine)+APDTC. 10 animals were used per group.

2.3. Experimental Protocol

Experimental protocol for rat aorta smooth muscle contraction and relaxation response measurements
is in detail as follows: After the animals were Killed by cervical dislocation method, the thoracic aorta
was removed by cutting from the neck to the abdomen (Figure 2.1). The reason that we use the
cervical dislocation method is to avoid hormonal changes. Then, it was left into krebs-henseleit
solution and was seperated from the surrounding connective tissue and then 3 mm circular sections
were obtained. The weight of each organ was determined by precision scales. Isolated organs were
placed in an organ bath. The temperature of the isolated organ bath was brought to 37°C and the a gas
mixture of 95% 0,-% CO, was applied to the bath to oxygenate tissues. Tissue preparations under 1 g
strain in the isolated organ bath were equilibrated by washing them with a krebs-henseleit solution for
45 minutes in every 15 minutes. The viability of the organs was tested with 6x102 M KCI. The organ
was washed three times with krebs-henseleit solution by fill-and-empty technique to remove KCI from
the bath. After 5 minutes, 102 M L-NAME was given to stop the NO effects. 10* M phenylephrine
was added to the bath for precontraction. After 10 minutes, the antagonist or blocking agent was
added to the designated groups in the bath. As the 1st group was the control group, only APDTC was
administered, 10° M phentolamine in the 2nd group, 10° M propranolol in the 3rd group, 10° M
atropine in the 4th group, 10°® M nifedipine in the 5th group, 10 M TEA in the 6th group and finally
7th group with phentolamine+propranolol+atropine were used. 5.5x10° M APDTC was added 15
minutes after the antagonist administered to the other groups except the first group. We waited 10
minutes and the relaxation responses of the organ to the given chemicals were recorded in the data
acquisition analysis system via the isometric transducer. All solutions during the experiment were
prepared with distilled water. We used the isolated organ bath from Commat, Turkey with data
acquisition analysis system from MP36, USA and isometric transducers from Biopac, USA.

2.4. Statistical Analysis

Bath recording lasted 1 hour 43 minutes. To compare, the phenylephrine and antagonist agent range
was used, and then the antagonist PDTC range. The calculation was performed as follows. When
phenylephrine is 100, % value was calculated by establishing the ratio of what would be the
antagonist and what would be APDTC. Simultaneous experiments were carried out in four baths.
SPSS program was used for statistical analysis. When statistical analysis was made in SPSS, both
standard error and standard deviation were calculated and used in statistical processing. We drew the
graphics according to our SPSS results in excel files. We also drew according to aortic phenylephrine
values in the 100 file. We created p-p values according to this file. First we found the p-p values. Then
we calculated how the drugs affected when the contraction was 100%. Then, we set the proportion to
compare them with phenylephrine, such as what is the value of atropine when phenylephrine is 100. It
also gave us statistical results if there were any significant results. The exact sig. or asymp. sig. from
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the mann-whitney test results made us decide whether the difference is meaningful or meaningless.
The data obtained from the experiments were evaluated by applying mann-whitney u and kruskal
wallis tests. p<0.05 values were considered statistically significant.

3. RESULTS

In our study, 7 different groups were studied as 1st group as the control group, 2nd group as atropine
group, 3rd group as phentolamine group, 4th group as propranolol group, 5th group as nifedipine
group, 6th group as TEA group and 7th group as mix group (phentolamine+propranolol+atropine).

In our study, contraction-dilatation responses of the tissue to APDTC were investigated by applying
various antagonists or channel blockers to pre-contracted aortic tissue with phenylephrine. There was
a significant difference between nifedipine administered group and phentolamine group, propranolol
group and mix groups (p<0.05). There was a significant difference between
phentolamine+propranolol+atropine-treated mix group and control group, atropine group and
nifedipine group (p<0.05) (Table 1 and Figure 2). APDTC on y axis in Figure 2 shows contraction
percentage of smooth muscle of aorta by adding APDTC on pre-contracted aorta with phenylephrine
in the presence and absence of antagonists or blockers in all 7 groups. Figure 2 is the comparison of
all groups in one graph.
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Figure 2. Effects of APDTC on pre-contracted aorta with phenylephrine in the presence and absence
of antagonists or blockers.
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Table 1. Comparison of APDTC among groups. There was a significant difference between
nifedipine administered group and phentolamine group, propranolol group and mix groups (p <0.05).
There was a significant difference between phentolamine+propranolol+atropine-treated mix group and
control group, atropine group and nifedipine group (p <0.05). Values that are smaller than 0.05 are in

bold.

Groups Control | Atropine | Phentolamine | Propranolol | Nifedipine | TEA | Mix
Control - 0.450 0.070 0.174 0.450 0.450 | 0.041
Atropine 0.450 - 0.131 0.326 0.070 0.940 | 0.023
Phentolamine | 0.070 0.131 - 0.734 0.008 0.199 | 0.880
Propranolol 0.174 0.326 0.734 - 0.023 0.364 | 0.940
Nifedipine 0.450 0.070 0.008 0.023 - 0.131 | 0.000
TEA 0.450 0.940 0.199 0.364 0.131 - 0.112
Mix 0.041 0.023 0.880 0.940 0.000 0.112 | -

There was a significant difference between precontraction responses induced by phenylephrine in the
aortic smooth muscle and APDTC responses in the presence of atropine (p <0.05). APDTC showed a
contraction response in the presence of atropine on the contraction induced by phenylephrine in aortic
tissue. However, there was no significant difference between the control and atropine group.
Phenylephrine-contracted aortic smooth muscle relaxation responses of APDTC did not affect

atropine, a nonselective muscarinic receptor antagonist (p> 0.05) (Table 2 and Figure 3).
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Figure 3. The effect of APDTC in the presence of atropine and atropine substance on aortic
contraction.
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Table 2. Comparison of APDTC in the presence of atropine and by atropine. There was a significant
difference between precontraction responses induced by phenylephrine in the aortic smooth muscle
and APDTC responses in the presence of atropine (p <0.05). Values that are smaller than 0.05 are in
bold.

Atropine Phenylephrine | Antagonist | APDTC
Phenylephrine | - 0.001 0.001
Antagonist 0.001 - 0.257
APDTC 0.001 0.257 -

There was a significant difference between the contraction responses of phenylephrine and
phentolamine in aortic smooth muscle (p<0.05). APDTC showed contraction response in the presence
of phenylephrine. There was no significant difference between the control group and phentolamine
group. Phenylephrine-contracted aortic smooth muscle relaxation responses of APDTC were not
affected by (p>0.05) (Table 3 and Figure 4).
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Figure 4. The effect of APDTC on aortic contraction in the presecence of phenilephrine and
phentolamine.

Table 3. Comparison of APDTC in the presence of phentolamine and phenylephrine. There was a
significant difference between the contraction responses of phenylephrine and phentolamine in aortic
smooth muscle (p<0.05). Values that are smaller than 0.05 are in bold.

Phentolamine | Phenylephrine | Antagonist | APDTC
Phenylephrine | - 0.000 0.419
Antagonist 0.000 - 0.762
APDTC 0.419 0.762 -
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There was no significant difference between precontraction responses in the aortic smooth muscle
with phenylephrine and APDTC responses in the presence of propranolol (p> 0.05). APDTC showed
a relaxing effect in the presence of propranolol on contraction of aortic tissue with phenylephrine. At
the same time, the contraction effect of propranolol turned into a relaxing effect with the
administration of APDTC. There was no significant difference between the control group and the
propranolol administered group (p> 0.05) (Table 4 and Figure 5).
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Figure 5. Effect of APDTC on aortic contraction with and presence of propranolol.

Table 4. Comparison of APDTC with and in the presence of propranolol.

Propranolol Phenylephrine | Antagonist | APDTC
Phenylephrine | - 0.419 0.106
Antagonist 0.419 - 0.307
APDTC 0.106 0.307 -

There is a significant difference in aortic smooth muscle contractile responses between APDTC
responses in the presence of nifedipine and phenylephrine (p <0.05). There was no significant
difference between the control group and nifedipine administered group (p> 0.05). APDTC showed a
relaxing effect on contraction of aortic tissue with phenylephrine in the presence of nifedipine. In
addition, the relaxant effect of nifedipine continued increasing gradually with the administration of
APDTC (p <0.05) (Table 5 and Figure 6).
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Figure 6. The effect of APDTC on aortic contraction with and in the presence of nifedipine.

Table 5. Comparison of APDTC with and in the presence of nifedipine. There is a significant
difference in aortic smooth muscle contractile responses between APDTC responses in the presence of
nifedipine and phenylephrine (p <0.05). The relaxant effect of nifedipine continued to increase
gradually with the administration of APDTC (p <0.05). Values that are smaller than 0.05 are in bold.

Nifedipine Phenylephrine | Antagonist | APDTC
Phenylephrine | - 0.001 0.000
Antagonist 0.001 - 0.016
APDTC 0.000 0.016 -

There was a statistically significant difference between contraction responses with phenylephrine and
potassium channel blocker TEA in aortic smooth muscle (p <0.05). TEA, a potassium channel blocker
in the aortic tissue, produced a relaxation response. However, there was no significant difference
between the control group and the TEA administered group (p> 0.05) (Table 6 and Figure 7).
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Figure 7. The effect of APDTC on aortic contraction with and in the presence of TEA substance.

Table 6. Comparison of APDTC in the presence of TEA and TEA. There was a statistically
significant difference between contraction responses with phenylephrine and potassium channel
blocker TEA in aortic smooth muscle (p <0.05). Values that are smaller than 0.05 are in bold.

TEA Phenylephrine | Antagonist | APDTC
Phenylephrine | - 0.001 0.001
Antagonist 0.001 - 0.791
APDTC 0.001 0.791 -

There is a significant difference in contractile responses of aortic smooth muscle induced between
APDTC responses in the presence of phentolamine+propranolol+atropine and phenylephrine (p
<0.05). APDTC showed a relaxation effect on contraction of phenylephrine-induced aortic tissue in
the presence of adrenergic and cholinergic receptor antagonists as phentolamine+propranolol+
atropine. In addition, the contraction effect of fentolamine+propranolol+atropine, which are
adrenergic and cholinergic receptor antagonists, turned into a statistically relaxing effect with the
application of APDTC (p<0.05). There was a significant difference between the control group and the
mix group. Phentolamine+propranolol+atropine changed APDTC's phenylephrine-contracted aortic
smooth muscle relaxation responses (p<0.05) (Table 7 and Figure 8).
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Figure 8. The effect of APDTC in aortic contraction with and in the presence of phentolamine+
propranolol+atropine.

Table 7. Comparison of APDTC with and in the presence of mix. There is a significant difference in
contractile responses of aortic smooth muscle induced between APDTC responses in the presence of
phentolamine+propranolol+atropine and phenylephrine (p<0.05). The contraction effect of
fentolamine+propranolol+atropine turned into a statistically relaxing effect with the application of
APDTC (p<0.05). There was a significant difference between the control group and the mix group.
Phentolamine+propranolol+atropine changed APDTC's phenylephrine-contracted aortic smooth
muscle relaxation responses (p<0.05). Values that are smaller than 0.05 are in bold.

Mix Phenylephrine | Antagonist | APDTC
Phenylephrine | - 0.419 0.001
Antagonist 0.419 - 0.001
APDTC 0.001 0.001 -

4. DISCUSSION AND CONCLUSION

APDTC, a specific inhibitor of low molecular weight NF-xB exibiting antioxidant ability to eliminate
free toxic radicals, interferes with the production of pro-inflammatory cytokines [30]. All substances
capable of inducing NF-kB can be blocked by antioxidants. It reduces the ability to bind to DNA,
interferes with the activation signal pathway for NF-«kB, and stabilizes or increases the IkBa synthesis
mechanism to inhibit NF-xB activity [31]. Investigating the contraction-relaxation responses of
APDTC, a dose-dependent relaxation response against precontraction of KCI after contraction was
obtained [32]. We have investigated the mechanism of action of APDTC in vitro in aortic smooth
muscle as a result of the fact that the mechanism of action of APDTC, which is determined to relax
the aortic smooth muscle, has not been revealed yet.
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In order to determine the mechanism of action of APDTC, our experiments were carried out in seven
groups ( control, atropine, phentolamine, propranolol, nifedipine, TEA, and fentolamine+propranolol
+atropine) to determine which receptors and channels were used in the aortic smooth muscle
contracted by phenylephrine whose NO synthesis was stopped by L-NAME. We used L-NAME to
prevent the relaxation effect of NO and for the pre-contraction to run smoothly. 5.5x10° M APDTC
produced a relaxation response in the aortic smooth muscle. In a study, the cellular mechanism of
nitric oxide (NO)-induced relaxation in corporeal smooth muscle (CSM) of the guinea-pig was
investigated. Changes in the intracellular concentration of calcium ions ([Ca*"];), membrane potential
and isometric tension were measured. CSM cells exhibited spontaneous depolarizations and transient
increases in [Ca®"]; (Ca®" transients) which were accompanied by contractions. This spontaneous
activity was abolished by nifedipine (10 pm). NO released by 3-morpholino-sydnonimine (SIN-1,
10 nm) hyperpolarized the membrane and prevented the generation of spontaneous depolarizations.
SIN-1 also abolished Ca®" transients and associated contractions. These effects of SIN-1 were blocked
by 1H-[1,2,4]oxadiazole[4,3-a]quinoxalin-1-one (ODQ, 10 uM), an inhibitor of guanylate cyclase.
Noradrenaline (NA, 1 pM) increased [Ca®']; to levels similar to those produced by high potassium-
containing solution (high K* solution, [K*], = 40 mm), however, NA-induced contractions were three
times greater in amplitude than those induced by high K* solution. In NA precontracted preparations,
SIN-1 inhibited 80% of the contraction and decreased [Ca®"]; by 20%. In contrast, nifedipine reduced
[Ca?*]; by 80%, while the level of contraction was decreased by only 20%. SIN-1-induced reduction in
[Ca?']; but not the tension effect, was abolished by pretreatment with cyclopiazonic acid (CPA, 10
uM). In high K* precontracted preparations, SIN-1 inhibited 80% of the contraction and reduced
[Ca?"]; by 20%. Nifedipine, however, largely abolished increases in both [Ca®*];and tension under
these circumstances. These results suggest that decreasing the sensitivity of contractile proteins to
Ca?" is probably the key mechanism of NO-induced relaxation in CSM of the guinea-pig [33].

In the atropine group, there was no statistically significant difference in phenylephrine-contracted
aortic smooth muscle contraction responses between the administration of 5.5x10° M APDTC in the
presence of atropine and the administration of 5.5x10° M APDTC to the control group. In the
presence of 10°® M atropine, APDTC caused contraction of the aortic smooth muscle. Previous studies
have shown that atropine causes relaxation in rat aortic smooth muscle [34]. Atropine has a double
effect on rat aortic contraction [34]. It causes a contraction effect at lower concentrations (10 nM-1
uM) and relaxation effect at higher concentrations (1-100 uM) on smooth muscle [34, 35]. Atropine
administration reversed the relaxation response of APDTC, but was not statistically significant. This
indicates that the APDTC dose of 5.5x10 M does not use muscarinic-cholinergic pathways in the
aortic smooth muscle. A comparative study explain some details as follow: 1. In the rabbit isolated
aorta, atropine (3 x 10® M-10* M) inhibited contractile response to noradrenaline without affecting
contraction to KCI. 2. In the presence of contraction to noradrenaline, atropine (3 x 10" M-10 M)
caused concentration-dependent relaxation. Pretreatment with theophylline (10°® M) potentiated the
relaxant action of atropine. Relaxation to atropine was not affected by the specific guanosine 3"5'-
cyclic monophosphate phosphodiesterase inhibitor, M & B 22,948 (10 M), tetraethylammonium (10
mM), indomethacin (10®® M), propranolol (10¢” M), nifedipine (10® M) or removal of the
endothelium. 3. Relaxation to either atropine or prazosin was not affected by preincubation with
prazosin and atropine, respectively. 4. In Ca®’-free medium containing EGTA and nifedipine,
atropine (10” M-10® M) inhibited the residual noradrenaline response more than the subsequent
Ca®"-induced contraction. Pretreatment with either theophylline (10® M), forskolin (3 x 10" M) or
a low concentration of prazosin (3 x 10 M) also inhibited the residual contraction to noradrenaline
and Ca®". The effect of combined treatment of atropine and any of these agents was much greater than
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with each individual agent. 5. Atropine (10® M-10 M) also inhibited increases in the level of
inositol monophosphates (IP) in response to noradrenaline. Theophylline (10¢® M) and a low
concentration of prazosin (3 x 10 M) also inhibited IP formation. Combined with atropine, the
effect was much greater than with each of these agents individually. 6. Atropine did not affect
adenosine 3":5'-cyclic monophosphate (cyclic AMP) levels in the aorta and also failed to displace
specific [3H]-prazosin binding.7. These results suggest the possibility that smooth muscle relaxation
to atropine may be due to the inhibition of phosphoinositide metabolism. The relaxation is not
apparently due to an action of atropine on ax-adrenoceptors, or a change in the level of cyclic AMP
[36].

In the phentolamine group results, administration of 5.5x10° M dose of APDTC in the presence of
phentolamine in the bath did not cause a statistically significant difference compared to 5.5x10° M
APDTC applied to the control group. There was a statistically insignificant increase in APDTC aortic
smooth muscle contractions in the presence of a 10° M dose of phentolamine. Electrical field
stimulation (EFS)-induced contractions were found to be significantly reduced in the presence of
phentolamine [37]. APDTC reversed the relaxant effect of phentolamine, but APDTC maintains its
relaxation response. For this reason, we thought that APDTC did not use a-adrenergic receptors. A
comparative study explain some details as follow: Endothelium is the main source of catecholamine
release in the electrical-field stimulation (EFS)-induced aortic contractions of the non- venomous
snake Panterophis guttatus. However, adrenergic vasomotor control in venomous snakes such
as Crotalus durissus terrificus and Bothrops jararaca has not yet been
investigated. Crotalus and Bothrops aortic rings were mounted in an organ bath system. EFS-induced
aortae contractions were performed in the presence and absence of guanethidine (30 puM),
phentolamine (10 uM) or tetrodotoxin (1 uM). Frequency-induced contractions were also performed
in aortae with endothelium removed. Immunohistochemical localization of both tyrosine hydroxylase
(TH) and S-100 protein in snake aortic rings and brains, as well as in human tissue (paraganglioma
tumour) were carried out. EFS (4 to 16 Hz) induced frequency-dependent aortic contractions in
both Crotalus and Bothrops. The EFS-induced contractions were significantly reduced in the presence
of either guanethidine or phentolamine in both snakes (p<0.05), whereas tetrodotoxin had no effect in
either. Removal of the endothelium abolished the EFS-induced contractions in both snakes aortae
(p<0.05). Immunohistochemistry revealed TH localization in endothelium of both snake aortae and
human vessels. Nerve fibers were not observed in either snake aortae. In contrast, both TH and S100
proteins were observed in snake brains and human tissue. Vascular endothelium is the main source of
catecholamine release in EFS-induced contractions in Crotalus and Bothrops aortae. Human
endothelial cells also expressed TH, indicating that endothelium- derived catecholamines possibly
occur in mammalian vessels [38].

There was no statistically significant difference between 5.5x10° M APDTC in the presence of a
propranolol dose of 10° M and 5.5x10"°> M APDTC administered to the control group in aortic smooth
muscle. In phenylephrine-contracted aortic smooth muscle, 10 M propranolol produced contraction.
Adrenaline-induced relaxation in rat thoracic aorta has been shown to be suppressed by propranolol
[39]. However, APDTC continued its relaxation responses. Blocking B-adrenergic receptors did not
alter the relaxation effect of APDTC and thus we cannot conclude that it acts through these receptors.
A comparative study explain some details as follow: AD-induced relaxation was completely
suppressed by propranolol (10~ M) or by 1CI1-118,551 (10°® M) plus atenolol (107° M), and was also
very strongly inhibited by 1C1-118,551 (10°® M) alone. AD (10> M) increased tissue CAMP levels by
approximately 1.9-fold compared with that in non-stimulated aortic tissue, but did not significantly
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increase CAMP levels in the presence of 1C1-118,551 (108 M) or SQ 22,536 (10 * M). AD-induced
relaxation was strongly suppressed by SQ 22,536 (10*M). NA-induced relaxation was almost
completely suppressed by atenolol (10™° M) plus ICI-118,551 (10" M) although it was hardly affected
by ICI-118,551 (10 ® M) alone. NA (10° M) increased tissue CAMP levels by approximately 2.2-fold
compared with that in non-stimulated aortic tissue, but did not significantly increase cCAMP levels in
the presence of atenolol (10 °M) or SQ 22,536 (10 *M). NA-induced relaxation was strongly
suppressed by SQ 22,536 (10 M). In rat thoracic aorta, AD- and NA-induced relaxations, which are
both strongly dependent on increased tissue CAMP levels, are mainly mediated through f,- and f;-
adrenoceptors respectively [40].

In the nifedipine treated group, there was no significant difference between the 5.5x10° M APDTC
control group and the phenylephrine-contracted APDTC administered group. Nifedipine inhibited
phenylephrine contraction responses in the aorta and caused relaxation. In aortic preparations, it
inhibits KCI-induced contractions in a concentration-dependent manner [41]. It has been found that
leptin-induced vasoconstriction in the thoracic aorta with endothelium is completely destroyed in the
presence of an I-type calcium blocker nifedipine [42]. The relaxation response caused by nifedipine
was continued with APDTC in statistically significant manner. Nifedipine increased the relaxation
effect of APDTC even more, and blocking the channel did not change this effect. L-type calcium
channels do not play a role in the mechanism of action of APDTC. A comparative study explain some
details as follow: Circulating leptin concentrations were increased in SHR. Serum metabolic
parameters, including glucose, insulin, total cholesterol and triglyceride levels, were also elevated in
SHR. Leptin did not modify the angiotensin Il-induced vasoconstriction in SHR either in intact or
endothelium-denuded aortic rings. In addition, leptin was not able either to diminish the angiotensin
l1-induced the peak rise of [Ca®"i or to accelerate the recovery rate to basal calcium levels in VSMCs
from SHR. However, OB-Ra and OB-Rb mRNA and protein expression were increased in SHR
VSMCs. The lack of effect of leptin on angiotensin I1-induced contraction in the aorta of SHR is due
to an impaired handling of [Ca2+]i in VSMCs. Hyperleptinemia and overexpression of OB-R in
VSMCs could be compensatory mechanisms against VSMC leptin resistance in genetically
hypertensive rats [43].

No statistically significant difference was found between the control group and the group of 5.5x10°
M APDTC administered organ bath containing 10° M TEA. The aorta showed relaxation response
with TEA. The administration of APDTC to the relaxed aorta with TEA caused contraction. In rat
isolated aortic rings contracted with phenylephrine, the vasorelaxation with taurine is blocked by TEA
[24]. The relaxant activity of T. fagifolia aqueous fraction (Tf-AQF) has been shown to decrease in
the presence of TEA (a non-selective inhibitor of K* channels) and the pharmacological potential is
weakened [44]. Contractions with APDTC are not important enough to alter the relaxation response
and therefore suggesting that APDTC does not use potassium channels. A comparative study explain
some details as follow: The acute toxicity, the antioxidant activity, and the pharmacological activity
on the gastrointestinal tract of rodents of the ethanolic extract (TFEE) from the bark of Terminalia
fagifolia Mart. & Zucc. (Combretaceae) and of its aqueous (TFAQF), hydroalcoholic (TFHAF), and
hexanic (TFHEXF) partition fractions have been evaluated. TFEE presented low acute toxicity,
antioxidant, and antiulcerogenic activity against ethanol-induced ulcers, which was partially blocked
by pretreatment with L-NAME and indomethacin. It reduced the total acidity and raised the pH of
gastric secretion. Additionally, TFEE delayed gastric emptying and slightly inhibited the small
intestinal transit and also presented a weakly antidiarrheal activity. The antiulcerogenic and
antioxidant activity were also detected in TFAqF and TFHAF but not in TFHEXF. The antisecretory
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and gastroprotective activity of TFEE partially involve the nitric oxide and prostaglandin
participation. Nevertheless, TFEE, TFAQF, and TFHAF drastically reduced the mucus layer adhered
to the gastric wall of rats treated with ethanol or indomethacin. Complementary studies are required in
order to clarify the paradox of the presence of a gastroprotector activity in this plant that, at the same
time, reduces the mucus layer adhered to the gastric Wall [45].

In the mix group, we tried to determine whether the NANC system plays a role on the mechanism of
action of APDTC. 5.5x10° M APDTC was applied to the organ bath containing the mix and a
significant difference between the control group was founded. Mix group in aortic smooth muscle
produced contraction response. APDTC inhibited the contraction by producing an antagonistic effect
with the mix group and produced a relaxation response. Significant decrease in relaxation in the mix
group compared to the APDTC relaxant effect in the control group showed that the mechanism of
action of APDTC could be either adrenergic or cholinergic.

In our investigative mechanism of action of APDTC study, with proven anti-oxidant, anti-viral and
anti-inflammatory effects in aortic smooth muscle, we determined that APDTC showed relaxation
response in rat aortic smooth muscle contracted with phenylephrine. This response was altered by the
mix group, suggesting that APDTC may be effective through adrenergic and cholinergic receptors.
We also think that the NANC system, which plays an important role in aortic smooth muscle
contraction-relaxation, or different pathways, will help to elucidate the mechanism of APDTC by
further studies.
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ABSTRACT

In this study, DNA damage was examined in blood samples taken from Cyprinus carpio between
October 2019 and December 2019. The aim of this study is to determine single strand breaks in DNA
by single cell gel electrophoresis (comet analysis). Different concentrations of Methyl methanesulfonate
(MMS) was applied in vitro conditions and pollution of lake was evaluated on a cell basis. DNA
damage was found to be less than the concentrations of MMS applied in October 2019. In December
2019, DNA damage was found to be less than on the basis of cells compared to different concentrations
of MMS. Average Arbitrary Units (AAU) was calculated. Accordingly, the samples taken in October
2019 AAU values were obtained 1,4044+0,2725, after MMS application the results were between
2,38+1,1637 and 2,824444+0,6556. And in December 2019, AAU values in blood samples were found
to be between 298278+0,2213, and MMS values between 2,35+0,8381 and 2,884167+0,657. Comet
head and tail lengths were calculated from the comet images obtained from the comet parameters.
Comet tail lengths were determined as 15.784 + 6.97 um in October 2019 and 10.899 + 4.75 um in
December 2019. The data obtained from results, there is not much DNA damage of C. carpio in Isikli
Lake. As a result Cyprinus carpio is an efficient organism to evaluate genotoxicity of environmental
pollution and the pollution in Isikl1 Lake is not at critical level.

Keywords: DNA damage, Single cell gel electrophoresis, Isikli Lake, Cyprinus carpio.
1. INTRODUCTION

The environment is continuously loaded with exogenous and endogenous substances released by
anthropogenic activities and, this effect directly or indirectly the genetic material of living organisms.
Environmental pollution by the deposition of contaminants during a long time causes an increase in the
aquatic habitat. The pollutants can cause damage on the aquatic organisms’ genetic material, and this
can pass onto the next generation. [1]. Endogenous and exogenous changes that affect the molecular
integrity of living things are called “DNA damage” [2]. When the DNA cannot be repaired, genomic
instability occurs, which is important for the future of the organism [3].
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Aguatic organisms accumulate pollutants directly from contaminated water and indirectly by feeding on
contaminated organisms. Fish populations are decreasing due to increase in industrialization which
causes destruction of habitats with adding mutagenic and genotoxic chemicals to wetland ecosystems.
[4,5]. In addition, it produces effective chemical products such as pesticide, heavy metals, food
additives, industrial residues, radiation, relative oxygen species (ROS) in the organism. These products
interact with macromolecules such as DNA, lipid and protein in the cells of the organism, leading to
DNA damage, mutagenicity, carcinogenicity and aging [5,6].

Detection of DNA damage is provided by biological monitoring tests. The comet assay is a suitable
technique to measure various types of DNA damage. This test used in genotoxicology, detects single
strand breaks in DNA by single cell gel electrophoresis, which is a fast, reliable method [7]. This
method was applied for the first time by Ostling and Johansenn (1984), and Singh et al. (1988) and
named as single cell electrophoresis (Comet analysis) [8,9]. DNA damage is quantified by the
proportion of DNA which migrates out of the nuclei toward the anode when individual cells or isolated
nuclei, embedded in a thin agarose laye are subjected to electrophoresis that results on a comet-like
shape of nuclei. This enables quantification of DNA in comet tails after staining with ethidium bromide.
The longer the comet’s tail observed means the more single strand breaks in DNA which points the
genetic material of the organism is damaged for various reasons. Undamaged DNA appears as a tailed
ring.

Isikli Lake is located in the upper basin of the Biiylilk Menderes River, south of Akdag, with a
maximum surface area of approximately 64.00 km? within the borders of Denizli province, in Civril
district [10,11,12]. The lake is fed by Ak¢ay Stream, Kufi Stream, Isikli Founts, two large tributaries in
the upper basin of Biiyilk Menderes and groundwater at the bottom. There are reed islands in the middle
of the lake [10,12,13]. The lake water is used for agricultural irrigation. Isikli Lake is a natural lake with
the floods where the water level rises. In order to protect the agricultural areas and settlements, the State
Hydraulic Works (DSI) made a dam and turned into a dam lake [10,12,14].

In this study, we described the application of the comet assay to nuclei of Cyprinus carpio. The purpose
of the study was to evaluate the induction of DNA damage in this fish species. For that purpose Methyl
methanesulfonate (MMS), a genotoxic chemical causing DNA breaks was used.

2. MATERIAL AND METHODS

2.1. Material
Carp fish (Cyprinus carpio) blood samples were taken from two different stations (38°15'33.8"N
29°55'10.0"E and 38°15'06.8"N 29°53"26.8"E) from the local fishermen and stored in the laboratory.

2.2. Chemicals

Dulbecco’s Phosphate-Buffered Saline (DPBS) (PanBiotech), Tris (BioShop, CAS 77-86-1), Triton X-
100 (BioShop, CAS 9002-93-1), N-Laurylsarcosine-sodium salt (Sigma-Aldrich Co, CAS 137-16-6),
Methyl methanesulfonate (MMS) (Sigma Aldrich, CAS 56-27-3), Ethidium Bromide (BioShop, CAS
239-45-8), Normal melting agarose (NMA) (Amresco,), Low melting agarose (LMA) (Sigma-Aldrich,
CAS 9012-36-6).
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2.3. Method

2.3.1. In vitro positive control application in cells

Methyl methanesulfonate (MMS) concentration of 60uM, 70uM and 80uM were used to trigger DNA
damage, respectively. DNA was exposed to MMS for 15 minutes at 0°C and washed with DPBS.

2.3.2. Single cell gel electrophoresis (Comet assay)

The Comet assay protocol was performed with minor modifications from the literature [15]. Blood
samples taken from the species were washed with DPBS and mixed with 0.5% low melting point
agarose. After taking 10ul of this mixture, the slide covered with 1% normal melting point agarose was
spread and the agarose was frost by covering the coverslip (10 min, 4°C). The coverslips on the slides
were removed and placed in cold lysis solution (2,5M NaCl, 100mM EDTA, 10mM Tris, (%10 DMSO,
%1 Triton X-100, %1 N-Laurylsarcosine-sodium salt pH 10) for 1 hour at 4°C. Slides were placed in a
gel-electrophoresis filled with electrophoresis buffer (10M NaOH, 5M EDTA, pH 13) for 20 minutes.
Electrophoresis was performed in the same buffer and run for 20 minutes at 25V, 300mA. After
electrophoresis, slides were neutralized with the solution (pH 7.5) for 5 minutes. Each slide was stained
with Ethidium bromide (20ul/ml) for 20 minutes and examined under a fluorescent microscope (Nikon
ECLIPSE 50i) in a suitable barrier filter light. The CometScore2.0.0.38 program was used to distinguish
the cells visually and ranges them from 0 to 4 to assess the extent of the contamination. In addition,
head and tail lengths were calculated from the comet parameters of 20 selected comet.

2.3.3. Statistical analysis

SPSS V25.0 package program was used for statistical analysis of the data. The normality of the data
was evaluated with the Shapiro-Wilk test. After the groups that did not show normal distribution in the
comet categories, Kruskal-Wallis test was used for the comparison (p>0.05). The average of cell
numbers obtained from each sample, their standard deviations were calculated and Arbitrary Units (AU)
evaluation was made at p> 0.05 significance level. The measurements of the tail and head parts of the
comets were made with the Image J program. The Shapiro-Wilk test was applied to determine the
distribution of the data. Normally distributed data were evaluated with Student-T test with p> 0.05
significance level.

3. RESULTS

In this study, single cell gel electrophoresis (comet analysis) was applied to blood samples taken from
Cyprinus carpio in October 2019 and December 2019. The results of comet damage levels from the
samples taken in October 2019 was found to be 0 degrees and meaning the genetic damage was not very
high. Methyl methanesulfonate (MMS) was applied to cells at 60uM, 70uM and 80uM concentrations
(Fig. 1). Previous studies have shown that MMS causes DNA-strand breaks. In this study we also
observed that higher MMS concentrations show higher DNA damage. A decrease was observed
between samples that received 4th degree damage and the control groups.
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Figure 1. Comparisons between the DNA damage levels of samples (October 2019)

The comet categories of the samples (December 2019) and the comet categories of MMS-induced
samples are given in Figure 2. A decrease is observed when blood concentrations of O degree are
compared with 60uM, 70uM and 80uM concentrations of MMS. Compared to cells containing damaged
DNA of grade 4, an increase was observed between blood samples and MMS concentrations applied at
60uM, 70uM and 80uM and this increase caused less damage to the 60uM MMS concentration (Figure
2).

Cyprinus carpio + MMS

10
o
o 8
[S]
S 6
BN |
>
2, Niflm ..=0 .efm ...l
é Blood samples 60uM MMS 70uM MMS 80uM MMS
2 The blood samples of C. carpio and concentrations of MMS
— (uM)

“"0Oml=2m3 4

Figure 2. Comparisons between the DNA damage levels of samples (December 2019).
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Avrbitrary units were calculated by classifying and counting the cells. To calculate Arbitrary units: OxA
+ 1xB + 2xC + 3xD + 4xE / N where 0, 1, 2, 3 and 4 comet categories, A, B, C, D and E are the humber
of cells counted in these categories and N represents the total number of cells [16]. The average
arbitrary unit data of the blood samples and the samples exposed to MMS are given in Table 1. There is
an increase in average Arbitrary units (AAU) values in blood samples compared to positive controls.
The results support that the fish species from the lake has less DNA damage than the MMS induced
samples. Cells were classified according to comet tail length. Class A has no tail and spotted, class B
has a small tail head (nucleus) diameter, class C has a tail longer than class B head diameter, class D has
a tail longer than class C head diameter, class E has the longest comet tail (apoptotic cells) (Figure 3).

Table 1. Average arbitrary units (AAU) values (+standard deviation). (Data were evaluated at p>0,05
significant difference).

October 2019 Average Arbitrary Units | December 2019 Average Arbitrary
Samples (AAU) Samples Units (AAU)

Without MMS 1,4044+0,2725 Without MMS 1,298278+0,2213

60uM MMS 2,38+1,1637 60uM MMS 2,35+0,8381

70uM MMS 2,341563+0,7777 70uM MMS 2,937857+0,696

80uM MMS 2,824444+0,6556 80uM MMS 2,884167+0,657

Figure 3. Comets categories of Comet assay, A, undamaged DNA, B, C, D damaged DNA, E very
damaged DNA.

The percentages of the observed cells separared by comet categories (Table 2). According to the results,
comets of O degree in the blood samples without MMS were observed more than other samples in
December 2019. It is observed that in the MMS induced samples, 43% of the 4th degree comets were in
the range of 70uM MMS in December 2019 and 80uM MMS in October 2019. The results prove the
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DNA damage of 70uM MMS. When the fish samples taken from the lake are compared with the ones
treated with MMS, it is seen that the lake is not damaged more than MMS induced samples.

Table 2. Comet categories and their percentages of Cyprinus carpio from Isikli Lake-Turkey.

Comet Categories

Seasons
0 1 2 3 4
October
26% 30% 23% 13% 7% 2019 Without MMS
December
36,13% 18% 25% 13% 8% 2019
October 60uM MMS
27% 21% 12% 18% 22% 2019
December
10% 13% 13% 27% 37% 2019
October 70uM MMS
16% 10% 19% 19% 35% 2019
December
6% 14% 22% 14% 43% 2019
October 80uM MMS
4% 9% 26% 19% 43% 2019
December
7% 4% 30% 24% 35% 2019

Table 3. Results of the tail length and head length of comets (+standard deviation). (Data were
evaluated at p>0,05 significant difference).

The tail lenght of comets (pum) The head lenght of comets (um)
N | October 2019 | December 2019 | October 2019 | December 2019
Samples Samples Samples Samples
Without MMS | 20 | 15,784+6,97 10,899+4,75 7,484+2,60 5,138+1,81

60uM MMS 10 | 36,131+15,27 27,115£10,56 12,078+5,92 16,461+3,48

70uM MMS 10 | 30,781£9,22 22,088+6,72 19,249+6,55 21,28248,22

80uM MMS 10 | 37,277+20,20 41,201+18,58 21,02748,99 22,932+7,77

In this study, no significant difference was found between 10.899 + 4.75 pm and 15.784 + 6.97 um in
the comet tail length analyzes (p> 0.05). The comet queue lengths of the MMS applied samples are
approximately 2 times longer than the lake samples. Comparing comet tail lengths between October and
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December, the comet tail length in October 2019 is approximately 1.5 times longer. When comet head
lengths were examined, the values were evaluated as 7.484 + 2.60 pm and 5.138 + 1.81 um (p> 0.05).
Comet head lengths are longer in the samples with MMS than MMS (-) samples (Table 3). The comet
head length in the samples in October 2019 occurred more than the December 2019 samples, and the
difference between them was approximately 0.5 times. without MMS (Table 3). This length is
approximately 0.5 times longer in MMS induced samples. The comet head length in the samples in
October 2019 occurred more than December 2019 samples, and the difference between them was
approximately 0.5 times. The highest tail length was found at 80uM MMS concentration in December
2019 and comet head length at 80uM MMS concentration in December 2019.

4. DISCUSSION AND CONCLUSION

In this study, degree of DNA damage of C. carpio from Isikli Lake, in vitro conditions were evaluated
by single cell gel electrophoresis (comet assay). The mutagenic effect of whole blood cells exposed to
Methyl methanesulfonate (MMS) was examined as a positive control. The pollution status of the lake
was evaluated by comparing the blood samples of the fish taken from the lake and at the different
concentrations of MMS. Considering the Comet percentages, the results showed that DNA damage
occurred in December 2019 was the highest. When samples were induced to MMS, the most DNA
damage was in December 2019 samples compared to October 2019 samples (Table 2). According to
MMS concentration of DNA damage, in October 2019 samples was less than in December 2019
samples. When the average arbitrary units values were examined, for October 2019 samples it is 1.4044
+(0.2725 and 1.298278 + 0.2213 for December 2019 samples were determined (samples without MMS)
(Table 2). After the MMS induction, values incresed to 2.38 + 1.1637 for October 2019 samples and
2.35 £ 0.8381 for December 2019 samples. For the samples that were induced to MMS, we can say that
the DNA damage has increased gradually as there is an increase in OAU values. The highest increase
occurred as 70uM MMS from the December 2019 samples. The tail and head lengths of the comets
were calculated from the comet parameters. According to these calculations, DNA damage increases as
the tail and head length of the comets increase.

Methyl methanesulfonate (MMS) is an alkylating agent that causes DNA damage [17]. In this study, an
increase was observed in cells damaged by the 4th degree. Kammann et al. (1999), applied comet
analysis of leucocyte samples of C. carpio from the North Sea using various concentrations and various
terms of H,0, as a positive control in their study. They emphasized that organic sediment has a
genotoxic potential and the comet technique is a powerful technique detecting DNA breaks [18]. Rank
and Jensen (2003) applied comet assay on the gill cells and hemocytes of Mytilus edulis with exposed to
MMS in vitro and in vivo conditions. As a result, the cells exposed to MMS did not show toxicological
effects even at high concentrations [19]. Lemos et al., (2005) performed a comet analysis on Tilapia
rendalli, and the number of scores in the MMS applied cells was higher than the score number of the
control groups. Kammann et al., (1999) found the lowest result from arbitrary unit points as 4, which is
2 times higher than the Isikli Lake. Besides this, Lemos et al. (2005) DNA damage results were 13
times more than the Isikli Lake, and 16 times more DNA damage was found in the MMS induced
samples.

Cok et al. (2011) detected DNA damage on C. carpio from Lake Mogan using with Comet assay
method. And they found the length of the comet tail as 31.10 = 10.39 um. According to results of their
study we can say that there is more DNA damage in fish samples in Lake Mogan than the samples from
our study. [21]. Kontas and Bostanct (2020), conducted heavy metal analyzes and genotoxic
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investigations on Capoeta banarescui taken from Melet River and the tail lengths of comets in autumn
season were determined as 20.47 + 1.30 um. Compared to Isik Lake, it has approximately 1.5 times
longer tail length, and this indicates that Melet River suffers more DNA damage than Isik Lake [22]. On
the other hand, Arslan et al., (2016) found that comet tail lengths were approximately similar to Lake
Isikli in a study conducted with comet assay on Oncorhynchus mykiss in Pmarbagi district of Kayseri
[23].

Single cell gel electrophoresis has a very fast, sensitive and common protocol [24]. This method, also
known as comet analysis, is often used in ecotoxicology to detect the genotoxic effect of some chemical
or physical agents on the model organism [3,25,26]. The mutagenic effect of Methyl methanesulfonate
(MMS) used in the research is evident in the results and has played a role in the DNA damage as a
direct alkylating agent.

The comet assay is now widely used to measure DNA damage and it is becoming a primary tool for
pollutant biomonitoring in the aquatic environment and some authors suggest that the comet assay is
more sensitive than the other genotoxicity tests [27,28,29]. In conclusion, the pollution in Isikli Lake
was not worrying and Cyprinus carpio is an efficient organism to evaluate genotoxicity of
environmental pollution, they are sensitivity to pollutants, especially in comet assay. However, these
studies are the preliminary studies about the pollution of Isikli Lake and further work is needed,
including analyzing the DNA damage in fish tissues, ecotoxicological studies of water and sediment
samples.
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ABSTRACT

In this study, the linear Caputo fractional differential equation of ordern—1<ng<n is
investigated. First, the solution of the equation of order 0 < g < 1, with variable coefficients, is
obtained by using the solution of differential equation of integer order which is the least integer
greater than fractional order. Moreover, the solution of linear fractional differential equations of order
n —1 < nqg < n is considered. The solutions of the equation are presented in terms of Mittag-Leffler
function with three parameters. The main goal of this study is to present a closed-series form of the
solutions. To demonstrate the accuracy and the effectiveness of the proposed approach, some
numerical solutions are given.

Keywords: Fractional Differential Equation, Mittag-Leffler function, Three parameters
1. INTRODUCTION

The fractional derivative is very appropriate in modelling of physical pneumonias which involves past
memory. Since fractional differential equations hold memory and are non-local in nature, it is known
that mathematical models with fractional derivatives are more convenient and economical (See [1-8]
and the references there in for more details). Due to this fact, they have been drawing increasing
importance from scientist in past three decades (See [9-15] for some applications).

In this study, the Caputo fractional derivative is used. Since properties of Caputo fractional derivative
are closed to properties of integer derivative, enormous studies on Caputo fractional differential
equation and their applications can be found in the literature.

The linear Caputo fractional differential equation of order 0 < g < 1, with variable coefficients, is
considered and its solution is obtained as a series form. Next, the solution of linear sequential Caputo
fractional differential equations of order n — 1 < nq < n is examined. The solutions of the equation
are presented in terms of Mittag-Leffler function with three parameters.

2. PRELIMINARY DEFINITIONS

Definition 1. The derivative operator D9 of order g > 0 is defined as follows
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1 t
q - — q)n—q-1,,(n) _
Du(t) ) to(t s) u™(s)ds for n—1<q<n, 1)

d™u(t)

where n is the smallest integer that exceeds q, t € [t,, t, + T] and u™(t) = —

The expression (1) is definition of Caputo (left-sided) fractional derivative of u(t) forn—1<qg <n

[7].

Moreover, it is clear that Caputo fractional derivative of order 0 < g < 1 is defined as follows:

1 t
un(t) = m (t - S)_qu’(S)dS. (2)
to

Definition 2. The Mittag-Leffler function is defined by the series expansion as shown below

E,(z) = ;m; 3)

where g > 0 [8].

In [7], some properties of Mittag-Leffler function and Caputo derivative are given as follows:

DMy (t) = D@ VI(DNu(t) forn — 1 < ng < n.

If g =1, E;1(t) = ef, then it can be said that Mittag-Leffler function is generalization of usual
exponential function.

(iii) DU(E,(tT)) = E4(t9).
(iv) DM (E,(rt?)) = r"E,(rt?) where 0 < g < 1, r isa constant and n € N.

Definition 3. The Mittag-Leffler function with two parameters is defined by the series expansion as
shown below

Eqp(z) = kzzom , 4)

where a, f > 0 [8].

Definition 4. The Mittag-Leffler function with three parameters is defined by the series expansion as
shown below

(V)kzk

o, ()
& K!T(ak + B)

E;'ﬁ (2) =

where ¢, 8,y > 0and )y =yy+ 1)y +k—1)[8].
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3. METHODOLOGY

In this study, fractional power series expansion method is used for linear Caputo fractional differential
equation. The method is presented in [16] to obtain approximate solutions of fractional partial
differential equations. The numerical results show that the method is significant method for fractional
differential equation because of its simplicity and accuracy.

The main idea of the method is based on solving the differential equation of integer order which is the
least integer greater than fractional order. Then, this solution is transformed the solution of fractional
differential equation by using following series expansion:

m-1 v(mk+1) (O)tkqﬂ

B0tk
u(® =T(v(D) = Z - ( & + Z Tkq+1+0) ' ©

k=0 k=1 i=0

where u(t) and v(t) are solutions of fractional and ordinary differential equations respectively, m is
the least integer greater than fractional order q. For 0 < q < 1, transformation (6) is expressed as
follows:

®) (0)tka
u(®) = T(v(®)) = Z e (kc(l J)rt1) %

4. SOLUTION OF THE LINEAR FRACTIONAL DIFFERENTIAL EQUATION

4.1. Fractional Differential Equation of Order 0 < g < 1
Let us consider the following linear differential equation with initial condition:

Du(t) = p(t,Q)u(t) + f(t,q), te[0,T], T>0 ®)
u(0) = u,,
where p(t,q) and f(t,q) are continugus on te[0,T] for 0 <gq<1 and p(t,1), f(t,1)€E
C*([0,T],R).

In order to obtain the solution u(t) of the problem (8) by using fractional power series expansion
method, we need to have the solution of following ordinary differential equation

v'(t) = p)v() + f(t), te[0,T], T >0

v(0) = uy, ®)
where p(t) = p(t,1) and f(t) = f(t,1).
The solution of problem (9) is well known and as follows:
t
v(t) = uge! POt 4 ol P(B)dL f f(r)el POdrge, (10)
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By plugging the following derivatives of the solution v(t) att = 0

v(0) = u,
n-1 1 11
n-— ~
v =Y (" )P0 + 00 )
k=0
into transformation (7), the solution w(t) of the problem (8) is obtained as follows:
oo n-1
=ty > ("7 )@ + ) s a2)
-0 k r'ng+1)°
n=1k=0
If p(t,q) = Ais a constant in problem (8), the solution of problem (9) is obtained as follows:
t
v(t) = ugert + et f f(r)erdr. (13)
0
Moreover, derivatives of v(t) are formed as follows:
vW(0) = Mg + Y AKFED(0), (14)
k=1

Thus, by using transformation (7), the solution u(t) of the problem (8) for p(t, q) = A (constant) is
obtained in the following form:

nq

u(t) = uoE, (A7) + z z (nrf = (0)) m (15)
k=1

n=1

Additionally, for p(t, q) = A, the problem (8) is investigated in [5,6] and its solution is presented in
the following explicit form

u(t) = ugk, (At?) + J (t = )T E; (At = 5))f (s, q)ds . (16)
0

Hence, because of existence and uniqueness of the solution, the solution (15) equals to the solution
(16) and this equality implies the following proposition.

Proposition 1. Let f(t,q) be continuous on te[0,T] for 0 <qg<1 and A€ R. The following
equality is satisfied

t B N © (An—kf(n—l)(o))tnq
fo (t—5)° Eq‘q(l(t—s)q)f(s,q)ds=;; Pt D (17)
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where £(t) = f(t,1) € C*([0,T],R) .

In order to show efficiency of the method, Proposition 1 is used. In Figure 1 and Figure 2, numerical
simulations of the difference of both side of the equality (17) are given for some values of q and

functions f(t,q) = e +1) and (t,q) = F(2q+1)
4 x10™"8
q=0.2
q=04
3r q=06
q=0.38
il
L M I
I ' ‘M l
2 In 4«\4}1«" M ut
oA M*i fk
1 ‘ “’
-1
2F
0 0.2 0.4 0.6 0.8 1 1.2 1.4 1.6 1.8 2

t
Figure 1: When q = 0.2, 0.4, 0.6, 08, the graph of difference of both side of the equality (17) for
function f(t,q) = F(

q . .
L 5 and for 10 iteration

-15
g X0
q=0.2
0.8 q=04
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Figure 2: When g = 0.2, 0.4, 0.6, 08, the graph of difference of both side of the equality (17) for
2
function f(t,q) =

and for 10 iteration
r(2q+1)
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4.2. Fractional Differential Equation of Orderm —1 <mq <m
The following linear sequential fractional differential equation with initial conditions is investigated in
this section.

D™Ay(t) + by D™ D(t) + -+ + by Du(t) + bou(t) =0, te[0,T], T >0

) 18
u(0) =uy, D'(0) =uy i=12,---,m—-1 (18)

where(m—1)<mg<mformeNandbh; eR,i=1,2,:-,m—1.

It is well known that the solutions of equation (18) are given in the form of u = E, (rt?) where r is
the solution of the corresponding characteristic equation of the following form:

P(T) = T'm + bm_lrm_l + -+ b1T + bo = 0 . (19)

If equation (19) has k distinct roots r; for i = 1,2, -+, k and k < m, a solution of the equation (18) is
obtained as follows:

k

u(t) = Z CEy(rit?). (20)

i=1

Moreover, if equation (19) has k coincident roots r, for k < m, the solutions U;(t) of the equation
(18) can be constructed by the following recursive relation which is obtained from equation (16).
Uo(t) = Eq1(1pt?)

t
_ (21)
Ui(t) = uoEq, (rpt?) + Ui—l(O)J (t =) Eqq(A(t — $)DU;_1(s)ds,
0
where i = 1,2,---,k — 1. Hence, the solution of the equation (18) is formed as follows:
k
w(®) = Y ali(®). (22)
i=1

In the following subsection, the closed forms of the solutions U;(t) related with the coincident roots of
characteristic equation are presented by using fractional power series method.

4.2.1. The closed forms of the solutions related with the m coincident roots
If the characteristic equation (19) has m coincident roots r,, sequential differential equation (18)
reduced to

(DT —1)(DY — )™ lu=0. (23)

Letting (D9 — 7)™ tu(t) = Uy(t), the following fractional differential equation is obtained

(DT = 1)Uy () =0
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and by using the solution (15) with f(¢t) = 0, the solution is obtained as follows:
Uo(t) = Eq(rot9) . (24)

Moreover, letting (D9 —ry)™ 2u(t) = U,(t), the following fractional differential equation is
obtained

(DT — 1)Uy (t) = Uy(t) (25)
= DU, (t) — Uy (t) = Eq(rot?)

Now, we solve the equation (25) by using fractional power series method. Let us consider the
following ordinary differential equation which is obtained from equation (25) by equaling q to 1

V' () — Vi (t) = e™". (26)

The solution of equation (26) is V;(t) = te™t. Then, applying transformation (7) to V;(t) = te™!, it
is obtained that

q
Uy() = %Eq,q(rotq) , (27)

which is exact solution of (25). Similarly, letting (D9 — ry)™ 3u(t) = U,(t), the following fractional
differential equation is obtained
(DT = 1)U (t) = Iqu(t)

o DU (E) — Uy () = %Eq’q(rotq) . (28)

Also, the solution of the equation (28) is obtained in the form of Mittag-Leffler function with three
parameters as follows:

t24
Uy (t) = ﬂEg,zq(rotq) (29)
which is exact solution of (28). After applying m times these calculations recursively, the following
solutions are obtained

ta
Ui (t) = ;E;‘q(rotq)

24
U,(t) = z E(?,Zq(rotq)

3q
Us(t) = §E3_3q(rotq) .

Moreover, these solutions can be written as follows:
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t™a
U,(t) = EE;nq(rotq), n=12,-,m-1. (30)

Consequently, if characteristic equation (19) has m coincident roots r,, there exists m linearly
independent solutions as follows:

Uo(t) = Eq(rot9),

tna 31
U,(t) = EEg_nq(rotq), n=12--,m-1. (31)

5. CONCLUSION

The approximate solution of linear Caputo fractional equation of order 0 < g <1 with variable
coefficients is constructed as a series form. In this construction, the solution of differential equation of
integer order which is the least integer greater than fractional order and its derivatives are used.
Numerical results show that the approximation is significantly efficient when components of f(t, q)

nq . . . . . .
are formed as I"(:lq+1) and p(t, q) is constant in equation (8). Moreover, this result yields to obtain the

solution of linear sequential fractional differential equation of higher order with constant coefficient.
Specifically, when characteristic equation has coincident root, the solutions are presented in terms of
Mittag-Leffler function with three parameters.
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ABSTRACT

This work is concerned with the spectral, Euclid norms of Toeplitz matrices with generalized k-
Jacobsthal and k- Jacobsthal Lucas entries. k- Jacobsthal and k- Jacobsthal Lucas sequences are two
generalizations of two very popular special integer sequences called Jacobsthal and Jacobsthal Lucas
sequences. Upper and lower bounds for the spectral norms of these matrices, that is, the matrices of
the forms A =T (o,jx1s - rJkmn-1) and B =T (Cxo,Ck1, -+ Crn-1) are obtained. The upper
bounds for the Euclidean and spectral norms of Kronecker and Hadamard product matrices of Toeplitz
matrices with k-Jacobsthal and the k- Jacobsthal Lucas numbers are computed.

Keywords: Hadamard product, k -Jacobsthal numbers, k -Jacobsthal Lucas numbers, Kronecker
product, Norm, Toeplitz matrix

1. INTRODUCTION

Special matrices is a widely studied subject in matrix analysis. Especially special matrices whose
entries are well-known number sequences have become a very interesting research subject in recent
years and many authors have obtained some good results in this area. Sequences are the building
blocks of special matrices such as circulant, Toeplitz, Hankel, geometric matrices. There have been
many papers about the norms of special matrices. Recently, there has been much interest in
investigation of some special matrices. Because of this, various number sequences are used as entries,
and the properties of the resulting matrices are investigated. Research on these special matrices
normally would revolve around the investigation of their determinants, eigenvalues, norms, inverses
and bounds of norms.

In [6], the authors have studied bounds of the spectral norms of circulant matrices with Fibonacci
numbers. In [7], Akbulak and Bozkurt studied the norms of Toeplitz matrices involving Fibonacci and
Lucas numbers. Shen [8] investigated the upper and lower bounds for the spectral norms of Toeplitz
matrices involving k-Fibonacci and k-Lucas numbers. In [9], Dasdemir demonsrated the norms of
Toeplitz matrices with the Pell, Pell-Lucas and modified Pell numbers. Kocer [10] has given some
properties of the modified Pell, Jacobsthal and Jacobsthal-Lucas numbers, then she has defined the
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circulant, negacyclic and semicirculant matrices with these numbers and she has investigated the
norms, eigenvalues and determinants of these matrices. Raza and Ali [11] studied on the norms of
some special matrices with generalized Fibonacci sequence. Uygun, constructed bounds for the norms
of circulant matrices with the k -Jacobsthal and k -Jacobsthal Lucas numbers [13].

Considering the above articles, on the one hand, we obtain new lower and upper bounds estimates for
the spectral norms of Toeplitz matrices with k-Jacobsthal and k-Jacobsthal Lucas numbers.
Furthermore, Euclidean norms, and maximum row and maximum column norms of Toeplitz matrices
with k-Jacobsthal and k-Jacobsthal Lucas numbers are computed. Then bounds for Euclidean and
sprectral norms of Kronecker and Hadamard product of the matrices are calculated.

Now, we give some fundamental information related to our study. For neZ, the classic Jacobsthal and
Jacobsthal Lucas sequences are defined respectively by the second order homogeneous linear
recurrence relations

Jntz =Jn+1t2jn, Jo=0, ji1=1,
Cniz =Cpy1 +2¢,, €¢=2, ¢1=1.

Many generalizations of the well-known Jacobsthal sequence have been introduced and studied. For
example, the generalized k -Jacobsthal and k -Jacobsthal Lucas numbers have been studied [12]. For
n>2,n €N, the k-Jacobsthal {ji»} _..,and the k-Jacobsthal Lucas {cy.»} _, sequences are defined

recurrently by
Jkn = Kjrn-1+ 2 jxn-2, Jo=0,jr1=1, 1)
Cen =K Cone1 + 2 s, Cro =2, C1 = k. )

respectively in [12]. The first k-Jacobsthal numbers are 0, 1, k, k* + 2, k3 + 4k, k* + 6k® + 4
... The first k- Jacobsthal Lucas numbersare 2 ,k, k* + 4 , k® + 6k , k* + 8k* + 8...

Recurrences (1) ve (2) involve the characteristic equation x2 —kx —2 = 0 with roots a =

s 2'(2+8, B = %"“8 Binet’s formulas of the k-Jacobsthal and k- Jacobsthal Lucas are defined

respectively by

an_ﬁn

jk,n = ap ' Ckn = an'l'.Bn- (3)

Extension to negative values of n can be made, k-Jacobsthal and k-Jacobsthal Lucas sequence with
negative indices are demonstrated by

N G S T _ (=Dl
Je-i = — i Ch—i = i

AnnXxn matrixT = {tij} € M, (C) is called a Toeplitz matrix if it is of the form ¢;; =¢t;_; for
eachi;j=1,...,n.
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to t_y tp - t1—n'|
ty to T tz—n

T,=| t ty to = t3p 4)
th-1 th2 thz - Lo |

Toeplitz matrix is determined by its first row (or column).

Forany A = [aij]eM{m_n}(C), the largest absolute column sum (1-norm) and the largest absolute row
sum(eo-norm) norms are

lAll; = max; ?=1|aij|;
[[A]lce = max; Z7=1|aij|-

Forany A = [aij]eM{m‘n}(C), the Frobenious (or Euclidean) norm of matrix A is

Al = (S, Zptalay ) ©)

and the spectral norm of matrix A is

1<isn

lAll, = J MAX | ). (AHA) 6)

where 4;(A7 A) is an eigenvalue of A A, and A" is the conjugate transpose of matrix A.

The maximum column length norm c; (A) and the maximum row length norm r; (A) of a matrix of
order n x n are defined as

¢;(4) = max; N/Z?:1|ai,-|2,

11 (A) = max; Z}”:1|ai,-|2.

For any A, BeM,, ,3(C), the Hadamard product of A, B is entrywise product and defined by [3,4]

Ao B = (a;by)

and have the following properties

lA°Bll, <7 (A)ci(B), llAeBIl < |IAlllIB]l. )

Let A € My, ,3(C), and B e My, ;;(C) be given, then the Kronecker product of A, B is defined by
[4,6,8]
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allB A alnB

lA® Bl =

amB - aunB
and have the following properties
lA® Bll; = llAllz IBllz, lA® Bllg = llAllg Bl ®)

Let A € Mg, ,3(C) be given, then the inequality is hold [1,2]
= 4l < 1141l < DAl ©)

2. SOME SUM FORMULAS FOR k-JACOBSTHAL AND k-JACOBSTHAL LUCAS
NUMBERS

Let k # —1, 1. The summation formulas for the k-Jacobsthal and k-Jacobsthal Lucas sequences are

n-1 _ Jknt2jkn-1—1

i=0 Jki =7 1 (10)
n—1 _ Ck,‘n+2 Ck,n—1+k_2

i=0 Ck,i = P (11)

The summation of the squares of k-Jacobsthal sequence and k-Jacobsthal Lucas sequence are

no 2 1 |4Ckon—Ck2on+2=Ck2t2 n+i;

i P = +2 (-1 12
1—1]k,1 k2+8 S—Chz ( ) Jn+1| ( )
n .2 _ 4k2n—Ck2n+2—Ck212 n+1;

i=1Cki = S—cra =2(D"Ypy - (13)

The summation of the squares of k-Jacobsthal and k-Jacobsthal Lucas sequence with negative indices
are demonstrated

N2 _ .
Z?:I(jk,—i)z = ?=1 (%) = k21+8 [ 1—1k2 (W - k2 + 4) - ;‘:Lti :I, (14)
T = T (34 = L (tianss 4 o)y oy @)

Some summation formulas for k-Jacobsthal sequence and k-Jacobsthal Lucas sequence are as follows

_ 4Ckon-2-Ckantk®—4

n—1

i=1 Ck2i = 1-k2 ) (16)
Zn—1 Ck2i _ Ck2n-2-Ckz2n k2+2 (17)

=140 7 4n-1(1-k2) 1-k?2’

n—1°Ck2i+2 _ Ck2n-Ck2n+2 + k2+2 (18)

i=1  4i = 4n-1(1-k2) 1—-k2’
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__ ACkan-Ck, +k2—4
Zl 1 Ck2i+2 = = 1 2;:;2 — (k* +4), (19)
_ T 4(-1D)"Jp_1-n+1
P (1) = HE o, (20)
—1Ji+1 _ Jn-1 4n—4
Syl ey et 21)

3. LOWER AND UPPER BOUNDS OF TOEPLITZ MATRICES INVOLVING k-
JACOBSTHAL NUMBERS

Theorem 1: Let A=T (jk_0 ks e Jen—1 ) be a Toeplitz matrix with k-Jacobsthal numbers, then
the largest absolute column sum (1-norm) and the largest absolute row sum (co-norm) of A are

(k + 2) jk,n + zjk,n—l -1

Ally = 1Allo =
All, = 11All 1

Proof. Clearly, the explicit form of this matrix as follows:

[ Jko  Je-1 T2t Jka- —n]
| Jex  Jko  Jk-1 ot Jre2- n|
A= jkz k1 ko ]k3 nl (22)
| : P |
ljk,n—l Jen-2  Jkn-3 ]ko J

By the definitions of 1-norm and co-norm, and (10), it is easily seen

n

Jin t 2Jkn-1—1
||A||1—max2|al,|—2|au|—zjkl— e

i=1 i=1

1 Jrn+2Jrn_1-1
|1Alloo = max; Z;l=1|aij| = Z?:1|anj| = ln=01]k,i = % u

Theorem 2: Let A=T(jk,0,jk‘1,...,jkjn_1) be a Toeplitz matrix, then the Frobenious (or
Euclidean) norm of matrix A is

1 2.9 2¢ck ¢
”A” (k2+8)(1 k2)2 [Ck 2n+2 + 222nn+22 - 8Ck 2n ang + 16Ck 2n—-2 + kzznn 22 — 18]
E= (n-1)(2k2—2)—4—k?2 . _ﬂ_
(k2+8)(k2-1) 3(kz+8)[8( D)™n—1 6n + 8]
(23)

Proof. Let A be an nxn matrix . Then by (5), (12), (14)
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n

n n-1 n-1
1Alle* = Y @k =g + ) (1= M +Z(n i’

i=1j=1 m=1
n-1 m n-1 m
IVESIC]
m=1 i=1 m=1i=1
1 [4ciom—c —k? -2
k,2m k,2m+2 .
= ' ' +2(-nm+
(kz + 8) [ 1 _ k2 ( ) ]m+1]
m=1
1 % 1 cugm—c j
k,2m k,2m+2 m+1
‘ ' —k*+4)-
D) 1 — k2 22m ) 2m-1
m=

And then by using the sum formulas (16), (19), (21), the following result is obtained:

= 16Ck 2n—2 — 4Cion + 4k% — 16 + Cron+z — 4Con — kK2 + 4 _ (k% +4)
(k? +8) (1 —k?)? 1= k)2 o
(k2 +2)n-1) 8CDYy —2n+2
k?—1 3
1 1 —Cran T Cran—2 —Cran 1 Cront2
DI g kP 4 RTINS g g2
toeve (a-wy [T 2k
k? -4 Jn-1 in — 4
-1 -
+(n )[2_1]+32n_2 e }
1 Ck,2n+2 2¢k, Con—2
2 — L2\2 Ck2n+2 + 2:+2 8Ck,2n T 721 + 16Ck =2 + 2: —— 10
(k +8)(1 —k?) 2 2 >
(n-1)(2k?-2)-4-k? .
(k%2+8)(k2-1) + 3(k2+8) [ 8(—1)"n-1 + 6n + 6] -

Theorem 3: Let A=T (jk‘0 k1 s e Jen—1 ) be Toeplitz matrix, then the lower and upper bounds for
the spectral norm of A are obtained as

1
n(k2+8)(1-k2)2

2c [
k.2n+2 2Ckz2n k2n—2
[Ck 2n+2 + 22n-2 - 8Ck 2n 2n 2 + 16Ck 2n—2 + 22n-2 - 10]

< ll4ll; (24)
(n-1)(2k2-2)-4-k?2 ni ]n 1 _
n(k2+8)(k2-1) 3n(k2+8) [ 8(-1) Jn-1 + 6n + 6]
1 (4Ck2n-a—Ck2n—2—k*-2 _1\n-1;
”A” < [k2+8( 1-k2 + 2( 1)"’ ]n_l) + 1] (25)
2 = 1 4Ck,2n—2_ck,2n_k2_2 ni
[k2+8 ( 1-k2 +2(-1 ”) ]

Proof. By (23) and using the property (9), the left hand side of the inequality is completed.
On the other hand, let A = B o C whereas

Cij = Jii-j j=1

l] Cijzl ];t].

, , and C=c;= {
bij = jii-j JE Y
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1 je-1 Je—2 0 Jrki-n Jko 11 1
1 Jjko  Je-1 v Jk2-n Jkn 101 1
B=[1 jk. Jko  t Jk3-n and C=|Jjrz 1 1 1
1 jrn-2 Jikn-z = Jko Jkn-1 11 - 1
n n
2 2
r(B) = max Z'bij| = Z|bn1’|
j=1 =1

_ 1 4Cyan—a — Ckon-2 —
k2 +8 1— k2

n

¢ (C) = max Z|Cij|2= Zlcﬂl ZJ,”

i=1

=\/ 1 (4Ck,2n—2—Ck,2n—k2—2+2(_1)n-n) .

k2+8 1-k?

By using the property (7), the right hand side of the inequality is completed:

— —k2—
(= o)
r(B)ei(C) = u

[ 1 (4ck.2n—2—ck'2"_k2_2 +2(-1)" n) ]

k2+8 1-k?

4. LOWER AND UPPER BOUNDS OF TOEPLITZ MATRICES INVOLVING k-
JACOBSTHAL LUCAS NUMBERS

Theorem 4: Let the elements of the Toeplitz matrix be k-Jacobsthal Lucas numbers
A=T (ck,0 2 Cht s oeer Clom—1 ) then 1-norm and co-norm of A are

_ _ (k+2) jk,n+2jk,n—1_1
141l = Al = w1,

Proof. Clearly, the explicit form of this matrix as follows:

[ Ck,0 k-1 Ck-2 " Cki-n
| Cr1 Ck,0 Ck-1 " Crz-n|

A =| Ckz2  Ck1 Cko T Ck,3—n| : (26)
le,n—1 Ckn-2 Ckn-3 °  Cko J

By the definitions of 1-norm and co-norm, and (11), it is easily seen
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— Cien+2Crn-1+k—2
IAll, = max; Z?=1|aij| =Yilag| = Z?:ol Cri = —en7E enoit 2

k+1
n n n-1
Cknt2Chn-1tk—2
A = e Yo = Y| = 3 = e T
j=1 j=1 i=0

In the following theorem, we give the Euclidean (Frobenius) norm of the matrix involving k-
Jacobsthal Lucas numbers.

Theorem 5: Let A =T (cy0,Cr1 - Ckn—1 ) b€ Toeplitz matrix with k-Jacobsthal Lucas numbers,
then the Frobenious (or Euclidean) norm of matrix A is

16Ck,2n—2=8Ck2n*Ch,2n+2=K2=20 | Cran—2=2Ck2an*Ckan+2

_ (1-k2)2 22n-2(1—[2)2
”A”E - (k2+4)+(n—1)(6k%2-6) -8(-1)"j,_1+6n—8 Jn (27)
+ > + + ==
1-k 3 3.2

Proof. Let A be an nxn matrix as in (26). Then by the definition of Frobenius norm and by (5), (13),
(15), we can obtain the following equations for matrix A

n n n-1 n-1
2 . .
lAllz" = Zz af; = nege? + Z(n — Dy + Z(n — D)Cp i
i=1 j=1 i=1 i=1
n-1 m n-1 m 2
Ck,i
— 2 ,
=tn+ ) Yal+ ) ) (5)
m=1i=1 m=1i=1
n-1

n-1

ACkom = Ckomez — K° — 4 1 Crk2m — Ck2m+2 3k? Jm+1

- Z — 2D me + Z 2mA—k?) 1Kz zm1
—

m=1 =
_ 16C) 2n—2 — 8Ck2n + Cransz — (K2 —=4)*  Croan—2 — 2Ckan + Cione+2
(1— k?)? 22n-2(1 — 2)2
LG8+ (- @K 4) BN Yo $60=6 s
1— k2 3 3.2n-2

|
Theorem 6: Let A =T (cxo,Cr1 s+ Ckn—1) be Toeplitz matrix, then the lower and upper bounds
for the spectral norm of A are obtained as

16Ck 2n—2=8Ck2n+C2n+2=(K2=4)% | Cran—2—2Ck2n*Ck2n+2
n(1-k?)? 22n-2n(1-k?2)2

(—4k2-8)+(n—1)(2k%-4) —8(-1)"jn_1+6n—6  jn—1 S ”AHZ (28)
(1-k%)n 3n 3n.2n-2
4 Cron—a—Ckon—2—k?-2 _ 2(_1)n_1jn L +5
—k2 et
”AHZ = 4Ck2n1—2k—0k2n—k2—2 . (29)
et el —2(-D"j, +4
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Proof. By (27), and using the property (9), the left hand side of the inequality is completed. On the
other hand, let A = B o C whereas

bjj =1 j=1 Cij = Cr,i-j j=1
B_bij_{bijz(:k‘i_j ]-_ptl and C_Cij_{cijzl ];tl
[1 k-1 Ck—2 Ck,1—n] [ ko 1 1 1]
[1 o Ck—1 " Cirz-n| [ k2 1 1 1]
B =|1 Cra Ck,0 Ck3 n| and C =| Ck2 1 1 1|
ll Ckn—2 Ckn-3 °  Crpo J le,n—1 11 - 1J

Then, by using the sum formula (13) and the definition of the maximum column length norm and the
maximum row length norm, the following equalities are hold:

1 (B) = max Z|bl,| Z|bn,|

j=

_ \/4 Clk2n—4—Ck2n—2—k2-2

1—k2 - 2(_1)n_1jn—1 + 5,

n n n-1
(€)= max Zlcijlz = Z'Cﬂ'z = Z Cre,i
i=1 i=1 i=0

4 Coan—2—Ckan—k?-2 .
= (Mt o gy gy,

If we use the equations given in (7), the right hand side of the inequality is completed. [
Corollary 7: Let A =T (x0,jk1s - rJkm-1) and B =T (Cx0,Cx1s-rCrn—1) Dbe Toeplitz matrix

with k-Jacobsthal and the k-Jacobsthal Lucas numbers, then the Euclidean norm of Kronecker product
of these matrices is given as:

k2 +2

(k2+8)(1-k?2)2 [Ck 2n+2 T zznn2
(n-1)(2k2-2)-4-k?2

(k2+8)(k%2-1) 3(k2+8)

8ck on — I 4 6y ey + DE2 18]

22n-2 22n-2

1A®Bll; = (81 Lo gn 19

16Ck2n-2—8Ck2n*Ch2n+2=K2=20 | Ckan—2=2Ck2n+Ckan+2

(1-k2)2 22n-2(1—[2)2
(k2+4)+(n—-1)(6k%-6) —8(—1)"jn_1+6n—8 Jn
1-k2 3 3.2m-2

Proof. The proof is seen easily by ||A ®B ||z = l|Allg [|Bllg and (23), (27).
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Corollary 8: Let A =T (0, jk1s-rJxn—1) and B =T (Cxo,Cx1, - Crn-1) be Toeplitz matrix
with k-Jacobsthal and the k-Jacobsthal Lucas numbers, then the upper bound for the spectral norm of
Kronecker product of these matrices is given as:

[ 1 (4Ck_2n—4_ck,2n—2_k2_2 + 2(_1)n—1jn_1) + 1]

< k2+8 1-k2
”A ® B”Z —_ [ 1 (4Ck,2n—2_ck,2n_k2_2 + 2(_1)17. ) ) ]
k2+8 1-k2 n
4 Cpon—a—Ckan—2—k?-2 1.
et — = 2(- )"y 5
4 Cpon—2—Ckon—k%-2 .
Lt e 21" + 4
Proof. The proof is seen easily by ||A ®B ||, = ||All, ||B]|, and (25), (29). [

Corollary 9 : Let A =T (yo,Jk1srJen—1) aNdB =T (Cko,Cr1,»Ckn-1) be Toeplitz matrix
with k-Jacobsthal and the k -Jacobsthal Lucas numbers, then the upper bound for the spectral norm of
Hadamard product of the matrices is

[ (founmsmtiana k2 |y qyanay ) ]

2+8 1-k2
lAeBll, < [ :
1 4Ck,2n—2—Ck,2n—k -2 _ .
[k2+8( 1-k2 +2( Dn]") ]
4Cran—a—Ckon—2-k*-2 . . . g .
( i 2(=1)" juy +5)
- —Kk2—
(et (D) 4+ 4)
Proof. The proof is seen easily by ||A o B ||, < ||All; l|B]l, and (25), (29). ]

Corollary 10 : Let A=T (xo s jk1srJkn-1) and B =T (cxo,Cr1,-rCkn-1) be Toeplitz
matrix with k-Jacobsthal and the k -Jacobsthal Lucas numbers, then the upper bound for the Euclid
norm of Hadamard product of the matrices is

1 Ck,2n+2 2Ckon Ck,2n—2
(kz T 8)(1 kz)z Ck2n+2 +—. 22n 2 8Ck,2n 22n —2 + 16Ck 2n-2 +— 22n 2 18]
14 B lls < (n—1)(2k2 — 2) — 4 — k2 1 4,
+ [8(—1)"],1_1 ———6n+8] .
(k2 +8)(k?2—1) 3(k? +8) 2n
16¢kon—2 — 8Ckan + Cronsz —k? — 20 Cron—z — 2Ck2n + Cr2ns2
(1 — k2)2 2211—2(1 —_ k2)2
LKHD+ @16k —6)  BD" Yy 6n=8
1— k2 3 3.2n2
Proof. By ||A o B ||z < ||Allg ||Bllg and (23), (27), the result is found. (]
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ABSTRACT

In this research, we discuss the construction of analytic solution of non-homogenous initial boundary
value problem including PDEs of fractional order. Since non-homogenous initial boundary value
problem involves local fractional derivative, it has classical initial and boundary conditions. By means
of separation of variables method and the inner product defined on L?[0, I], the solution is constructed
in the form of a Fourier series with respect to the eigenfunctions of a corresponding Sturm-Liouville
eigenvalue problem including local fractional derivative used in this study. Illustrative example
presents the applicability and influence of separation of variables method on fractional mathematical
problems.

Keywords: Local fractional derivative, Time-fractional diffusion equation, Initial-boundary-value
problems, Spectral method, Non-homogenous Dirichlet boundary conditions

1. INTRODUCTION

Since mathematical models including fractional derivatives play a vital role fractional derivatives
draw a growing attention of many researchers in various branches of sciences. Therefore there are
many different fractional derivatives such as Caputo, Riemann-Liouville, Atangana-Baleanu.
However these fractional derivatives don’t satisfy most important properties of ordinary derivative
which leads to many diffuculties to analyze or obtain the solution of fractional mathematical models.
As a result many scientists focus on defining new fractional derivatives to cover the setbacks of the
defined ones. Moreover the success of mathematical modelling of systems or processes depends on
the fractional derivative, it involves, since the correct choice of the fractional derivative allows us to
model the real data of systems or processes accurately.

In order to the define new fractional derivatives, various methods exists and these ones are classfied
based on their features and formation such as nonlocal fractional derivatives and local fractional
derivatives. From a physical aspect, the intrinsic nature of the physical system can be reflected to the
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mathematical model of the system by using fractional derivatives. Therefore the solution of the
fractional mathematical model is in excellent agreement with the predictions and experimental
measurement of it. The systems whose behaviour is non-local can be modelled better by fractional
mathematical models and the degree of its non-locality can be arranged by the order of fractional
derivative. In order to analyze the diffusion in a non-homogenous medium that has memory effects it
is better to analyze the solution of the fractional mathematical model for this diffusion. As a result in
order to model a process, the correct choices of fractional derivative and its order must be determined.

Rheology is known as the scientific study of material diffusion. In rheology, mathematical models of
diffusion process are employed to analyze the behaviour of materials which allow us to classify and
compare them. In this study, we focus on fractional diffusion problem including time fractional
derivative. The novelty of this research is that the materials can be classified as liquid, gas and
temperature based on the order of time fractional derivative. For instance, fractional diffusion model
of materials which behaves slower, the order of time fractional derivative is between zero and one and
the order of time fractional derivative for materials which behaves faster is greater than one. Moreover
based on the complexity of the material, suitable fractional derivative need to be chosen to facilitate
the correct analysis of the material. In this study, we classify non-complex materials therefore local
fractional derivative is used. Mathematical model of diffusion problems including local fractional
derivatives gives better results than ones including integer order derivatives [1]. There are many
published work on the diffusion of various matters in science especially in fluid mechanics and gas
dynamics [2-7].

2. MAIN RESULTS

The proportional derivative is a newly defined fractional derivative which is generally defined as
Do f (£) = Ky (o, 1) (1) + Ko (o, OF' (1), €
where the functions K, and K; satisfy certain properties in terms of limit [8] and f is a differentiable
function. Notice that this derivative can be regarded as an extension of conformable derivative and is

used in control theory.

In this study we focus on obtaining the solution of following fractional diffusion equation including
various proportional derivative operator by making use of the separation of variables method:

PDfu(x, £) = Y2y (x, t), (2)
u(0,t) = ug, u(l,t) = uyq, 3)
u(x,0) = f(x) (4)

where0<a<1l,yeRO0< x<1[,0< t< T, uyandu, are constants. Here we use the following
forms of the proportional derivatives:

Do f(t) = K1 (@) f (1) + Ko (@)f ' (©). (5)

Especially we consider the following ones:

D f(8) = (1 —a) f(t) +af'(t) (6)
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and

2Duf () = (1 —a?) () + o*f' (1) ()
Let us consider the following problem including the proportional derivative in (6)

PDEu(x, t) = Yuu (x, t), (8)
u(0,t) = ug, u(l,t) = uy, 9)
u(x,0) = f(x), (10)

where0 <a<1,yeRO0< x<[,0< t < T, uyandu, are constants.

Before investigating the solution of the problem (8)-(10), let us define the function v(x,t) which
homogenizes boundary conditions (9) as follows:

v(x, t) = u(x,t) +§(u0 —Uy) — Ug. (11)

Via (11), the problem (8)-(10) turns into the following problem (12)-(14).

PDEv(x, 1) = Y2 v (%, 1), 12)
v(0,t) =0,v(,t) =0 (13)
v(x,0) = f(x) + %(uo —Uy) — Uy, (14)

where0 <a<1,yeERO0< x<[,0< t < T, uyandu, are constants.

By means of separation of variables method, The generalized solution of above problem is constructed
in analytical form. Thus a solution of problem (12)-(14) have the following form:

v(x, t;0) = X()T(t; o) (15)
where0 < x< [,0< t< T.

Plugging (15)into (12) and arranging it, we have

Pof(T(t0) _ 2 X" _ 52

T(t;0) X(x) A% (16)
Equation (16) produce a fractional differential equation with respect to time and an ordinary
differential equation with respect to space. The first ordinary differential equation is obtained by
taking the equation on the right hand side of Eq. (16). Hence with boundary conditions (13), we have
the following problem:

X"(x) + 12X (x) = 0, 7)
X(0) =X = 0. (18)

The solution of eigenvalue problem (17)-(18) is accomplished by making use of the exponential
function of the following form:

103



Journal of Scientific Reports

Cetinkaya S. and Demir A., Journal of Scientific Reports-A, Number 45, 101-110, December 2020.

X(x) =e™. (19)
Hence the characteristic equation is computed in the following form:
r2+22=0. (20)

Case 1: If A =0, then the characteristic equation have coincident solutions r; , = 0, leading to the
general solution of the eigenvalue problem (17)-(18) have the following form:

X(x) =kyx + k.

The first boundary condition yields

X(0)=k,=0=>k,=0. (21)
which leads to the following solution

X(x) = kyx. (22)
Similarly second boundary condition leads to

XD =kl =0k =0. (23)
which implies that

X(x) =0. (24)
As a result, the characteristic equation (20) can not have the solution A = 0.

Case 2. If 1 > 0, the Eqg. (20) have two distinct real roots ry, r, yielding the general solution of the
problem (17)-(18) in the following form:

X(x) = cie™* + c,e™?*, (25)
By making use of the first boundary condition, we have

X(0)=c +c, =0. €1 = —Cy. (26)
From second boundary condition

X(D) = (—cy)et + et = ¢, (—eMt+e™) =0

Which indicates that ¢, = 0. Hence ¢; = 0 which implies that X(x) = 0 which implies that there is
not any solution for 4 > 0.

Case 3: If 1 < 0, then the characteristic equation have the solutions
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T, = Fid 27)
which leads to the general solution of the eigenvalue problem (17)-(18) have the following form:
X(x) = ¢; cos(Ax) + ¢, sin(Ax). (28)
By making use of the first boundary condition we have

X(0)=¢=0=¢ =0. (29)
Hence the solution becomes

X(x) = ¢, sin(Ax). (30)
Similarly last boundary condition leads to

X() =c,sin(Al) =0 (31)
which implies that

sin(Al) =0. (32)

Let w, = A,l. The solutions of (32) can be denoted by means of w,, = nm, n = 0,1,2,3, ... which are
eigenvalues of the problem (17)-(18), as follows:

2
=" 0<w, <wy, <ws<-,n=0123.. (33)

2
As a result the solution is obtained as follows:

X,(x) = c, sin (wn G)) = sin (Wn G)) n=0123,.. (34)
The second equation in (16) for eigenvalue 4, yields the ordinary differential equation below:

Po(rca)) _

2
T (t;a) 4 A ! (35)

K1 () Tn(t;a)+Ko () T/ () —y2)2
Ta(tia) =TV

Ko ()T, (t; @) + (v?25 + K1 (e))To(t;0) = 0

which yields the following solution

_VPARHK (@
Ko ()

T, (t; @) = exp( t), n=0,123,.. (36)

The solution for every eigenvalue A,, is constructed as
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108, £ @) = X, COT (6 @) = exp (- LK@ ) iy (Wn G)) n=123,.. 37)

Ko(a)

which leads to the following general solution

v(x, t; @) = Yoy dy Sin <Wn G)) exp (— Ll AL NC) t). (38)

Ko(a)
Note that it satisfies boundary condition and fractional differential equation.

The coefficients of general solution are established by taking the following initial condition into
account:

v(x,0) = £+ (o — ur) = ttg = Biima dy sin (wn (). (39)
The coefficients d,, for n = 0,1,2,3, ... determined by the help of inner product defined on L2[0, []:
d, = %[fol sin (nlﬂ) f)dx + (ug — uy) fol sin (nlﬂ)%dx — U fol sin (nlﬂ) dx]. (40)

Substituting (40) in (38) leads to the solution of the problem (12)-(14). By making use of (11) and this
solution we obtain the general solution of the problem (8)-(10).

= (u, — o i x _ Y2 @
ulx,t) =uy + A (ug —ug) + Xy dyy sin (Wn (l)) exp ( Ko(@) t). (41)

If ¥2 is replaced by the fractional diffusion coefficient c?tl~% where c¢? is ordinary diffusion
coefficient and t,, is a time constant the solution takes the following form:

o . 2 1—(12'2 K( )
ulx, t;a) =ug + %(u1 —Uy) + Ymeq dyy Sin (Wn G)) exp (— %t) (42)
3. ILLUSTRATIVE EXAMPLE
In this section, we first consider the following non-homogenous initial boundary value problem:

ut(x1 t) = uxx(x, t),

u(0,t) =1,u(2,t) =1,

u(x,0) = —sin(mx) + 1 (43)
which has the solution in the following form:

u(x, t) = —sin(mx) e ™t + 1 (44)

where0 < x<2,0<t<T.

Example 1. Now let the following problem called fractional heat-like problem be taken into
consideration:
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pta(x, t)=uxx(x,t), (45)
u(0,t) = 1, u(2,t) =1, (46)
u(x,0) = —sin(mx) + 1 (47)

where0<a<1, 0<x<20<t<T.
To make the boundary condition (46) homogenous, we apply the transformation
v(x,t) =ulx,t)—1 (48)

to the above problem which leads to the following fractional heat-like problem

pta(x,t)=vxx(x,t), (49)
v(0,t) =0, v(2,t) =0, (50)
v(x,0) = — sin(mx) (51)

where 0 <a<1,0<x<20<t<T.Itisclear from Eq. (38) that the solution of above problem
can be obtained in the following form:

(52)

n2n2+4—4at)
4a ’

v(x, t; @) = Yooy dy, Sin (nzﬂ) exp (

Plugging t = 0 in to the general solution (52) and making equal to the initial condition (51) we have
- . nmnx

—sin(mx) = Yo, d,, sin (T) (53)

The coefficients d,, for n = 0,1,2,3, ... are determined by the help of the inner product as follows:

d, = foz —sin (?) sin(mx) dx.

d, = 0forn # 2. Forn = 2, d, is obtained as follows:

x=2

=d, = —foz sin?(mx) dx = —%(x + M) =-1. (54)

47 x=0

Substituting (54) in (52) leads to the solution of the problem (49)-(51).

v(x,t; @) = — sin(mx) exp (— nzt%t) (55)

By making use of (48) and the solution (55), we obtain the general solution of the problem (45)-(47)
as follows:

m+1-a

u(x, t; a) = — sin(mx) exp (— t) + 1. (56)

It is important to note that plugging @ =1 in to the solution (56) gives the solution (44) which
confirm the accuracy of the method we apply.
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Example 2. Now let the following problem called fractional heat-like problem be taken into
consideration:

pta(x, t)=uxx(x,t), (57)
u(0,t) = 1, u(2,t) =1, (58)
u(x,0) = —sin(mx) + 1 (59)

where 0 <a <1, 0<x<20<t<T. To make the boundary condition (58) homogenous, we
apply the transformation

v(x,t) =ulx,t)—1 (60)

to the above problem which leads to the following fractional heat-like problem

2Pta(X,t)=vxx(x,t), (61)
v(0,t) =0, v(2,t) =0, (62)
v(x,0) = — sin(mx) (63)

where 0 <a<1,0<x<20<t<T.Itisclear from Eq. (38) that the solution of above problem
can be obtained in the following form:

e . nmnx n?n?+4-4a?
v(x, t; @) = Ymeq dy Sin (T) exp (— e t). (64)
As in Example 1, after similar computations the solution can be constructed as follows:
2,1 _2
u(x, t; a) = — sin(mx) exp (— z +a12 = t) + 1. (65)

It is important to note that plugging @ =1 in to the solution (65) gives the solution (44) which
confirm the accuracy of the method we apply. The graphics of solutions, obtained by MATLAB
2016b, for Ex.1, Ex. 2 and Problem (43) in 2D and 3D are given in Fig.1 and Fig.2 respectively.
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—S— solution of Ex. 1
—+—solution of Ex. 2
— solution of integer arder derivative

0.9
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Figure 1. The graphics of solutions for Ex. 1 and Ex. 2. in 2D at x=0.1 for « = 0.8.

-solution of Ex. 1

[ solution of integer order derivative

[ solution of Ex. 2

Figure 2. The graphics of solutions for Ex. 1 and Ex. 2 in 3D for a = 0.8.
4. CONCLUSION
In this study, the analytic solution of time fractional diffusion problem including local fractional

derivatives in one dimension is constructed analytically in Fourier series form. Taking the separation
of variables into account, the solution is formed in the form of a Fourier series with respect to the
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eigenfunctions of a corresponding Sturm-Liouville eigenvalue problem including fractional derivative
in a proportional sense.

Based on the analytic solution, we reach the conclusion that diffusion processes decays exponential
with time until initial condition is reached. As o tends to 0, the rate of decaying increases. This
implies that in the mathematical model for diffusion of the matter which has small diffusion rate the
value of a must be close to 0. This model can account for various diffusion processes of various
methods.
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ABSTRACT

Bringing several innovations to our daily life, the importance of artificial intelligence technology has
been increasing day by day and has created new fields for researchers. Gender classification is also an
important research topic in the field of artificial intelligence. Studies on gender prediction from face,
body, and even fingerprint images have been done. Also, today, biometric recognition systems have
reached levels that can determine people's fingerprints, face, iris, palm prints, signature, DNA, and
retina. In this study, various models were trained and tested on gender classification from fingertip
images. In the, a ready dataset was not used and finger images were collected from more than 200
people. Rotation, cutting, and background reduction are applied to the collected images and made
ready for the training. 4 different network models were set in the fieldwork. Data augmentation and
transfer learning were used in these models. Working in a limited area, the model we created has
achieved high-performance results, for all that the quality and angles of each image are different. The
model proposed in this study has a performance rate of 86.39%.

Keywords: Gender Prediction, Deep Learning. Fingertip
1. INTRODUCTION

Increasing the scope areas of deep learning applications, which are the sub-branch of machine
learning, are a natural result of the rise in big data formation. Speech recognition, object recognition,
emotion analysis, and image classification are some of the areas of deep learning. Researchers are
trying to create human-like computer models by developing artificial learning techniques, which are a
vast area of research [1, 2].

In this study, the answer to the question of whether sex discrimination can be made from fingertip
images, which has not been done before and is a difficult task, was sought. CNN structures provide
very good results in estimating gender, especially from facial images. Methods were developed and
tests were carried out on how successful they could be in solving this problem.

One of the main challenges here is that many obstacles and noises can lead to wrong conclusions.

Shooting finger images in the right light conditions and with a quality camera will ensure accurate
extraction of features and increased predictive accuracy at the same rate. However, since more than
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200 people used different finger images, and all were taken from mobile phones with different angles
and different quality cameras, the study will result in high-performance reductions. To avoid these
problems, the loss was minimized by applying rotation, cropping, and background reduction. Apart
from these processes, no filtering, blurring processes have been applied to produce results that are
close to natural life and reality.

While collecting the data, the participants were explained the purpose of the study and the personal
data would be protected. It is clearly stated that the data will be uploaded to environments such as
Kaggle for the benefit of the researchers and the identity information will not be shared for the
protection of personal data. The data was sent to the author only by mail and in a compressed form. It
was not uploaded to any server except the Kaggle environment and no information was shared with
third parties. For gender classification, 2110 finger images were studied.

Apart from the basic model created in the study, methods such as transfer learning, data enhancement,
and combined forms of these methods are used. The results are compared with each other. To achieve
the best results, hyperparameters such as learning rate, optimization method, mini-batch size, and
maximum epoch number were changed and tests were repeated.

In the literature, generally, Adience data set containing facial images have been used for gender
classification studies [3, 4]. Due to its ease of use, high predictive power, and graphics card-supported
parallel operation, Convolutional Neural Networks (CNN) are among the methods that remain up-to-
date in pattern classification [5, 6, 7]. Besides, CNN architecture was first used in a large training set
of ImageNet. One of the most common problems that researchers who prefer CNN for Problem-
solving are the preparation of a problem-specific data set. With the high number of layers of CNN, a
training set containing adequate patterns for the problem needs to be established by the researchers.
The ImageNet dataset, for example, is the result of one million images being tagged with one of 1000
classes. A CNN trained using this set, prepared as a result of large studies, can make high-accuracy
predictions.

In the absence of sufficient data, the problem arises how to use CNN with high-performance rates.
“Transfer learning” or “knowledge transfer” approach is used to solve this problem. Information
transfer is the realization of information transfer from a trained ANN (Artificial Neural Network)
network with ImageNet or a data set that has proven educational success. Transfer learning with
AlexNet was attempted in this study. This method has become an important research topic with the
development of deep learning methods. Transfer learning is similar to the human learning model, as in
classical ANN models. People also use the solution of problems they have experienced before to solve
a problem they have not encountered before while learning [8, 9].

2. LITERATURE REVIEW

There is no study in the literature that uses artificial intelligence and fingertip images together. For
this reason, there is no data set as in the study. However, there are studies that stand out with the
similarity of purpose and method.

Similar to the study, Illlouz et al. [10] designed a CNN that can predict gender from handwriting.

English and Hebrew handwriting was used by 405 participants and a total of 810. They achieved a
minimum accuracy of 71.05% and a maximum accuracy of 78.95%. Baek et al. [11] aimed to make a
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gender prediction by using the whole-body image, unlike many facial images and gender estimation
studies. Since factors such as shade, clothing, and accessories will affect performance, they use
infrared cameras and focus only on body shape. Liu et al. [12] intended to estimate gender from
human gait and used SVM instead of SoftMax. They increased the accuracy rate of 87.10% with
VGG16 to 89.62% using SVM. Akbulut et al. [13] have performed gender recognition from facial
images with deep learning. As a method of deep learning, Local Receptive Fields — Extreme Learning
Machine (IRF-ELM) and Convolutional Neural Networks (CNN) were used. The experiments were
carried out in a facial dataset created for age and gender recognition. Viedma et al. [14] are a CNN
design that estimates gender from iris images by comparing them to VggNet and ResNet. Using the
GFI-UND data set, they achieved an average success rate of 75% with ResNet and VggNet. However,
they have achieved an 85% success rate by using fewer layers with their own designed network.
Morera et al. [15] designed a CNN using the IAM data set with English handwriting and the KHATT
data set with Arabic handwriting and achieved an average success rate of 68.90% in the gender
prediction success rate. Afifi [16] has developed a model that makes gender estimation with 11.000
hand images. It reached this number by combining many data sets. With 30 epoch and 0.0001 learning
rate, it reached 87% in the palm and 91% in the dorsal view of the hand. Although the total number of
images is not unique, a hand has many images from various angles. In the data set prepared for this
study, each finger is unique. Barbosa et al. [17] designed a temporary biometric system using nail
images. The deep learning algorithm was not used, and it was seen in the tests performed that
recognition was successful after 1 week and failed after 2 months depending on the shape of the nail.
According to the number of data used in the model created in the study was studied with very little
data. This study is a precursor to a new biometric recognition system. Ceyhan et al. [18] propose a
new method based on ANN model to estimate genders from fingerprints with their study. Modeling
operations were obtained by obtaining fingerprints, analyzing the obtained fingerprint images in
different dimensions, calculating the peaks, and finding the fingerprints average peak values of
individuals. These attributes were then combined into the model. In the study, preparation, adjustment
of the model structure, and finally testing of the model were discussed. The results of the proposed
model have a 72% success rate.

3. MATERIAL AND METHOD

In the study, many CNN models were designed and the results were compared. The created models
are discussed under this title. Layer numbers and hyperparameter values of each model were
constantly changed to find the optimum value. Several preprocessing methods were applied to the
data.

While the value of the trained model was found to be able to make the most accurate estimation, the
number of layers was increased from 3 to 9, and then the hyperparameter adjustments were made.
Hyperparameter experiments were made with the model that has 7 convolution layers. First, the mini-
batch size was increased from 16 to 64 and the tests were repeated for each value. After the best result
was obtained with a value of 32, the learning rate was tried for 0.01,0.001 and 0.0001.

Optimization algorithms were changed after finding the best result layer number, Learning rate, and
mini stack size. Training and testing were repeated after each change. Sgdm (Stochastic Gradient
Descent with Momentum), Adam (Derived from Adaptive Moment Estimation), and RmsProp (Root
Mean Square Propagation) methods have been tried. When Stochastic Gradient Descent with
Momentum is used to train a neural network, ‘solverName’ should be specified as 'sgdm'. An
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independent variable called 'InitialLearnRate' is used to determine the initial value of the a learning
rate [19]. Sgdm algorithm has given the fastest and highest accuracy rate in terms of education-test.
The tests made with the sgdm algorithm tried to find the number of epochs that achieved the best
prediction success. For this, 6,10,12,15 and 20 epoch values were tried. In all tests, it is aimed to
minimize the loss and to have the highest estimation success. Also, the pre-processes applied to the

data before training given in Figure 1.
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Figure 1. General flow diagram.

3.1. Base Model
The model prepared for the study consists of 7 convolution layers and 2 fully connected layers.
Among these layers, layers such as maximum pooling layer, ReLu, and batch normalization are used.

Figure 2 shows the proposed CNN model.

Data 227x227x3

Conv1 3x3 (8)
Batch Normalization
Relu
Max Pooling 2x2 Stride 2

Conv2 3x3 (16)
Batch Normalization
Relu
Max Pooling 2x2 Stride 2

Conv3 3x3 (32)
Batch Normalization
Relu
Max Pooling 2x2 Stride 2

Conv4 3x3 (64)
Batch Normalization
Relu

Max Pooling 2x2 Stride 2

Conv5b 3x3 (128)
Batch Normalization
Relu
Max Pooling 2x2 Stride 2

Convb 3x3 (256)
Batch Normalization
Relu
Max Pooling 2x2 Stride 2

« Conv? 3x3 (512)
« Batch Normalization
. Relu

« Fully Connected (2)
. SoftMax
. Classification

Figure 2. Proposed CNN model for gender prediction.
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The sequence of processing and the properties of the layers are as follows:
Random pictures of 227x227x3 size were cut from the pictures of different sizes at the input.

In the first convoluted Layer, 8 3x3 filters were applied to the images which were converted to
227x227x3 size. Images that then passed through the batch normalization and ReLu layer were
processed at a maximum pooling layer of 2x2 size with 2 strides.

In the second convolution layer, 16 filters of 3x3 size were applied to the data, and ReLu, 2 stride
maximum pooling, and batch normalization layers of 2x2 size were applied.

32 filters of 3x3 size were applied to the data from the third convolution layer and ReLu, 2 strides,
2x2 maximum pooling, and batch normalization layers were applied.

64 filters of 3x3 size were applied to the data reaching the fourth convolution layer and ReLu, 2
strides 2x2 maximum pooling, and batch normalization layers were applied.

In the fifth convolution layer, 128 filters of 3x3 size were applied and ReLu, 2 strides 2x2 maximum
pooling, and batch normalization layers were applied.

In the sixth convolution layer, 256 filters of 3x3 size were applied and ReLu, 2 strides 2x2 maximum
pooling, and batch normalization layers were applied.

The seventh convolution layer applied 512 filters in 3x3 size and ReLu, 2 strides 2x2 size maximum
pooling, and batch normalization layers were applied. At the end of this layer, 4608 parameters enter
the fully connected layer.

Data from the fully connected layer has been prepared for the training process by connecting SoftMax
to the output of the fully connected layer with 2 connections and classification layers to its output.

Of the parameters used in the training, the important ones for this study were that the learning rate is
0,001, mini-batch size is 32 and the maximum epoch is 15. 70% of the data was used for training and
30% for testing. The data allocated for the test is different from the data used in training.

3.2. Model with Data Augmentation

It is the model created with the same parameters by applying data augmentation operations to the
Basic Model. For data enhancement, there are techniques such as rotating the image at the desired
angle, rotating it on the horizontal or vertical axis, changing color, or adding noise [20]. When
generating new images, the random rotation range is specified as [20, -20] degrees. The angle of
rotation is randomly selected within the specified range. Also, the horizontal and vertical translation
interval applied to the specified input image is specified as [5, -5]. Translation distance is measured in
pixels. Random rotation operations are performed on the horizontal and vertical axis at the specified
intervals. The reproduced sample images are shown in figure 3.
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Original Reproduced
Image images

Figure 3. Original and Reproduced Images.

3.3. Model with Transfer Learning
In this model, a transfer learning approach, defined as the transfer of previously trained Evolutionary

Neural Network models, was applied to classify genders. It was based on the AlexNet model. The
network was retrained with the data set created by changing the 3 layers at the end of this previously
trained network. AlexNet has 5 convolution and 3 fully connected layers. In the study, these layers
were used as the transfer feature extraction layer. The structure of the new model is given in Figure 4.
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Figure 4. Transfer learning application with AlexNet [21].
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3.4. Transfer Learning and Data Augmentation Applied Model

The data learning process applied to the base model and the transfer learning model with AlexNet
were combined and a new model was created. Instead of the last 3 layers of AlexNet, the parameters
defined in the ‘Model with Data Augmentation’ section have been added by adding the fully
connected, SoftMax, and classifier layers of the base model.

4. EXPERIMENTAL EVALUATION

When designing machine learning models based on data such as CNN, the algorithms or techniques
used in the model require some parameters that the designer must decide on. The researcher decides
what parameters will be such as mini-batch size, epochs, learning rate, and shuffle. In general, the
choice of preferences for these parameters initially is not clear and precise; problem, dataset, etc. It
varies depending on such factors. Therefore, what to choose is left to the person who designed the
network. Parameters that vary depending on the problem, dataset, and similar factors are expressed as
hyperparameters [22]. Most models take a long time to train; some models last for days. For this
reason, the training process is tried to be shortened as much as possible by changing the
hyperparameters and finding optimum values. Hyperparameters that are constantly changed in this
study are given in Table 1.

Table 1. Changed parameters and values.

Hyperparameter Range
Learning Rate [0.001, 0.0001]
Mini-Batch Size [10 32 64]
Epoch [6 10 12 15 20]

Apart from the parameters, layer numbers and filter numbers have been changed to achieve the best
success rate. The best results yielded a model consisting of 7 convolution layers and 2 fully connected
layers. Among these layers, layers such as maximum pooling, ReLu, and batch normalization are
used. The training and performance results of the proposed model are given in Figure 5.
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Figure 5. The success rate of the proposed model.
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Training has been completed in 15 epochs and 690 iterations. 46 iterations have occurred in each
epoch. Training and tests have been completed in 2 hours and 16 minutes.

To understand whether the results are better than real people's estimates, a questionnaire with 100
different fingertip images was applied to 100 people and they were asked to guess their gender.
Participants were able to reach an average of 55.34% accuracy rate. The proposed model was able to
predict better with an accuracy rate of 86.34%. The sample survey image is given in Figure 6.

What gender does the finger you see in the picture belong to? What gender does the finger you see in the picture belong to?

Man
Woman Woman

‘What gender does the finger you see in the picture belong to?

Man
Woman

Figure 6. Question samples from the applied questionnaire.
In Figure 6, the top left image belongs to a man and the other 2 images belong to 2 different women.
While 80% of the participants were able to answer the male finger in the picture correctly, no one was

able to answer the other 2 questions correctly. Values such as average values of the survey, the
number of participants, and best estimate results are graphically shared in Figure 7.
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Figure 7. The predicted success of participants.

As the chart shows, 100 participants received an average score of 55.34. As there were no correct
answers to all of the questions, only 1 person was able to gather the closest prediction success to the
CNN model by answering 65 of the questions correctly. As it is known that the proposed model
achieved 86.39% estimated success, it was proved by this survey that it produced much better results
than a human being.

Because the collected images were constantly changing, tests were conducted with different data
sizes. As a result, the effect of data size on the success rate has also been analyzed. The relation of the
number of the epoch, learning rate, mini-batch size, convolution layer numbers with data size was
examined with 4 different models. B.M (Base Model), M.D.A (Model with Data Augmentation),
M.T.L (Model with Transfer Learning), T.L.D.A.M (Transfer Learning and Data Augmentation
Applied Model). Different tests and success rates were shared in Table 2.

Table 2. Effects of Data, Layer and Hyperparameter values on the results.

Values
Model
1115 Female and 995 male 558 Female and 550 male fingertip images
fingertip images
Number of | 15 10 10 6 12 12 12 20
Epoch

Learning 0.0001 0.001 0.0001 0.0001 0.0001 0.0001 0.0001 0.0001
Rate

Mini-Batch | 32 32 64 10 10 10 10 10

Size

Number of | 7 7 7 3 3 5 7 3

Convolution

Layer

B.M 86,39 76,58 82,59 73,19 76,81 86,75 81,93 78,92
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Success
Rate.
M.D.A 84,81 75,16 70,32 72,29 79,82 80,72 74,40 72,89
Success
Rate.
M.T.L 81,65 77,85 75,79 88,25 87,35 75,90 88,55 87,95
Success
Rate.
T.L.D.AM 81,26 72,15 65,43 81,63 91,57 86,75 86,45 86,75
Success
Rate.

The model, which was suggested with full data, obtained the best results with 15 epochs, 0.000.1
learning rate, and 32 mini-batch sizes. In this model, 7 convolution layers have been used and the
number of filters has increased gradually to 16,32,64,128,256 and 512, and gradually deepened. As a
result of the tests carried out with these values, 86.32% success rate was obtained. The model, which
has been applied data augmentation with fewer data sets, has achieved a maximum success of 80.72%
with 12 epochs, 0.0001 learning rate, and 10 mini-batch sizes. In this model, 5 convolution layers are
used and the number of filters is gradually increased. The model, which was subjected to the Transfer
Learning process and used a small amount of data, achieved 88.55% success.7 The convolution layer
was used and the number of filters in the proposed model was used. Both the transfer learning process
and the data increment process gave the best result with fewer data. In this model, 3 convolution
layers were used and 91.57% prediction accuracy was achieved. It can be seen that in studies using
less data, the models that increase data yielded better results but did not show the same performance
when the original data size was increased. In tests performed with the maximum number of data, all
the fitting processes were performed and results with close or better results were found with the tests
performed with a small number of data.

In the learning process steps, to analyze whether the color data is important and if it is important, the
images were converted to black and white format, and the convolution layer numbers were changed
and tests were performed with B.M and M.D.A. In the tests, 995 male and 1115 female fingertip
images were used. Mini-Batch size was 32, the learning rate was 0.001, and the epoch was 12. The
result of the tests was shared in Table 3.

Table 3. Effect of Black and White Color Conversion on Results.

Success Rate (%)

Model
3 Conv. 5 Conv. 7 Conv.
Layer Layer Layer
B.M 67,88 70,09 77.85
M.D.A 64,24 58,86 57,65
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It was determined that the reason that success rates were lower than the tests performed with color
images was due to factors such as henna, nail polish on women's nails, and the difference of colors in
the nail flesh.

5. CONCLUSION

Today, the increasingly popular areas of biometric recognition and deep learning have provided
researchers with different areas of study. The study also analyzed the performance of CNN models in
estimating gender from fingertip images, which yielded very good performance results in estimating
gender from facial images. To increase the success rate, layer numbers, filter numbers, and hyper-
parameter values have been modified and tested. Four different models were produced and each
model was able to detect better than real person estimates.

There has been no previous study of fingertip images in the literature. But some studies show
similarities in purpose and technique. For example, Antipov et al. [23] after designing a CNN, they
reduced the number of filters in the network’s convolution layers and the size of the fully connected
layer. These layer and filter reductions achieved both speed and memory gain. Accordingly, there was
a negligible decrease in the rate of performance. However, in this study, because the number of data is
low and the image sizes are low, the number of filters in each layer was gradually increased and the
best estimate success rate was tried to be found. Juefei-Xu et al. [24] instead of using facial images
entirely, they blur some areas. Blurring outside the periocular region has made them better use of
high-frequency details in the periocular region. In the study, the participants were asked only for
fingertip images because they had already been studied in a narrow area and no blurring was applied
to a specific part of the fingertip used.

In the literature, some studies use ready-made datasets such as Adience, IMDB, WIKI [25, 26], as
well as studies that combine many databases and obtain a new dataset [27, 28]. In this study, the data
were collected from the participants one by one, and a new data set was created. The data set has been
uploaded to Kaggle for researchers who want to research on this topic [29].

The basic model proposed in the study consists of 7 convolution layers and 2 fully connected layers.
Among these layers, 86.39% success was achieved by using layers such as maximum pooling, ReLu,
and batch normalization. A transfer learning model was created by removing the last 3 layers of
AlexNet architecture and adding the fully connected layer, softMax, and classifier layers in the basic
model instead of these layers. With this model, a success rate of 81.65 was achieved. When data
enhancement is applied to Transfer Learning model, the success rate decreased and became 81.65%.
This data was 84.81% when data increase was applied to the basic model.

According to the results obtained, it has been proven that the proposed model can be used for the
gender recognition problem from the fingertip images. Also, even though the original training and test
data are limited, it has been demonstrated that CNN structures are a very effective method for solving
this problem, with all models created above 80% success. In future researches, it is recommended to
increase the success rate with different deep network architectures by expanding the data set created in
this study. The method proposed in this study can be used in new biometric recognition systems or as
a filter for preprocessing in the existing biometric recognition systems.
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ABSTRACT

Opuntia Ficus Indica (OFI) cladodes are rich in pectin rich polysaccharides can be used nutraceutical,
medical and pharmaceutical purposes as a cheap source of raw material. In this study characterization
and Response Surface Methodology (RSM) of ultrasonic assisted extraction (UAE) of water-soluble
crude polysaccharides (CPS) of OFI cladodes were studied using Box-Behnken Design (BBD). Effect
of power intensity, set temperature and processing time investigated, Optimal conditions for yield
maximization is found as 345.5 W, 304.5 K and 28.5 min. respectively with the predicted yield as
18.58% dry base polysaccharide extract and this value was validated by experiments at optimal
condition having the value as 18.484+0.35%. General composition of the extracts at the optimal
condition was 7.5+2.22% moisture content, 14.4+0.87 ash, 0.18+0.05 protein, 82.12+7.2% total sugar
content (SC) in glucose, 72.75+6.8% SC in galacturonic acid in dry basis. Degree of esterification was
found 40.57+3.11% proving that extracted polysaccharides was low-methoxy (LM) pectin-based
material which can be used a good alternative and cheap source for industrial LM pectin.
Additionally, this study depicts the importance of the temperature control and temperature rise of
UAE systems since depending on power, time and temperature combination, temperature inside the
reactor can be increased 7-11.8%.

Keywords: Opuntia Ficus Indica, Cladode Polysaccharides, Response Surface Methodology,
Ultrasound Assisted Extraction

1. INTRODUCTION

Opuntia Ficus Indica (OFI) is a South American cactus species that comes from the Cactacea (cactus)
family. Under the Platyopuntia species of the Opuntia species, it stands out with its altered and
flattened branches called cladode which has thorns (1-2 cm) and glochids (0.15-0.2 cm) on the surface
[1] OFI; Mexico, Iran, Tunisia, Eritrea, Ethiopia, Argentina, Peru, Bolivia, Brazil, America, Spain,
Italy, Israel, Morocco, is grown in semi-arid countries such as South Africa and Turkey. OFI is known
as Chumbera in Spain, Higo De Las Indias in India, Fico D in India in Italy, and Barbarie in France.
Due to its high degree of ecological adaptation, this plant can be found in almost all climatic
conditions [2].
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OFI fruit, seed and cladodes are used in commercial areas as nutraceutical and functional products in
many countries such as Mexico, Chile and Spain. The fruit part of OFI is consumed fresh or pre-
processed; The seed part is used in the cosmetics industry in Morocco and Tunisia in products such as
fruit juice, fruit juice concentrate, coloring food, powder products, soft drinks, jam and marmalade [2].
OFI cladodes are characterized by flat bodies with oval or elongated shape and exhibit photosynthetic
properties. It can be used for various products such as high dietary fiber powders, juices and nectars,
canned cladode products and brine. Young cladodes are consumed in Mexico and Chile as fresh
vegetables or added to foods such as sauces, salads and soups. In addition, it is used to protect fresh
fruits [3], encapsulating agent for bioactive components, gallic acid and betalains [4-6] and edible
film formation [7, 8]. The main components of cladodes are carbohydrate polymers containing a
mixture of pectin and mucilage. Looking at the chemical composition of the cladodes; It contains 91%
moisture, 4.5% carbohydrates, 1.5% protein, 0.2% fat, 1.3% ash. In addition, it is reported that
cladodes contain 11mg \ 100g vitamin C 30 pg \ 100g carotenoid with its rich dietary fiber content up
to 43% [9-11] Since ancient times, cactus plants have been used to heal diseases and wounds. Today,
it is seen that cactus fruits and the body part called cladodes are still used as therapeutic agents.
Scientific data on the medicinal properties of cactus are constantly expanding [4, 12].

OFI has become the focal point of many researches nowadays as it has been involved in the treatment
of various diseases such as diabetes, high cholesterol, high blood pressure, stomach diseases, and
rheumatic pain in traditional folk medicine and in many countries. OFI contains bioactive components
that strengthen the immune and nervous system, reduce oxidative stress-related diseases, sweep free
radicals, reduce lipid peroxidation, and increase glutathione level [2, 13, 14].

OF1 cladodes are composed of gel part and fiber part where high molecular weight polysaccharides
(mucilage) are found. The mucilage in the cladodes; It has been reported to consist of arabinose,
galactose, xylose and rhamnose and a small amount of galacturonic acid as neutral sugars. Therefore,
cladodes are reported in the literature as rich in polysaccharides as pectin source [15, 16]. Pectin is a
common additive in the food industry, which contains different amounts of methyl esters and
dissolves in different degrees of neutralization, forming a gel-like structure with sugar and acid under
favourable conditions. Apple pulp, orange peel, sunflower tray and sugar beet are the most common
raw materials for pectin production. It is stated that the products obtained in the techniques applied in
polysaccharide extraction from OFI cladodes are mostly low methoxy (LM) pectin. LM pectin form a
gel in a wider pH range (pH: 2-6) with multivalent cations (such as Ca + 2) at sugar-free or low sugar
concentrations [12, 17-19].

Extraction phenomenon is the way of obtaining polysaccharide from plant tissue by obeying mass
transfer rules. Numerous methods can be applied to extract biological materials such as plant base
polysaccharides. Among these methods, besides maceration with hot water or solvent extraction,
supercritical fluid extraction, subcritical water extraction, enzymatic extraction, microwave-assisted or
ultrasound-assisted extraction or combinations thereof can be said [19-25]. Although this process
requires long times, high amount of chemical and energy in conventional techniques, emerging
technologies such as ultrasound which eases this process while improving solvent penetration,
enhances suspension quality and overcomes mass transfer limiting interface [26-28]. Ultrasound
assisted extraction (UAE) is a “Green Chemistry” technique due to requiring minimum amount of
chemical, energy and time at lower temperatures while ensuring comparable amount of yield
compared to conventional techniques such as hot water or solvent extraction [23, 29].
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Sonication systems are divided into two application groups associated with applied power and sound
frequency called high power low frequency and low power high frequency ultrasound. Industrial
applications such as extraction require intensive energy to enhance heat and mass transfer. Applied
low frequency high power (around 20kHz) sonicator is used in forms such as bath or probe systems.
Probe systems satisfies intensive energy with high efficiency so that these systems are more useful
than bath system especially for processes like extraction which requires strong mixing and cell wall
disruption. In addition to mass transfer enhancement, in literature it was observed that sonication
systems improve heat transfer regardless of changing conditions like viscosity and ensures stable
transfer rates in whole reactor unlike conventional heating system which provides limited and
diminishing heat transfer rates [30]. Ultrasound-assisted applications play a role in increasing
extraction rate and efficiency [25, 31]. Extractable components appear in the tissue by being damaged,
and ultrasound applications have been reported to increase the extraction kinetics and the quality of
the extract [20]. Studies in the literature show that ultrasound has a positive effect on polysaccharide
extract yield [23]. In the literature for the extraction of pectin from OFI cladodes; microwave assisted
and ultrasound assisted extraction methods, alkali applications, methods using different solvents to
precipitate mucilage such as isopropyl alcohol, ethanol and acetone have been reported in various
yields ranging %7-25 (dry base) [10, 15, 17, 18, 32].

System modeling is a useful tool for not only predicting rate and yield but also for understanding the
major ultrasound factors and their effects on the extraction process. In this study, correlation among
convective heat transfer coefficients and mass transfer rate, which limits concentration in solvent and
particle velocity were inspected for selected sonication parameters such as time, temperature and
amplitude using experimental observations which were obtained by Response Surface Methodology
(RSM).

In this study, polysaccharide of OFI cladodes were extracted by UAE method investigating the effect
of applied power, temperature and processing time on the yield of extract. Properties of
polysaccharide in optimal condition was investigated by chemical properties of extracts in terms of
degree of esterification and total sugar composition.

2. MATERIAL AND METHOD

2.1. Materials

OFI cladodes were freshly harvested obtained in Jun, 2019 from trial lands located in
Mersin/Erdemli/Turkey which was set for European Union Project for OFI studies. Average
dimensions of the cladodes were 323+7 mm toll, 152+4 mm wide having 1043 thickness (2:3 of it was
skin) with 135+15 g. Average pH of mucilage par of samples were 5.71+£0.07. Samples were cleaned
in warm water after the thorns and epidermis were removed before treatments. The cleaned parts were
cut into small pieces (~ 1cm) and weighed and dried in the oven at 60°C for 24 hours. The dried
Cladodes were grounded in a high speed disintegrator (Knife Mill GRINDOMIX GM 200, Retsch
GmbH, Haan, Germany) to obtain homogenate bulk which was fine powder (Particle size: 360+45
um).  All samples were kept at 4°C for further treatment. All chemicals used for analyses were
purchased from Sigma-Aldrich (St. Louis, MO, USA) in analytical grade.

2.2. Ultrasound Assisted Extraction Procedure

Samples were treated into distilled water satisfying 1:15 solid liquid ratio and pH is adjusted to 2.8
with hydrochloric acid as advised in previous studies [11] which was modification of the method
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developed by Bagherian et al. [49]. Sonication process was applied using probe (14 mm diameter, 90
mm height) type sonicator (Hielscher UP400S, 24 kHz, Germany) at sonic power up to 400 W. 250
ml volumetric flask was used at the same liquid height of 40+5 mm and merged depth of probe was
35+5 mm. Flask was covered by water jacket for temperature control and additional magnetic stirring
was applied in reactor to provide homogeneity. Applied sonication energy was recorded through using
wattmeter (VOLTCRAFT Energy Check 3000, Germany) and temperature on the wall (Two) and
inside the reactor (Tm) was noted to monitor temperature increase inside the reactor by prolonged
extraction (Fig 1).

Reactor temperature
(Trm)

Probe
Medium

Magneﬁc stirrer

Jacket temperature
(Two)

Figure 1. Demonstration of sonication system.

2.3. Calculation of Crude Polysaccharide (CPS) Yield

After sonication, water-sample mixture was centrifuged at 4000 rpm for 15 min. then filtered in order
to obtain water soluble part. Settled part was not considered for further calculation. Sevag method was
applied to permeate for protein removal [33]. After removal of the Sevag reagent, 200 ml of
anhydrous ethanol was added and the mixture was kept 24 h at 4°C to precipitate high molecular
weight carbohydrates such as polysaccharides while dissolving mono and oligosaccharides into
ethanol. Crude polysaccharide (CPS) was collected after centrifugation at 5000 rpm for 15 min and
vacuum drying the final precipitate at 40+5°C. CPS yield was determined by given equation (1) [20].

weight of crude polysaccharide

CPSyield = x 100 1)

pretrated sample weight

2.4. Calculations about Ultrasonic Processors

Applied power was controlled by setting amplitude ratio (%) of equipment. Power level was recorded
and it was validated by calorimetric method while measuring the temperature change of water inside
the insulated flask by using equation (2) [34]. It was observed that applied sonication power “P” (W)
was %80-90 of input power of the equipment that could be read on wattmeter. Further calculations
were based on this outcome.
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P = Com(Z)eo @
In equation (2), heat transfer capacity “Cp” and mass of water “m” are constants and their values are
4180 J/kgK and 100 g respectively. (dT/dt)t = 0 is the initial slope of temperature inside water “T”’
versus time “t” plot. Calculated power levels are comparable to equipment manual and it was
correlated with heat transfer calculations. For further calculations, it was thought that determining the
exact temperature inside the reactor was vital and effective temperature “T,ff” was determined by
integrating Tm by processing time for each processing condition at given process time. The purpose
was to see the temperature increase and average temperature during reaction.

2.5. Experimental Design, Validation and Data Analysis

In this study a three level three factor Box Behnken Design (BBD) consisting 17 experimental runs
with 5 replicates at centre point in Response Surface Methodology (RSM) was developed to optimize
UAE conditions. The design variables were ultrasonic power (X1), set temperature (X2), and time of
the extraction process (X3) with all other parameters kept constant. Considering the preliminary trials
and data in the literature, minimum and maximum values of independent variables were selected as
288-303 K, 10-30 minutes and 150-350 W by adjusting amplitude. Trials were randomized against the
risk of unexpected effects occurring in the responses. Independent variables and their coded levels
and actual values are shown in Table 1. All experiments were performed in triplicate, but mean values
were used for modeling. The data were analysed using analysis of variance (ANOVA) by Design
Expert software (Trial version 7.0.0; Stat-Ease, Inc. USA). The confidence level for statistical
significance was set at a probability value of 0.05. Best models representing the system within BBD
models were used for obtain maximum yield. Obtained results were also compared to the conventional
method.

Table 1. Coded actual values used in Box-Behnken Design.

Coded levels
Codded  \/ariaple Unit -1 0 1
X1 Power W 150 250 350
X2 Temperature K 288 318 303
X3 Time min. 10 20 30

Linear, squared and interaction terms were investigated for best fitted model by checking lack of fit,
R?, adjusted R? and prediction error sum of squares (PRESS). Important independent variables were
evaluated by analysis of variance (ANOVA) for each response. Equation validations were controlled
by model ANOVA statistics. Response surface plots of selected modes were generated by statistical
calculations of regression coefficients. Determined optimal values of the test variables were given as
un-coded units after determining coded units [25]. Optimum condition was validated by comparing
results of five experiments with predicted result obtained by generated model. For this purpose, t-test
was applied.

2.6. Characterization of extracts

2.6.1. Proximate analysis.

Moisture, ash, protein and total carbohydrate content of CPS were analysed. Moisture content was
determined by AOAC 930.15, ash content was determined by AOAC 942.05 [35]. Protein

130



Journal of Scientific Reports

Yilmaz, T., Journal of Scientific Reports-A, Number 45, 126-142, December 2020.

concentration was calculated from the nitrogen content (% Nitrogen x 6.25) to be obtained by element
analysis (Elemental Analyzer, Perkin-Elmer Model 240) [36]. Total sugar content (SC) was evaluated
by the phenol-sulphuric acid colorimetric method [33]. Briefly, 1.0 ml polysaccharide sample solution
was mixed with 1.0 ml 5% phenol and 5 ml 98% H2SO4. The absorbance at 490 nm was recorded
after standing for 15 min. The sugar content (SC) (%) was then calculated by equation (4) [37, 38].
Where; “C”, sugar concentration (mg/mL) calculated using calibration curve, “N”, dilution factor,
“V” is the amount of solution (mL) [39].

. CxNxVp
0 =
SC ( A]dry Welght) dried sample weight (CPS)

x 100 @)

2.6.2. Esterification degree analysis.

Esterification value was one of the most important properties of pectic extracts to identify industrial
application area [40]. In this study degree of esterification was determined by using modified method
developed by Acikgoz et al [41] and Bayar et al [17]. Briefly 0.1 g dried pectin dissolved in 1 mL
ethanol and then added to 20 mL deionized water by stirring for 2 h at 40°C. Solution was titrated with
0.1 M NaOH for neutralization and this volume was noted as “V1”. Then 10 mL 0.1 M HCI was
added to sample to disappear pink color. The solution was titrated again with 0.1 M NaOH and
volume was noted as “V2”. Degree of esterification was calculated by the equation (5) [17, 41].

V2
DE (%) = 5, * 100 ®)
3. RESULTS

Polysaccharides of OFI cladodes extracted in water after adjusting pH 2.8 by HCI as advised by
previous researchers to maximize yield of pectic polysaccharide [11]. Leflish et al found the best
condition by adjusting pH 2.26 [10] with mucilage polysaccharide content while, optimal pH was
determined as 1.5 after mucilage removal [17]. In this study UAE was applied to mucilage of OFI
cladodes and the effect of extraction conditions were evaluated on pH 2.8 adjusted water- OFI powder
suspension.

3.1. UAE extraction and RSM optimization

RSM is helpful method to evaluate statistical models such a complex process as extraction
phenomenon. Due to the adequacy tests, it was observed that quadratic model was the best model
representing the system among other models while showing lowest and insignificant lack of fit,
biggest Fisher’s value or lowest p-value, highest R? adj-R? and pred-R? and the lowest predicted
residual sum of squares “PRESS” value. ANOVA results (Table 2) of the selected quadratic model
showed that correlation value was low enough to be reliable for representing the response, pred-R?
and R? values were close to each other showing the good relation between experiments and
predictions.

Table 2. BBD ANOVA table for CPS.

Sumof F p-value
Source Squares Value Prob> F
Model 79,386 84,849 < 0.0001
X1-Power 33,171 319,077 <0.0001
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X2-Temperature 14,933 143,646 < 0.0001
X3-Time 17,405 167,424 < 0.0001
X1X2 4,818 46,346 0.0003
X1X3 1,664 16,007 0.0052
X2X3 0,240 2,310 0.1724
X172 0,040 0,383 0.5556
X272 0,386 3,712 0.0954
X372 6,582 63,310 <0.0001

Residual 0,728

Lack of Fit 0,519 3,321 0.1383

Pure Error 0,208

Cor Total 80,114

CV.% 2,153

PRESS 8,633

R-Squared 0,991

Adj R-Squared 0,979

Pred R-Squared 0,892

Adeq Precision 31,173

Linear effects of parameters were predominant factors on responses while interaction effects and
quadratic effect of time were still important (p<0.05). Finally, diagnostic analysis (Fig 2) carried on
controlling fitness quality of the model because CPS model was important for further modeling steps
in order to generate variable during mass transfer calculations. Diagnostic plots (Fig 2) showed that
residuals were in normal distribution (Fig 2a), predicted values versus predictions given at Table 3
were laying on 45° trend to each other (Fig 2b), and residuals were staying in reliable limits (Fig 2c-
d). Developed BBD quadratic model with codded values are given in equation (6).

CPS = 15.66 + 2.04X, + 1.37X, + 1.48X; — 1.10X, X, + 0.65X;X; — 1.25X2 (6)

Table 3. Predicted and observed values of CPS.

Run Predicted Observed
number X1 X2 X3 values values

1 -1 0 1 13.20 13.33+0.41
2 0 -1 1 14.52 14.75+0.86
3 0 0 15.66 15.67+0.33
4 0 1 -1 14.30 13.95+0.83
5 0 1 1 17.26 16.63+0.65
6 -1 1 16.09 15.92+0.56

132



Journal of Scientific Reports

Yilmaz, T., Journal of Scientific Reports-A, Number 45, 126-142, December 2020.

7 1 0 1 18.50 18.41+0.49
8 0 15.66 15.30+0.25
9 1 1 0 17.97 18.08+0.62
10 0 -1 -1 11.56 11.09+0.76
11 1 -1 0 17.43 17.18+0.43
12 -1 0 -1 11.54 11.89+0.17
13 0 0 0 15.66 15.80+0.30
14 -1 -1 0 11.15 10.63+0.71
15 0 0 0 15.66 15.90+0.35
16 0 0 0 15.66 15.62+0.20
17 1 0 -1 14.32 14.39+0.42
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Figure 1. CPS model diagnostic plots.

Polysaccharide yield is highly dependent on extraction condition. Conventionally water soluble pectin
rich CPS was extracted from plant tissue by using severe conditions under high temperature (80-90°C)
and long processing time (30 min-120 min) [11, 42-44]. Previous researches found the yield of
polysaccharide on fresh weight was 1.2% after 80°C for 30 min extraction [44]. In this study the yield
in fresh weight was 2.4%+0.46 due to conditions. On the other hand considering moisture content of
cladodes 91%=5 and comparing results in dry basis average yield was calculated 14.97%=0.32 and it
was still higher than conventional methods which was 12.01% [44], 10.24% [11]. Besides
conventional method microwave assisted extraction with several conditions found beneficial to
increase the yield up to 25% [32] which is higher than our findings. On the other hand, enzymatic
extraction is also promising green method to extract cladode polysaccharides providing 17.91% in
previous studies [19] which is lower than UAE yield at 350W, 318K and 30 min extraction providing
18.50% vyield (Table 3), however, these variation could be expressed by differences between plant
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material (maturity, species, harvesting), pre-treatment and separation technique of CPS and majorly
extraction conditions. As given on response plots (Fig 3) positive effect of set temperature on the yield
was important. That could be explained by easing cavitation, decrease in surface tension and solvent
viscosity, improved solute solubility and enhancing solvent penetration into the solid matrix by means
of increasing temperature. As a consequence, mass transfer rate increased and partial-hydrolyzation
occurred which breaks weak bonds which are holding polysaccharide intact into the plant cell matrix
[45-47]. Although temperature was important, the most affective factor was sonication power which
causes cavitation phenomena disturbing cell wall material to ensure leaching of extractable materials
[48]. Stronger sonication power caused sharpening in cavitation effect which was responsible for
micro streaming and micro jets [29].

For all experiments Tm and Two were recorded and it was observed that set temperature was not
reliable although jacket was applied to keep temperature constant during UAE treatment. However, all
parameters increase the ambient temperature regardless of how low the set temperature was. As
recorded during experiments at least 5 K increment was observed and the maximum temperature
increase was recorded as 11.8% after 30 min treatment at 288 K, 350 W treatment. Especially
temperature increase was more rapid for low temperature practices. This outcome was important to
make further modeling calculation in other temperature sensitive transfer variables such as heat and
mass transfer coefficient. On the other hand, in literature, it was investigated that sonication ensures
uniform and perfect heat distribution comparing to conventional techniques [30]. Prolonged treatment
had positive effect on the yield of extract and in previous studies it was found beneficial up to 25 min
but decrease was observed due to structural changes and decomposition of pectic polysaccharides with
longer extraction periods [52].
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Figure 2. Response plots of CPS yield under ultrasonic conditions.

Optimal conditions were determined to maximize the yield of CPS under given extraction parameters
and it was found as 345.5 W, 304.5 K and 28.5 min extraction and predicted yield was 18.58%.
Average yield of five experiments run under optimal condition was 18.48+0.35% which was not
different from predicted yield statistically (p>0.05).

3.2. Characterization of extracted CPS

Extracted CPS were highly fresh having 92+5% moisture content. Therefore, extracts were dried
before further characterization. Chemical composition of dried CPS obtained under optimal conditions
were 7.542.22% moisture content, 14.4+0.87 ash, 0.18+0.05 protein, 82.12+7.2% SC in glucose,
72.75+6.8% SC in galacturonic acid in dry basis. Chemical composition of CPS served similar results
as previous researches declared [44]. Protein content was low compared to previous studies which
were 0.32% [11, 17, 19], it can be explained by Sevag procedure application in current work to
remove protein. Variation on galacturonic acid content was strongly related to extraction condition
which had important role on pectin recovery. Ultrasonic extraction and microwave extraction
techniques applied previously resulted in 68.8% and 60.66% galacturonic acid and 80.02% and
85.31% total sugar content [19, 17].

Degree of esterification is important property for CPS to identify industrial application. It is known
that pectin serves diversified DE (%) due to nature of plant material. It is stated that the products
obtained in the techniques applied in polysaccharide extraction from OFI cladodes are mostly LM
(low methoxy) pectin [17, 42]. Measured degree of esterification of CPS found as 40.57+3.11% and
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this is compatible to previous studies and can be perceived as LM pectin. On the other hand this value
is higher than conventionally extracted polysaccharides which was calculated as 30.67% [53].

4. DISCUSSION

In this study, time, temperature and ultrasonic power were selected as optimisation variables.
However, it was observed that extract yield was highly affected by various factors as studied plant
matrix, application temperature, time, solvent, solid to liquid ratio, pH and process variables as power
etc... [51,52]. For ultrasound assisted and microwave extraction procedures of pectic polysaccharides,
applied conditions by previous researches were varying as 15-75°C, 10-60 min., pH 1.5-10, 1:5-1:40
(g/ml), 300-900 W microwave power or 50-400 W ultrasonic power while optimisation was applied
by RSM design considering three factors of extraction parameters [50-51]. pH was advised to adjust
to 2.8 in Bayar et al. [19], since water soluble polysaccharides as pectin in plant material was
extracted in acidic conditions as described by previous researchers as well [17,50,51]. It was found
that pectin yield was positively affected by increasing pH from 1.5 to 5.5 while considering other
parameters as constant [17]. On the other hand, highest pectin yield of plant extracts found between
pH 2-3 [52]. Therefore, pH was set to 2.8 in this study to evaluate selected sonication parameters
which was also important level to keep protein content low in the extract by keeping away the
isoelectric pH of plant protein as discussed in previous studies [11,17]. In water extraction of OFI
cladode pectin, solid to liquid ratio was selected as 1:15 g/ml [11,19], while mostly studied ratio was
between 1:10-1:30 [50,52]. 1:15 g/ml was found good enough to evaluate the effect of sonication
parameters successfully depending on preliminary studies because, dilute concentration requires more
chemical usage while high concentration makes extraction difficult to run due to complicating phase
separation. For the pectin extraction, solid to liquid ratio was found important factor to ease
dissolution of extractable material and formation of cavitation by lowering viscosity and resistant
forces for dilute solutions up to 1:30 g/ml [52].

In the present study, UAE was successfully applied to obtain polysaccharide from OFI cladodes by
using BBD. Polynomial model was developed to model ultrasonic conditions which were sonic
power, set temperature and processing time and optimal conditions in terms of yield maximization
were 345.5 W, 304.5 K and 28.5 min extraction respectively. Achieved yield was predicted as 18.58%
which was validated by experiments having the average yield 18.48+0.35%. General composition of
the extracts at the optimal condition was 7.5+2.22% moisture content, 14.4+0.87 ash, 0.18+0.05
protein, 82.12+7.2% SC in glucose, 72.75+6.8% SC in galacturonic acid in dry basis. In literature
Bayar et al studied UAE extraction of OFI cladodes at constant 330 W ultrasonic power and optimal
conditions were found as 343 K, 70 min. extraction at pH 1.5 and 1:30 g/ml having yield of 19.06%
having chemical composition as 92% dry matter, 16.88% mineral, 0.32% protein 80.02% total sugar,
68.87% uronic acids [17] which were found slightly different from current study due to extraction
condition and the nature of the raw material. In this study effect of sonication power was evaluated
differing from previous one by studying sonication phenomenon detailly by keeping parameters as pH
and solid to liquid ratio constant and the effect of varied sonication power were investigated in terms
of yield and temperature increase in the reaction vessel with sonication at various power-temperature
combinations. Consequently, it was found that higher sonication power increased the pectin yield but
also elevated power increased reactor temperature as well which should be considered for further
studies while deciding set temperature and duration.
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OF1 parts as fruit and cladode have several application areas for medical and food industry with their
unique composition. On the other hand, OFI is wild plant and freely available on arid and semi-arid
locations without any treatment and practices. Therefore, it is a cheap raw material. Although fruit
part is valuable and consumed worldwide, cladodes being high in pectin can be valorised with high
added value except for disposing as animal feed. OFI cladodes are mostly LM (low methoxy pectin)
pectin. However, research on the use of this product in the field of food needs more research. Degree
of esterification was found 40.57+3.11% proving that extracted polysaccharides was low-methoxy
(LM) pectin-based material which can be used a good alternative and cheap source for industrial LM
pectin.

Another outcome of the study was showing the temperature change while UAE procedure. Although
jacketed system was applied to validate constant temperature on the reactor wall, prolonged extraction
increased temperature inside the reactor dramatically and the average temperature in reactor media
during extraction risen up to 11% for 30 min extraction depending on set temperature and sonication
power. This could have additional effect on efficiency and should be considered for UAE designs for
better control and prediction.
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ABSTRACT

Keeping product temperatures homogeneous is an important problem in defrosted industrial coolers.
In this study, it is aimed to obtain findings that will shed light on researchers and producers by
analyzing the defrosting process of the industrial cooler. For these reasons, the system was designed
using R290 (propane), a new generation refrigerant with a single evaporator, double condenser and
double compressor, in order to ensure homogeneous cooling. By keeping the cooled products in the
range of — 1 °C and +5 °C as required by the standard, during the experiment, temperature-pressure
measurements of the refrigerated products and cooling system equipment were taken from certain
points every minute and test data were recorded. The average temperature and relative humidity
values measured minute of the environment where the experimental setup is located was calculated as
25°C +1°C and 60% =+ 0.02%, respectively. During the experiment, eight defrost operations were
performed, and it was observed that the average temperature values taken from the products during the
24 hours during defrosting changed to 3.07°C. During the experiment, the highest and lowest
temperatures of the cooled products were measured as 4.22°C and 2.02°C. Increased product
temperatures and cooling stopped during defrosting increased the power consumption in the system.
In order to observe the effect of the power consumption on system performance, COP values after
each defrost time were calculated as 2.31, 2.30, 2.29, 2.60, 3.36, 3.29, 3.30, 3.49, respectively. When
the defrost process of cooling system analyzed, it was seen that the products were successfully cooled
at desired temperature ranges in the scope of TS EN ISO 23953-2.

Keywords: Defrost, Industrial Cooling, Efficiency, Heat Pump
1. INTRODUCTION
Vapor compression refrigeration systems are frequently used in terms of both energy efficiency and

ease of application [1]. According to the source of the heat, there are vapor compression heat pump
systems originating from ground, air and water. Among these, air-source heat pumps (ASHPs) are
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widely used in industrial systems. In an environment with 25°C + 1°C temperature and 60% + 0.02%
relative humidity, the dew thermometer temperature of the air is 16.7°C. In this context, ice formation
on the surface of the evaporator with a temperature of -10°C is inevitable. When using an air-borne
evaporator with a surface temperature of -10°C in industrial refrigerators, icing is inevitable in the
evaporator. The humid and hot air affects the ice formation rate and the ice thickness formed [2].

Zhu et al. (2015) observed that the ice formation rate increased with the increase of the temperature
and relative humidity values of the environment whereas the relative humidity of the environment
rather than temperature had a greater effect on the ice formation rate. In addition, they separated frost
formation as light, medium and severe ice formation regions, respectively [3]. During the ice
formation phase on the evaporator surface, Guo et al. (2008) have shown that the relative humidity of
the ambient air develops at a constant rate of 10-15 minutes at an ice formation rate above 65%. They
stated that there was a decrease in the ice formation rate in the next 5 minutes and that it developed
very rapidly in the next time period [4].

The defrost layer, which increases over time in the evaporator wall, adversely affects the heat transfer
due to the high heat transfer resistance of the ice. The increase in the thickness of the defrost layer
causes Coefficient of Performance (COP) values of the ASHP unit to decrease and prevent the airflow
outside the evaporator, causing high-pressure losses on the airside. Wang et al. (2019) observed that
when the ice formation reached the severe ice formation zone, the defrosting time ranged from 20
minutes to 60 minutes in different temperature experiments and the air-side pressure drop varied
between 36% to 86% [5]. High pressure drops occurring on the airside will cause an increase in fan
power and will cause irregularities in the air circulation in the environment. Defrosting applied
towards cooling systems will increase the system performance with heat transfer.

One of the methods commonly used for defrosting is to perform defrosting by operating the system in
reverse with the 4-way valve to be used in the cooling system [6]. Although such an application seems
to eliminate the problem, the interruption of the cooling process, changes in the ambient temperature
during defrosting and the thermal loads released during defrosting cause a decrease in COP value in
the cooling system. Therefore, different applications are encountered in the literature that aims to
eliminate such effects occurring during defrosting. Byun et al. (2008) applied the defrost operation
with by passing hot gas at 0%, 20%, 30%, and 40%, respectively, and examined the effects of these
ratios on the system. The highest COP value was obtained when the hot gas by-pass rate was 20% [7].

In the cooling systems, there are also defrost applications performed by placing the external electrical
resistance directly on the serpantine or by placing on the fan blowing air to the serpantine [2,8]. Long
et al. (2014) carried out the defrosting process by making use of the waste heat of the compressor and
achieved a 1.4% increase in the COP value [9]. Liu et al. (2017) stated that the defrost operation to be
performed by storing the heat discharged from the condenser in the phase-changing material in the
home type refrigerators will create 71% less energy consumption compared to the electric defrost
application [10]. Ice melting in the evaporator where icing occurs, passing over other ice masses with
the effect of gravity, both prolongs the defrost time and reduces the performance of the cooler. For
this reason, proper removal of water dissolved during defrosting also increases cooling efficiency [11,
12].

In this study, analyzes were made that will shed light on the solution of the problems caused by the
application of defrosting of the vapor compression refrigeration system, which is becoming

144



Journal of Scientific Reports

Erten, et all., Journal of Scientific Reports-A, Number 45, 143-157, December 2020.

increasingly common in food storage and industrial cooling and heating applications. However, in
order to provide a homogeneous cooling in the system, a single evaporator, double condenser and
double compressor are used. At the same time, the cooling system is designed using R290 (propane),
which is one of the new generation refrigerants.

2. MATERIAL AND METHOD

In this study, it is aimed to investigate the defrosting process in the air source industrial cooling
system. Vapor compression industrial cooling system operating with vertical type open, positive,
R290 (Propane) refrigerant was designed, manufactured and tested by calculating the cooling load.
The cooling system has a single evaporator, double compressor and double condenser, as can be seen
in Figure 1la. Thus, it was desired to provide homogeneous cooling on the products. The tests were
carried out in the test room under Class-3 at 25 °C £1°C temperature and 60% =+ 0.02% relative
humidity (% RH). A visual of the experimental setup is shown in Figure 1b.

Evaporator
1] it
Capillary Capillary
tube tube
4 4
Condenser Condenser
3 3

Compressor Compressor
k# 4/

Figure 1a. Vapor compression refrigeration system.

Figure 1b. Experimental setup.
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In the defrost system, it is planned to direct the ambient air to the evaporator surface through the fans
for a period determined at certain time intervals, and defrosting is performed. In general, defrosting is
repeated 8 times a day for 15-25 minutes in this type of cooler. In this experimental study, defrost was
performed in the system every three hours. The experimental set-up and measurement points are
shown in Figure 2.

s=HAH1 .,

Figure 2. Cooling system and measuring points.

1-48 Test package temperature values 56 Compressor discharge line temperature value
49 Evaporator inlet temperature value 57 Compressor body temperature value
50 Evaporator output temperature value 58 Left side blowing air temperature value
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51 Condenser air inlet temperature value 59 Left side intake air temperature value

52 Condenser air outlet temperature value 60 Right side blowing air temperature value
53 Condenser gas inlet temperature value 61 Right side intake air temperature value
54 Condenser liquid output temperature value HP High pressure value

55 Compressor suction temperature value LP Low pressure value

The experiments were carried out in the test room with calibrated test devices within the scope of TS
EN 1SO 23953-2 standard. Cooling performance of the system, energy consumption amount
measurement, temperature measurements, pressure measurements and energy efficiency tests were
performed. While performing these tests, temperature measurements were taken every minute by
means of thermocouples from certain points of cooling systems equipment (compressor, condenser
and evaporator inlet-outlet temperature values). Information on measurement equipment used in
prototype production and tests is given in Table 1.

Table 1. Measurement devices and their technical features used in prototype production and tests.

Device Model Unit Measuring Range Accuracy
Thermocouple Omega, CL-23A °C -40/ +150 + % 0.02
Pressure transmitter ~ Eliwell, HP bar 0-30 +0.1
Pressure transmitter  Eliwell, LP bar 0,5-8 +0.01
Thermohygrometer Rotronic, M23W2HT- °C 0 / +50 + %15
1X / %RH 0-100 % + 0.03
E+E Electronic, EE66-
Anemometer VA3 m/s 0-2 + 0.01
EE660-V7
Vacuum pump Value, VP2200 Pa 0,04-0,8 +0.02
Digital scales Value, VES-100B g 0-100 + % 0,05
.. . -50 / +150 +0.1
Digital manifold Testo, 550 bar 1/ +60 +0.01
Current
. Ampere +9%0.2
Energy analyzer Janitza, UMG508 - -
Volt Voltage
+%0.1

Siemens, SITRANS FC

Flowmeter MASS 6000

kg/h  0-1000 +9%0.1

2.1. Defrost Process

Defrost is the name given in the cooling technique for the elimination or melting of the icing and
snowing formed by the water vapor condensing on the cool surfaces of the coolers (evaporator). Ice or
snow accumulating on the evaporator surface is undesirable and causes loss of efficiency while
making heat transfer difficult. At the same time, the amount of energy spent on defrosting to solve ice
or snowing in cooling systems reaches large sizes, as it is not effectively controlled. An additional
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cooling load is created by consuming energy for defrosting or by sending hot fluid from the outside to
the cold room.

Defrost methods that can be applied in solid-state cooling systems of water vapors condensed on the
cool surfaces (evaporator) of coolers; It can be classified as air (with fans), hot gas, electric resistance
(resistance), water. The aqueous method is not very common. In practice, defrost methods with hot air
fans, hot gas and electrical resistance are frequently used [2-12].

In industrial cooling systems, the heat is given to defrost during the defrosting process, the
interruption of the cooling process causes heat to be stored on the ambient air and products. As these
thermal loads are met, the compressor consumes more energy than it should be, increasing the energy
consumption of the cooling system and thus the energy costs. The following practical approaches can
be made in the selection of defrost methods.

Especially for positive cabinets with an ambient temperature above 0 °C, air defrost can be preferred.
In this method, when the compressor is stopped by the digital thermostat, the fans do not stop and
defrost is performed with ambient air.

Hot gas defrost method can be preferred in cabinets with an ambient temperature of -10 °C. However,
in this method, a liquid trap should be added to the compressor return line to prevent the liquid
refrigerant that will accumulate in the evaporator after defrosting.

In negative freezer cabinets with an ambient temperature of -18 °C, hot gas may not be sufficient for
defrosting and may become inefficient due to prolonged time. Therefore, in deep cooling applications,
electric resistance defrosting should be preferred [13].

2.2. Theoretical Analysis

The amount of energy to be stored in the ice accumulated on the evaporator coil of the industrial
cooler is calculated with the equation given below [14,15]:

Q=mje .L (1)
Evaporator capacity of the cooler can be calculated with the following equation:
Qe = 1M, . (hy — hy) )

The compressor power that will meet the cooling load in the industrial cooler and create the desired
pressure difference in the cooling system can be determined with the following equation:

I/i/c =m, . (hy — hy) (©)
Cooling coefficient of performance of the industrial refrigeration cycle [16,17]:

_ %
COP = = 4)

c
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Carnot coefficient of performance of the industrial refrigeration cycle can be calculated as below:

TL
Th-TL

COP.,y = ®)
The second law efficiency of the industrial cooling system can be found by the ratio of the coefficient
of performance of cooling the system to the carnot coefficient of performance at the same conditions
[18]:

cop
n= COPcqr (6)
Fan power to circulate the cool air blown through the evaporator [18]:
. V. Ap
W, = (7)
Ny

In calculating the total heat transfer coefficient in the evaporator, the Eq. (8) was created by taking
into account the thermal resistances formed by the cooling fluid passing through the evaporator, the
evaporator coil thickness, the ice increasing over time and the external air (Fig 3). Using this equation,
the total transfer coefficient (U) can be calculated from the interior wall of the evaporator until
ambient air is reached.

Figure 3. The icing on the evaporator and representation of the thermal resistance network.

ftis Dice (t)dt

D\ M| —FTopo—
1 B 1 N in (Ff) . t. icei . 1 (8)
U.A A.h, 2.mlk 2.7 1 Kice A hgr

The logarithmic temperature difference can be calculated with the following equation [15]:

ATl - ATZ

In (2—’%) ©)

ATy, =

The equation used in determining the amount of heat extracted from the air per unit time with the
evaporator is given below [15]:
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0, = U.A.[AT},] (10)
3. RESULTS AND DISCUSSIONS

In the experimental setup shown in Figure 2 within the scope of TS EN 1SO 23953-2 standard, the air
defrost process was observed and tested 8 times. During the experiment, average air temperature and
relative humidity values of the test room were measured as 25 °C+1°C and 60%+0.02%, respectively.
Despite this measured temperature and relative humidity, the dew thermometer temperature was found
to be 16.7 °C from the psychrometric diagram. This value indicated that the air with the measured
conditions could create dehumidification on the surface where the water in the air hit when it hit a
surface with a temperature of 16.7 °C or lower.

The variation of the evaporator inlet and outlet air temperature over time is shown in Figure 4. In the
system, the change in the instantaneous power consumption of the compressor until the first defrost
time is given in Figure 5, and the time-dependent change of the refrigerant's evaporator inlet
temperature is given in Figure 6. As seen in Figure 4, the evaporator surface was below the dew point
temperature with a temperature of 10.19°C from the beginning, so dehumidification started on the
surface. Despite the condensation of water, it is seen in Figure 7 that the formation of ice occurred
after the evaporator surface temperature dropped below the freezing temperature of the water as a
result of a 2-minute period in the experiment.

=== |nlet temperature of air to the evaporator

=t OUtlet temperature of the air from the evaporator

Temperature (°C)

Time (min)

Figure 4. The variation of evaporator inlet and outlet air temperature over time.

As can be seen in Figure 4, the air passing through the evaporator has been subjected to temperature
fluctuations caused by the start-stop of the compressor by controlling of the cooling system set
temperature value. The effect of increased thermal resistance caused by ice formation in the
experiment is understood by the increase in the temperature of the evaporator outlet air at the end of
each cooling period. However, since the increased ice thickness on the evaporator surface could

decrease the cross-sectional area where the air passed, it could increase the differential pressure in the
airflow.
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Figure 5. The change in the instantaneous power consumption of the compressor during the first
defrost period.

Increased temperatures of the products during defrost require more cooling power due to the increased
temperatures. For this reason, as seen in Figure 5, after the defrosting of the compressor, it peaked in
the power consumption at 185 minutes to meet the cooling load.
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Figure 6. Time-dependent change of refrigerant temperature entering the evaporator.

It is noteworthy that in Figure 6 and Figure 7, where the inlet and outlet temperature values of the
evaporator surface are given, the formation of ice on the evaporator surface increased rapidly as the
temperature drops to -6 °C within a period of 10 minutes after the first defrost operation. The heat
conduction coefficient of ice was low compared to the heat conduction coefficient of the material used
in the evaporator. For this reason, it is known that the formation of ice, which increases the thickness
of the surface over time, will be negatively affected by reducing the total heat transfer.
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Figure 7. Time dependent change of refrigerant outlet temperature from evaporator.

In the experiment, package temperatures of 48 products, which were located in different
compartments of the industrial cooler, were measured with thermocouples. As a result of these
measurements, the average temperature values of the products in the left, middle and right
compartments were calculated as 2.92°C, 2.74°C and 2.34°C, respectively. As can be seen in Figure 8,
it is observed that the temperature values of the products in different compartments in the industrial
cooler increased overtime during the defrosting process and then decreased again. This temperature
change was measured as an average 3.07 °C on products.
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Figure 8. Variations of the temperature values of the products placed in the industrial cooler over
time.

Increasing power consumption after defrost operations can be seen in Figure 9 whereas COP value

decreases as seen in Figure 10. When Figure 9 and Figure 10 are examined in more detail, it is seen
that the power consumption and COP values change with each defrosts operation compared to the
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previous defrost operation. The reason for this is thought to be the most appropriate defrost time not
being achieved in every defrost period.

1400
B 1st Average power to defrost
1200
B 2nd Average power to defrost
- 1000 ¥ 3rd Average power to defrost
%u 800 i 4th Average power to defrost
o
E 600 i 5th Average power to defrost
i 6th Average power to defrost
400
i 7th Average power to defrost
200 1. 8th Average power to defrost
0
Figure 9. Average power values calculated after each defrost.
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Figure 10. Variations of COP values calculated after each defrost time.

[
1

In Figure 9, when the power value of the cooling system is evaluated an increase in the average power
consumption is observed after the first defrost operations. This situation was caused by a 15-minutes
interruption of cooling with the defrosting process; however, unmet heat gains during defrosting could
be caused. It was observed that there was an increase in power value in the parts up to the fourth
defrost operation of the compressor while a decrease in power value was seen in the final defrost
operations. In the scope of TS EN ISO 23953-2standard, this, situation was caused that in the
experimental setup, the first 12 hours of lighting and night curtains remained open, and in the next 12
hours, the power value of the system decreased as a result of closing the night curtain and lighting.
Considering the changing values in the power value of the cooling system, as shown in Figure 10, the
coefficient of performance of the system was affected by this change.
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4. CONCLUSION

In this study, an industrial refrigerant using R-290 refrigerant and air defrost method has been
designed, manufactured and tested. It is aimed to obtain findings that will shed light on researchers
and manufacturers by analyzing the effect of defrosting on cooling performance and on refrigerated
products. As a result of the temperature measurements taken from 48 points on the experimental
setup, the average temperature values of the cooled products in the left, middle and right
compartments are 2.92 °C, 2.74 °C and 2.34 °C, respectively, and the average product temperature is
2.664 °C. From the test data, an average of 3.07 °C changes in the temperature of the products cooled
during the defrosting process was observed. Eight defrost operations were performed during the
system operation, and the COP values calculated before each defrost operation were found as 2.13,
2.31, 2.30, 2.29, 2.60, 3.36, 3.29, 3.30, 3.49, respectively. In the designed and tested system, the
products cooled in terms of the cooling technique of the defrosting process measured the highest
temperature of 4.22°C and the lowest 2.02°C in the products during the experiment, and the results
were found to comply with the TS EN 1SO 23953-2 standard M1 class. The suggestions given below
can be presented regarding the air defrost process.

Despite the changing ambient conditions in cooling systems, performing defrosting at the appropriate
defrost time will increase the COP value of the cooling system while reducing energy consumption.
Intelligent systems that can determine the defrost time according to the conditions of the defrost
application in the cooling system will increase the performance of the cooling system.

Energy efficiency can be achieved for defrosting by using the heat delivered in the condenser to the
environment with the usage of this heat during defrost. Evaporator design is important for the melting
of ice and the flow of air. With its vertical or horizontal positioning the design of the evaporator coil
can significantly affect the heat transfer, which will shorten the defrost time. In future studies, more
effective defrost methods can be developed instead of stopping the compressor during defrost.
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NOMENCLATURE

Acronyms

ASHP  Air source heat pump

cop Coefficient of Performance
Symbols

Q Energy required to melt ice (kJ)
Q Evaporator capacity (kW)

m Mass of melting ice (kg)

L Latent heat of melting (kJ/kg)

m Refrigerant mass flow rate (kg/s)
\Y power input (KW)
T temperature (°C)
n

\'%

efficiency
Volumetric flow rate of air (m%/s)
Ap Air side pressure drop across an evaporator (Pa)
RH Relative humidity (%)
HP Compressor discharge pressure (Pa)
LP Compressor suction pressure (Pa)
] Total heat transfer coefficient (W/m?.K)
h Heat transfer coefficient (W/m?.K)
l Serpantine length of evaporator condition (m)
t Defrosting time (s)
AT Temperature difference (°C)
A Area (m?)
h Enthalpy (kJ/kg)
k Heat conduction coefficient (W/m.K)
D Diameter (m)
R Thermal resistance (W/m.K)
Subscripts
a air
s surface
Im logarithmic mean
L low
H high
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4 evaporator refrigerant inlet

1 evaporator refrigerant outlet or compressor refrigerant inlet
2 compressor refrigerant outlet

0 outer

i inner

r refrigerant

ice ice formed in the evaporatorice o ice outer diameter
icei ice inner diameter

c compressor

e evaporator

f fan

car carnot
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ABSTRACT

This article presents an evaluation of the power-voltage (P-V) and I-V characteristics of PV cells after
exposure to artificial dust spraying. The dusted cells and other clean cells have been to the tested,
exposed to five different radiation ranges, and used a solar simulator. In the experiment, a solar
simulator analyzer was used to define the PVs' electrical performance, meantime a Sandblasting
Cabinet and Atomic Force Microscope were used to inspect the properties abrasive of the dust on the
cells. A significant reduction in both 1-V and P-V properties was observed when dust accumulation on
the surface of photovoltaic solar cells was compared to the same parameters of the clean cells. The
average Yield loss rate of solar cells exposed to dust spraying has decreased by 5-25% compared to
clean cells, considering the inclination angle of the cells.

Keywords: Photovoltaic cell; dust effect; solar energy; dust spraying; renewable energy.

1. INTRODUCTION

The solution to the world's energy deficit problem is in renewable energy sources, and it is an
undoubted fact that these resources are sustainable and clean, when besides being used correctly and
rationally. PV panels are now one of the most realistic, fast, and clean renewable energy sources
accepted by many countries. The reason for the rapid growth of solar panels in many countries is the
price reduction, ease of maintenance, and installation. Although Turkey is a developing country, with
insufficient energy resources, and excessive energy consuming it is a country that entirely dependent
on foreign energy sources. Based on Turkey’s geological location and economic conditions solar
energy has a significant market compared to other renewable energy sources. In 2017, 37% of
Turkey’s electricity production obtained from natural gas, 33% from coal, 20% from hydraulic
energy, 6% from wind, 2% from geothermal energy, and 2% from other sources. Turkey's energy
consumption and production are approximately equal to each other. In 2017, consumption was 294.9
billion kwh and electricity generation was 295.5 billion kWh. As of the end of June 2018, the total
installed capacity of the PV solar power plant is 4,726 MW. All sources except renewable energy
sources, including solar, biomass, and wind, for example, hydro (dam) and geothermal resources are
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completely in use. The last established power cycle plants are natural gas conversion plants, fed by
Iran and Russia. The country almost pays 40% of its total exports for energy. Therefore, this situation
makes it dependent on the neighbors. Currently, the government in power is trying to increase the
diversity of energy and increase the rate of clean and renewable energy [1].for this reason, besides the
construction of two numbers 4800 MWe nuclear power plants, it also aims to increase the use of wind
and PV potential.

In recent years, very detailed and sensitive researches on the effect on PV modules have been
conducted on dust accumulation [2-4]. Gholami et al. [5] examined the factors that constituted the
accumulation of dust and the decrease in power loss in PV panel applications. Gholami et al. [6] have
shown that the accumulation of dust on the panel in an arid environment for 70 days was 6,0986 g/m?
and this deposition caused a power reduction of 21.47% in Tehran, Iran. The factors affecting the
accumulation of dust were investigated to research the PV performance effect of dust accumulation.
Fountoukis et al. [7] have shown that decreasing the atmospheric pollution value, for example,
decreasing the density of the particulate matter, decreased the PV energy losses in Doha, Qatar for a
year, Saidan et al. [8] have investigated the loss of efficiency due to dust accumulation on PVs, daily,
weekly and monthly in Baghdad, Iraq. Dust accumulation resulted in a decrease in the yield of PV at
6.24%, 11.8%, and 18.74%. Al Shehri et al. [9] have investigated the effect of dust accumulation on
solar panels in an environment where dust and sandstorms are common in a dry climate where solar
radiation is highest. They have shown that cleaning with using nylon brushes, as a different cleaning
method is not effective when compared to water and fine cleaning. They showed that the nylon
brushes did not provide adequate cleaning. Mehmood et al. [10] have shown that the accumulation of
dust and mud in a damp environment negatively affects the optical, tissue, and mechanical properties
of PVs. Researchers showed the morphological and elemental analysis of total dust and examined the
micro-level adhesion forces between protective transparent substrates and dust particles. Jiang et al.
[4] have created considering the wind cleaning process, building a more accurate model to estimate
energy output for PV modules due to accumulated dust. Lu and Zhao, [11] have conducted a
numerical study to investigate the dust accumulation on a PV system and its effect. They carried out
their work using experimental and fluid dynamics simulation. Menoufi et al. [12] have studied the
electrical performance of PV panels exposed to artificial dust in Nile, Egypt. Ahmed and Mohammed,
[13] have investigated the thermal and electrical performance of the dust on a hybrid solar collector.
They investigated the effects of the dust particles of different sizes, the amounts of different released
dust particles, and the effects of gravitational force based on the dust accumulation rate on PV panels.
Fountoukis et al. [14] have investigated both the modeling and experimental study of dust
accumulation of the loss of energy efficiency in PV panels in a dry climate. Lay-Ekuakille et al. [15]
have studied the possibility of modeling and experimental efficiency by using the relevant parameters
which allow the deposition of dust and pollutant on the PV panels. Mejia et al. [16] have investigated
the efficiency losses between concentrated solar power and flat PV due to dust accumulation. They
showed that CPV caused losses greater than flat PV due to contamination. They calculated that this
loss was 71%. Tanesab et al. [17] have investigated the seasonal effects of dust on the performance of
PV panels in two different climate zones, Perth, Western Australia, and tropical climate zone Teygana
Timur (NTT) Indonesia. Wang et al. [18] have shown that dust accumulation in PV modules is
dependent on environmental and weather conditions, resulting in a decrease in energy production over
time.

As mentioned above, many types of researchers describe how the dust factor that accumulated on the
photovoltaic panels affects the yield. In this study, it was investigated how the dust particles in high
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wind velocities adhered to the cells, and the damage on the cell surface affected the P-V and I-V
values in PV cells. The cells were tested at different tilt angles and measurements were made. For the
homogeneous and balanced distribution of dust particles in the cells used in the experiments, a
sandblasting device was used in particular. As a result of the experiments, it was found that the sand
particles caused a significant decrease in the efficiency at high tilt angle values with the impact effect.
A special device used for cleaning metal parts was used to ensure homogenous sandblasting in PV
cells during operation. The device used for this purpose is the SK-1400 product of SAYKAR
company, (www. saykar.net). The cells placed in the device were kept at 20°,30°40°,50°,60°,70°,80°
and 90° tilt angles and were sprayed fine glass sand for two minutes. The material used in the air
pressurized sandblasting systems is grade C, 310-400-micron glass grit particles. Photographs of the
sandblasting Cabinet (SK-1400) are given in Figure 1.

Figure 1.Sandblasting Cabinets (SK 1000) Saykar.net.
2. EXPERIMENTAL PROCEDURE

There are four methods commonly used to clean the surface of the solar panel: natural, mechanical,
electromechanical, and electrostatic. Further research and ideas are needed to reduce the negative
impact of dust accumulation on PVs. In this study, the reason for using the sandblasting device to
measure dust accumulation and its effect is that wood resins frequently encountered in this region of
Turkey are adhered to the panels as a result of encountering dust and insects and carried away by the
wind. It is a very demanding and long process to remove them. Dust last long in panels. The most
precise and optimum form of calculating the abrasive effect of the dust sprayed on photovoltaic cells
is to design an experiment in which the dust particles adhered regularly. Then the process performed,
the power output of the cells (directly exposed to the glass sand spray) was measured. The power
output was then compared with similar clean (dust-free) cells for comparison. The photographing of
the cells after sand spraying was done by Atomic Force Microscopy. The photographs are given in
Figure 2.
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Figure 2 Atomic Force Microscope XE-100E (Park System).

To perform measurements under outdoor actual test conditions, a solar analyzer “Model 4200-SCS” is
used. The model of the device manufactured and marketed by Keithley Company is 4200-SCS. A
photograph of the solar analyzer is given in Figure 3. Detailed information about the solar simulator is
given in ref. [19], (www.keithley.com) is used which allows to trail the P-V and I-V curves and let the

main parameters of the PV cell: Short circuit current ( ISC), Fill Factor ( FF ), Maximum power

(P.ax ), Open circuit voltage (V. ), and |, V., respectively.

The basic equations used in this experimental study are as follows [20]:

q(V+IRS)
I=1, -1, exp(T -1 @

V.. :(ak—len[li] O]
g lo

Based on the I-V curve constituted by Egs. (1) and (2), Pm
filling factor ( FF ) can be calculated using the following equations 3 and 4 [20].

o Voo and | were composed and then

Pmax =Voc IscFF @)
1V

FF — —max max 4

Ichoc “

Studies were performed five different solar radiations which are 200-400-600-800-1000 W/m?.
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Figure 3 Solar simulator and experiment of PV cell.

2.1. Properties of Dust Used in Spraying

Glass sand is also known as glass grit or glass powder in the market. It is more suitable to be
used at air pressurized sandblasting systems. Glass Sand, which is used in applications, is
made of 100% consumer post, recycled bottle glass. Glass Sand has very low particles,
giving a whiter, cleaner result in the applications using. The cornered particles in the crushed
glass allow a thrusting surface profile to be formed and to remove coatings such as paint,
alkyds, epoxy, polyurea vinyl, elastomers, and coal tar. Table 1 shows the physical and
chemical properties of the glass sand. The photograph of the glass sand is given in Figure 4.

Table 1 Glass sand Physical and chemical characteristics.

GLASS SAND PHYSICAL
CHARACTERISTICS

Glass Sand - Specific Gravity 2,45 g/cm3
Glass Sand - Average Bulk Density 1,50 g/cm3
Glass Sand's Hardness 47 HRC

Glass Sand's Durability Low

Glass Sand's Free Flow Feature 97 % minimum
Glass Sand's Moisture Absorption High

Glass Sand's Radioactivity Characteristic No

Glass Sand's Magnetic Characteristic No

GLASS SAND
CHARACTERISTICS

CHEMICAL

Glass Sand does not enter a reaction with

SiO2 >% 65
oxygen.
Al203: % 0,5-2 Glass Sand does not contain free silica.
CaO : %8-11 Glass Sand has inert structure.
MgO : % 3-5 Glass sand does not cause corrosion.
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Fe203<% 0,2 Glass Sand is not flammable.
K20 < %15 Glass Sand does not contain cancerogenic
substances.

Na20 : %13-15

GLASS SAND ABRASIVE GRADES

Grade C 310-400 micron glass grit particles

Figure 4 The view of glass sand.

3. RESULT AND DISCUSSION

Due to increasing oil prices and the high exchange rate, Turkey's energy production costs are
constantly increasing. In January and December of 2018, the Turkish lira depreciated by about 58%
against the US dollar. In recent days, electricity and natural gas usage prices have increased by about
50%. However, due to the rational use of renewable energy sources, a steady downward trend is
observed in energy costs in many countries. The emergence of new firms and technologies in the
production of PV panels and the increase in efficiency led to a decrease in costs and thus a significant
increase in its use. The success of many countries in panel production has also made it easier to reach
them. The same success was not achieved in the production of wind turbines. Because the production
of wind turbines requires higher technology, which limits its use and production. The use of PVs
which has a very high demand in our country, due to the increasing exchange rate and inflation since
2018, investments in this field have completely stopped except for previous investments. However,
there is a rapid return to clean energy in the world, especially renewable energy.

As previously described, the power output of the cells varies depending on both the current and the
voltage. The curves of the change and abrasive effect of sand spraying on PV cells, Figs. 5 and 6 are
given. The abrasive effect of the dust on the cells was investigated in two separate sections (P-V and
1-V).

3.1. Effect of Abrasive Effect of Dust on the Power output of PV Cell

As mentioned before, experiments were conducted using five different solar irradiance values; 200,
400, 600, 800, and 1000 W/m% Many researchers have shown that the accumulation of dust on PV
panels is one of the most important reasons for the decrease in the power output that can be achieved.
Power losses in PV cells were examined in two parts. Firstly, individual cells were measured, and then
the cells having different properties were subjected to glass sand spraying in the sandblasting
chamber. At low radiation intensities (200, 400 and 600 W/m?) the power drop is very low, and the
power drop at 800 and 1000 W/m? radiation values increases. This decrease is between 10-20%. The
ratio of power output drop on cells 80°,70° and 60° is carried out at a low rate. The reason for this is
that as the angle of inclination becomes smaller, a portion of the sprayed glass sand cannot hold on to

163



Journal of Scientific Reports

Benli, et all., Journal of Scientific Reports-A, Number 45, 158-177, December 2020.

the cell. Consequently, it is a decrease in the amount of dust falling to a lower area. It should be

remembered that each cell used before the experiments has different characteristics. The power output
tilt angle of 40° and 50° is quite high, this loss which is between 10-20 percent.

As the tilt angle value increases, the power output is low except for a 90° angle of inclination. The
power output value increases after 50 ° of the tilt angle because the accumulation of dust is more
likely to accumulate in the lower part of the cells, and the cells do not have any contact with the sand
sprayed in any amount. This is something to be expected. In each cell subjected to sand blasting, the

spray gun is held upright. At low inclination angles, the amount of sand contacting the cell decreases.
The power drop at the tilt angle of 20° was very low.

The reason for the further drop in this angle range is since sand spraying is concentrated in a restricted

area. Briefly, the P-V curves vary considerably between before and after each cell. The P-V exchange
curves were given before and after the experiment in Figure 5.
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Figure 5 Change of P-V curves of dust spraying.
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Figure 6. Change of 1-V curves of dust spraying.

3.2. Effect of Abrasive Effect of Dust on I-V Characteristic of PV Cell

When the I-V curves are taken into consideration, the highest loss occurs similarly to the P-V curves.
At low radiation intensities (200, 400 and 600 W/m?), the reduction in 1-V curves is very low, this
change is between 0-10%, and this change is increased at 800 and 1000 W/m? radiation values, this
change occurs 10-20 %. At the 80° and 70° tilt angles, a small reduction in I-V curves was observed in
the low radiation values after sand blasting (200,400,600 W/ m?). The 1-V curves show a decrease in
the radiation values of 800 to 1000 W/m? and this change varies between 5-15%. In the same way, the
decreases in the 60° and 50° tilt angles in the I-V curves and the high radiation values (800 and 1000
W/m?) are in the 5-15% range. The decrease in low irradiation values is very limited. The I-V
exchange curves were given before and after the experiment in Figure 6. Two photographs of every
one cell photographed by electron microscopy are given in Figure 7.

171



Journal of Scientific Reports

Benli, et all., Journal of Scientific Reports-A, Number 45, 158-177, December 2020.

172



Journal of Scientific Reports

Benli, et all., Journal of Scientific Reports-A, Number 45, 158-177, December 2020.

173



Journal of Scientific Reports

Benli, et all., Journal of Scientific Reports-A, Number 45, 158-177, December 2020.

a (20% ; ) b (20

Figure 7 The views of the cells after the dust spraying in different tilt angles.

4. CONCLUSIONS

The use of solar energy, known as the cleanest energy source in the world, contributes to the reduction
of greenhouse gas emissions while at the same time meeting a significant part of the world's energy
needs. The emergence of new, cheaper and more efficient products with PV panel technology is
considered to be the most useful source for countries that have energy deficit problems. The frequent
use of PV Panel technologies has brought many problems such as use, cleaning, maintenance,
operation, and pollution. At present, the biggest problem experienced by many enterprises is the loss
of power and efficiency due to pollution. Most of the recent studies are related to the identification
and elimination of the factors causing these losses.

In this study on different tilt angles, the effect of dust spraying on the transmittance of PV cells have
been investigated. Dust particles were uniform and in the same form, all of them being special sand
with a spherical shape. In this study, the effects of dust spraying on the cells at different tilt angles
were photographed by electron microscopy. It was also evident from the photographs and the results
that the effect of the sprayed dust on the surface of the cells increased as the angle of inclination
increased, and I-V and P-V curves decreased as a result.

These dust deposits indicate a deterioration of the panel surfaces and consequently prevent a certain
part of the incoming solar radiation. In this study, the sands used was the same properties and the cells
were subjected to real sand spraying at the determined angle values.

. At low radiation intensities (200, 400 and 600 W/m?) the power drop is very low, and the
power drop at 800 and 1000 W/m? radiation values increases. This decrease is between 10-20%.

. At low radiation intensities (200, 400, and 600 W /m?), the reduction in 1-V curves is very
low, this change is between 0-10%, and this change is increased at 800 and 1000 W/m? radiation
values, this change occurs 10-20 %.

. The average degradation rate of efficiency of the solar cells exposed to the dust spraying is 5-
25 % compared to exposure periods of the clean cells.

As a result, the increased inclination angle decreased the accumulation of dust and the experiments in
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this study show that the increased inclination angle increases the damage on the PV cell. All of them
are permanent on the cell, which also reduces solar permeability.
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a ideality factor
FF  fill factor

G solar intensity (W/m?)
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I current (A)

Boltzmann’s constant (1.381 x 102 J/K)
power (W)

electron charge (1.602 x 10 *° C)
resistance ()

temperature (K)

series voltage (V)

Greek letters

n efficiency (%)

<dxmeowuwx

Subscripts

amb ambient

en energy

pv photovoltaic
S series

SC short circuit
sun Sun’s surface
0 saturation
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ABSTRACT

Mobile cellular network operators make network parameter measurements called 'driving test' at
regular intervals to understand the service quality and plan the network capacity. In order to reduce
the man power and the cost required for the driving test, these measurements can be obtained with a
mobile application which runs on the user equipment. Moreover, end user measurements of the
cellular network parameters can be used to improve network performance in many ways, such as
troubleshooting problems in network or determining the number and capacity of base stations.

In this paper, existing smartphone applications for network parameter measurement in the literature
has been investigated and a new Andoid based application CoverME (Coverage of My Environment)
has been developed. CoverME provides all the measurements performed by existing applications and
supports four more additional measurements. The developed application makes the measurement
accuracy to be analyzed with the help of the return time (RTT-round trip time) parameter and monitor
the battery level. In addition, it limits the energy consumption as it is designed to operate in a semi-
autonomous. CoverME keeps a record that contains key performance parameters of LTE
communication systems; RSRP, RSRQ, RSSI, CQI values. These values matched with cell 1D,
download speed, latency and current location for the consistency of the application. As a case study,
the measurements were made on a route determined in Isparta province with the developed
application. Utilizing obtained measurements, the relationship of these values with each other and the
relationship with the download speed were examined.

Keywords: LTE, Android, Measurement Application, RSRP, RSRQ, RSSI, CQI, Download Speed
1. INTRODUCTION

Today, it is possible to find smartphone applications developed for all activities of daily life such as
health, sports, eating and drinking. As these applications and their diversity are rising, the network
requirements of mobile users are increasing and varying day by day. The increase in mobile user’s
demand for data usage has accelerated the service providers' efforts to provide more capacity and
improve the network according to current requirements. LTE ( Long Term Evolution) is the most
current communication technology offering mobile users high data download speed and high network
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capacity [1]. In order to find out the quality of the service provided to the users in LTE, physcical
measurements are made regularly in the field. With regular monitoring, the user expectation and the
quality of service experienced by users can be understood.

The signal values experienced by the end user in communication are necessary to understand the
performance of the network and to evaluate the quality of service offered by the operator. Operators
use a method called ‘drive test’ to obtain these values. The drive test involves downloading and
uploading data with user equipment or measuring various signal values while a vehicle is travelling on
a previously determined route. The measurement results obtained by driving tests are used to
determine the coverage area, the capacity of the system, and the quality of service. Through the
analysis of the data obtained, operators maintain and improve the quality and performance of the
network. However, this test is costly because it requires manpower and cannot fully reflect the real
user experience. The desired network parameters can be obtained with a measurement application
instead of the driving test [2]. With such a measurement application, operators can reduce the work
force and cost required for driving testing. Service providers can obtain data that better reflects the
user experience rather than a driving test by offering their customers a number of rewards or discounts
in exchange for using this app and sharing the data with the operator.

3GPP (3rd Generation Partnership Project) has defined a standard called Minimization of Drive Tests
(MDT) to reduce the workload and expenditure required for driving testing and to achieve the true
values experienced by users [3]. MDT uses the operating, management, and maintenance system to
collect radio measurements from user hardware along with their location. This system allows
recording messaging signals between user equipment and base station [3].

Obtaining information about network parameters on the user side can be usefull for users as well as
the operators. For example, the mobile user can choose the service provider that is best for their usage
habits based on the measurements they perform with the application. For example, high data
download and upload speed might be more important selection criteria for a company that shares
visual contents with its customers over a mobile network, but for a frequent traveler coverage in rural
areas becomes the key selection criteria rather than the data speed.
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Figure 1. Required components for the measurements.

The most used operating system at smartphones is Android [4]. Android's open-source structure and
configurability have made it popular for the application developers. In this study, Android software
was used to develop a measurement application due to its widespread use and open source.

When the applications developed for this purpose are examined in the literature, it was seen that the
highest number of parameter measurements belong to the Advanced signal status [2] application. In
this study, a new application was developed that contains all of the parameters measured by Advanced
signal status application, in addition to measuring four different parameters. In the literature, RTT
measurement is used to confirm the consistency of the values obtained by the measurement
application [5]. It is ensured that the consistency of the measured values in the application is tested
with RTT measurement. This application can also measure battery level, network type and data
download speed.

As a case study for the developed application, a route was determined in the province of Isparta and
the desired data was collected with an Android-based smartphone while travelling at a constant speed
in a vehicle. The selected parameters were measured and saved in the SQLite database, and the
measurement data was then transferred to the computer and analyzed. Figure 1 shows the main
components of the measurements. .

2. EXISTING PHYSICAL MEASUREMENT APPLICATIONS
Mobile networks have become dominant in internet access. Therefore, measuring the end user's
network performance has gained interest from developers, users, and network operators. There are

many applications in the literature that perform these performance measurements. The parameters and
objectives of these applications are briefly explained. The parameters measured by the applications in
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the literature are shown in Table 1. A detailed literature review of current practices can be found in

[6].

Table 1. Measurement applications and the parameters they measure.

Cell RTT or | Download | Upload | Network Batter
RSRP|RSRQ|RSSI|RSSNR| CQI Location Handowver PING | Speed S?Jeed Type Levely
Netmap X X
NetworkCowerage| X X X X
Netradar X X X
Ad‘@';ctzctjuss'g”a' X | x | x| x | x| x X
Mobilyzer X X X
MobiPerf X X X X
OpenSignal X X X X
MopEye X
Napplytics X X X
NetMap X X X X
CowerME X X X X X X X X X X X

Netmap is a community-sourced android application used to measure network key performance
indicators such as received power, latency, and data rate. Measurements are made in four different
scenarios, including inside, in the city and on the highway. Netmap measures data rate, network
connection status, RTT and received power [7].

NetworkCoverage was developed with a focus on multi-source data collection. The measurements
are collected on the central server after being performed in different regions on smart devices. The
collected data is made available by mobile devices to estimate network performance in certain
regions. Thanks to the data, it is possible to improve mobile energy consumption and service quality.
They are concerned with the signal strength of the cellular network, RTT and available output
parameters in the given region. NetworkCoverage is used to visualize the quality of the cellular
network. Signal strength measurements are performed automatically, without user interaction. RTT
measurements are usually done manually [8]. However, this application only measures RSRP from
LTE signal parameters.

Netradar consists of a client specifically designed for smartphones and tablets and a number of
servers that will serve those clients. Clients perform measurements about the network infrastructure.
This system, which collects measurements from users around the world, is called Netradar [9].
Netradar measures download speed, upload speed, RTT and signal strength [10].

Advanced Signal Status shows the possibilities of optimizing measurement operations using widely
available Android devices. The application measures RSRP, RSSI, SNR, CQI, RSRQ, SINR, Cell
Handover  parameters using  Android's  celllocation,  NeighboringCellinfo,  Cellinfo,
PhoneStateL istener, ServiceState, SignalStrength, TelephonyManager libraries [2].

181



Journal of Scientific Reports

Varol, A. and Kartal Cetin, B., Journal of Scientific Reports-A, Number 45, 178-200, December 2020.

Mobilyzer is a platform created for conducting mobile network measurement experiments. Mobilyzer
is designed around three main parameters: the isolation of network measurement, the realization of
measurements, and the platform can be deployed as a library and easily adaptable by other
applications [11]. Mobilyzer is a library used by measurement applications rather than a measurement
application. It can be integrated into measurement applications using Mobilyzer's API. It can be used
for TCP data rate, RTT and ping measurements.

MobiPerf is an open source application for measuring network performance on mobile platforms.
MobiPerf measures at regular intervals in the background. MobiPerf is one of the applications that
uses the Mobilyzer library. The application works on Android and iOS devices for 2-3 minutes to
obtain basic network information, network performance information. As a mobile network
measurement system MobiPerf, contains two major components: one is the user application running
on mobile devices and the other is the Linux server under their control. Measurement parameters:
network characteristics, carrier name, network type, Cell ID, signal strength, Local IP address, GPS,
downlink and uplink tests [12].

OpenSignal is a measurement platform that performs an accurate and current measurement of the user
experience using the crowdsource measurement technique. The app collects and reads crowdsource
signal information. LTE signal parameters measured by the application are RSRP, RSRQ and RSSNR
[13].

Mopeye is a passive-active permanent monitoring application, as opposed to active measuring
applications. This method does not generate separate network traffic to the devices. MopEye stops all
network traffic and makes the measurement then transfers the collected information. Thus, MopEye
can accurately measure RTT (round trip time) without the need for additional network traffic.
MopEye monitors network traffic initiated by other apps available on the phone using a VPN service.
App measures RTT between the application where the network traffic is created and the server [14].

Napplytics is designed as an Android library, with the goal of being a measurement network tool that
can be easily incorporated into any Android application. This library selects the most appropriate
application protocol, depending on the network conditions experienced by the user. For example, for
LTE technology, the network parameters used are selected as RSRP, RSSI and download speed [15].

NetMap is designed to capture specific parameters that affect network performance and user
experience at the application layer. The app collects information for 2G, 3G and 4G, while recording
user position with GPS. Netmap measures data rate, network connection status, RTT, and received
power [16].

3. MEASUREMENT PARAMETERS FOR LTE CELLULAR NETWORK

In the design of the measurement application, it is necessary to determine the parameters that best
represent the performance of LTE communication systems. The four basic radio resource management
(RRM) metrics in LTE are CQI, RSRP, RSRQ, and RSSI. The channel quality measurement
represented by the SINR measurement is used in link adaptation and packet planning. RSRP and
RSRQ are used in handover (switching between networks using different radio technology) decision
making [17].
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In smartphones, the factors affecting the performance perceived by users are listed as: TCP data rate,
RTT, retransmission rate, TCP handshake time, Ping [18]. Signal quality and strength, network
operator factors are required to determine channel capacity. None of the LTE-specific signal
parameters sufficient enough to determine the download speed without other parameters. Only when
all parameters used together, by gathering, they can explain some of the variability in the model.
Understanding the factors that determine download speed is valuable for both users and operators.
With these factors, users wish for the best performance services and devices that are practically
possible. And the network operators can understand how to increase and improve their infrastructure.

It is not easy to achieve signal strength criteria in LTE connections. In 2G and 3G technologies, there
was the metric called the Received Signal Strength Indicator (RSSI), which specifies the received
signal strength, which is always precise and easy. The RSSI metric was useful in the case that
frequencies were not reused in multiple cells. In a single cell, the signal strength could be described
directly with a single frequency. Due to the increasing number of users, it was necessary to use the
same frequencies again at regular intervals. With the advancement of digital modulation technologies,
network operators were able to develop increasingly complex and overlapping cell topologies. Since
reuse of the same frequencies led to interference between neighboring cells, it became difficult to
obtain information about network performance by using the RSSI metric alone. Instead of the RSSI
value used in 2G and 3G, three LTE-specific signal criteria that can be measured on Android-based
devices are RSRP, RSRQ and RSSNR parameters [13]. Key performance parameters for a cellular
network introduced below.

3.1. Key Performance Parameters

The most important metric on the user side for evaluating the service quality of a network is the data
rate and latency. In addition, key performance parameters that must be monitored by operators in
order to use network resources efficiently and ensure service quality can be listed as RSRP, RSRQ,
RSSNR, RSSI, CQI, SINR, and RTT.

RSRP

Reference Signal Received Power (RSRP), is a cell-specific signal strength-dependent metric used as
an input for cell selection and handover decisions. RSRP for a given cell is defined as the average
power (Watt) of the source elements carrying cell-specific reference signals within the bandwidth
[17]. The RSRP value range is from -140 to -44 dBm.

RSRQ

Reference Signal Received Quality (RSRQ) measurement is a cell-specific signal quality metric.
Similar to RSRP measurement, this metric is used to sort between different cells based on their signal
quality. This metric can be used as input in scenarios where RSRP measurements are not sufficient to
make reliable cell selection / handover decisions [17].

RSSNR

Reference Signal Signal to Noise Ratio (RSSNR), is a measure of the signal-to-noise ratio of the
reference signal and therefore provides an indication of the quality of the link. This metric can be used
to assess the interference effect, and therefore in urban areas RSRP may be high [13].
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RSSI

Reference Signal Strength Indicator (RSSI), is the total power received by the source element in dBm.
Although not critical for LTE, its measurement is important to understand its relationship with other
parameters. RSSI is a combination of signals from all sources, including power from the serving cell,
the non-serving cell, the common channel, and the adjacent channel interference [19].

CcQl

Channel Quality Indicator, carries information about how good or bad the communication channel
quality is. There are 15 different CQI values in LTE and it maps between CQI and modulation
scheme. For example, the CQI's 10 value corresponds to the 64QAM modulation scheme [20].

RTT

Round-Trip Time (RTT), is the time it takes for a signal packet to reach and return to a specified
target from the source. The measurement of this parameter is done to ensure the consistency of the
application.

The importance of these parameters varies according to the requirements of the application. For
example, broadcasting video requires high data rate and low packet loss hence RTT has less impact on
quality. In contrast, audio connections require low RTT, but low data rate and high packet loss are
acceptable [21].

3.2. Other Measured Parameters

Network Type

This parameter is used to determine if the base station is exchanged horizontally or vertically between
two networks using different radio technology or within the same network. When the cell location
changes while in the same network type, it is concluded that this handover is horizontal, if the network
type and the cell location change, this handover is vertical.

Location
Required for the location where the signal values will be recorded. In this way, the coverage map can
be created.

Cell Location and Cell ID
Returns the identity of the cell the user is in. Required to capture the handover event.

Battery Level
Battery level monitoring is necessary to determine the effect of the battery on the measurements. It is
also used to determine the energy consumption of the application .

The received signal level (RSL) from each cell in the network is one of the basic RF measurements. In
LTE networks, this measurement is provided from the reference sequence and is called RSRP. The
reference signal is transmitted at constant power. Signal strength measurements determine the
received cell strength and cell coverage. For this reason, RSRP is used to identify holes in the
coverage area. In addition, RSRP measurement is essential in troubleshooting and establishing
correlation with other key performance indicators (data rate and latency). This measurement
determines the allocated modulation scheme and encoding rate. To measure received power,
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professional tools including receivers and channel carriers are used. Alternatively, RSRP can be
measured using the app on an ordinary smartphone [22].

In addition to these parameters, the application measures the parameters EVDO (Evolution Data
Optimized) RSSI, EC/10 (the Ratio of the Received Energy to the Interference Energy), SNR (Signal-
to-Noise Ratio), CDMA (Code Division Multiple Access) RSSI, EC/IO which are 3G technology, and
GSM RSSI, BER which are 2G technology. The purpose of these measurements is to capture signal
parameters when a collapse occurs in the network .

4. MEASUREMENT CONSISTENCY

As smartphone used for the measureument, the results have been exposed to many factors, therefore,
these measurements may not be the values that users expected. In order to be able to rely on the
measurement results of the application, first of all the factors affecting these measurements should be
known and their effects should be minimized. For this purpose, the factors affecting the measurement
results were examined in this section.

One of the factors affecting the measurement results is the delay. To see the effect of the delay , the
RTT measurement is performed and the consistency of the measurement is tested by using the
obtained RTT results. RTT measurement are defined based on RFC 2681 [23] and contains a time
stamp immediately before sending the packet and immediately after receiving the packet [24].

Although there are many measurement applications available, the consistency of measurements is not
efficient. Using RTT as a metric, the performance of smartphone-based network metrics can be
evaluated [5]. Other factors affecting measurement results might be listed as application models,
Android architecture and network protocols. Detailed information about these effects can be found in
[24].

5. ENERGY CONSUMPTION OF MEASUREMENTS IN SMARTPHONES

This section describes some situations that cause energy consumption in mobile networks. Thus, the
energy required by the developed application per measurement can be determined.

Location Measurement
Location-based apps have become increasingly popular on smartphones in recent years. Using these
applications actively may drain the battery due to intensive location-sensing operations.

GPS energy consumption is between 400mW — 600mW. Using GPS continuously on a smartphone
with a battery of 1000mAh will end battery life in 6 hours. GPS location detection and reporting times
are 4 to 5 and 10 to 12 seconds, respectively [25].

Connection Speed

The increase in data rates of cellular 3G/4G networks, coupled with the growth of mobile application
use, is significantly affecting the quality of service the user perceives. QoE can be affected in two
ways: first, data rates on networks decrease when multiple users take turns requesting content; second,
data transfer on slow connections consumes considerable energy over fast connections. Both can be
avoided by better management of available resources [21].

185



Journal of Scientific Reports

Varol, A. and Kartal Cetin, B., Journal of Scientific Reports-A, Number 45, 178-200, December 2020.

Handover

It is the name given to the transition between two networks using different radio technologies or
between base stations on the same network. In a heterogeneous network environment, vertical and
horizontal handover is a very desirable feature. An effective handover solution provides fixed
connectivity to mobile users and allows seamless transition between different networks. Thus, by
improving the user experience, it enables the best quality of service. But changing the network
requires more device energy.

Handover can be between base stations with the same technology (horizontal Handover) or it can
trigger change in radio technology, such as 2G to 3G or 3G to LTE (vertical Handover). Horizontal
Handover usually occurs from the movement of the user. To study the effect of move, measurements
at different speeds are required [26], [10].

After investigating the parameters to be measured, the factors affecting these parameters and the
energy consumption of the measurements, the CoverME application was designed by considering all
these parameters.

6. PROPOSED NEW MOBILE APPLICATION: COVERME

In this section, the libraries and tools used in the design of the measurement application and the
parameters measured by the application and overall operating principle of the application are
explained.

Android Studio is an IntelliJ IDEA-based, formal Integrated Development Environment (IDE)
environment for developing Android applications. The application can be developed for all Android
devices thanks to the editor and developer tools of Android Studio. Utilizing its emulator, the
designed application can be tested. With Android-enabled libraries and external libraries, applications
can be created for various purposes.

The developed measurement app CoverME detects the performance of the cellular network the
smartphone is in its coverage. To this end, it measures RSRP, RSRQ, RSSI, RSSNR, Download
Speed, Cell ID and location. These values are stored in the internal memory of the phone with SQL.ite
for analysis. Utilizing the obtained measurement a coverage map is created for the cellular network.
Measurement parameters can be accessed through the libraries provided by Android. Three Android
classes (TelephonyManager, LocationManager and BatteryManaer), one library (Sqglite) and one
external class (facebook network connetion class) that are used to make these measurements are listed
below.

1)android.telephony TelephonyManager
2)android.os BatteryManager
3)android.location LocationManager
4)android.database.sqlite SQLiteOpenHelper
5)facebook network-connection-class

The measurement application can be used on APl 27 Android 8.1 Oreo devices or latter version
devices. CoverME performs two different measurements, active and passive measurements. Active
measurements are download speed and RTT measurements that require internet and generate
additional network traffic. Passive measurement performs LTE signal parameters, cellular network
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type, cell location, battery, GPS measurements that do not require internet and do not generate
additional network traffic. Figure 2 shows the screenshots during the passive and active
measurements.

The application automatically performs passive measurements every time one of the values changes,
without the need for the user to press the button, and saves it to the SQL.ite database with a timestamp.
When the data is successfully saved, the user is informed via a (Toast) notification message. For the
active measurement, the active measurement button must be clicked by the user. In the active
measurement, the application downloads a 100 MB file and divides it by the processing time to
achieve the download speed. To obtain RTT, measurements performed in the active mode and the
application pings the website ‘google.com’. In this ping process, the application sends 4 packets to
‘google.com’. The time that these packets reach and return to the target is determined. The minimum /
average / maximum / standard deviation RTT values of the 4 packets that sent, packet loss and total
processing time are displayed in the terminal. RTT is used to confirm accuracy in active measurement,
but is not stored in the database. Flowchart for the measurement process is given in Figure.3.
TelephoneyManager class is used to obtain Network Types, Cell Location and Signal Parameters. D
To obtain batterly level and location BatteryManager and LocationManager classes are used,
respectively.

General Mobile GM 8 smartphone was used for measurements. As seen in Figure 2, the value of LTE
CQI data is ‘2147483647’ which is the maximum value of the 32-bit String variable. CoverME
measurement application has the ability to measure CQI, but this false CQI value seen because the
smartphone used in the measurements does not support CQI measurement. The measurements
supported by smartphones differ by models and brands. The ability of the phone to measure the
desired measurement needs to be considered before using any app for physical measurements.

CoverME measurement application can be developed for 10S devices. However, this is not possible
with Android Studio. Although IOS and Android devices look similar on the outside, operating
systems on the inside are very different. The codes used in the 10S application design are in different
languages and different structures. 10S developers use Mac-supported Xcode as a program. The
programming language used by these developers is Swift. The 10S library with the signal parameters
is Core Telephony. Since the market share of mobile operating systems is 74.14% for Android and
25.26% for 10S, the platform on which the application will run is selected Android [4].
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Network Type = 4G/LTE
Battery Level = 82.0 %
Cell Location = [1315,82330646,-1]
Signal Values
LTERSSI=-121 dBm
LTE RSRP = -108 dBm
LTERSRQ =-13dB
LTE RSSNR = -40 dB
LTE CQl = 2147483647
EVDO RSSI =-120 dBm
EVDO EC/I0 =-160 dB*10
EVDO SNR = -1
CDMARSSI = -120 dBm
CDMA EC/IO =-160 dB*10
GSM RSSI = 85 dBm
GSMBER=0
Last Measurement Time
5 May 2020 13:07:46
Location
Latitude = 37.7649395
Longitude = 30.5590396

Bandwidth
Download Speed

RTT Measurement

Saved

a) Passive Measurments

EVDO RSSI =-120 dBm
EVDO EC/10 = -160 dB*10
EVDO SNR = -1
CDMARSSI =-120 dBm
CDMAEC/10 =-160 dB*10
GSM RSSI = 85dBm
GSM BER=0
Last Measurement Time
5 May 2020 13:08:25
Location
Latitude = 37.7649395
Longitude = 30.5590396

Bandwidth = EXCELLENT
Download Speed = 12229.134111965086 Kbps
PING www.google.com (172.217.17.196) 56(84) bytes of
data.
64 bytes from sof02s22-in-f196.1e100.net (172.217.17.196):
icmp_seq=1 tt|=49 time=88.0 ms
64 bytes from sof02s22-in-f196.1e100.net (172.217.17.196):
icmp_seq=2 ttI=49 time=116 ms
64 bytes from sof02s22-in-f196.1e100.net (172.217.17.196):
icmp_seq=3 ttl=49 time=85.3 ms
64 bytes from sof02s22-in-f196.1e100.net (172.217.17.196):
icmp_seq=4 ttI=49 time=138 ms
--- www.google.com ping statistics ---
4 packets transmitted, 4 received, 0% packet loss, time
3003ms

rtt min/avg/max/mdev = 85.384/107.205/138.818/21.971
ms

),
e

Saved

b) Active Measurements

Figure 2. CoverME Passive/Active Measurement Interface.
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Figure 3. Flowchart of the Measurement Process
7. MEASUREMENTS AND DISCUSSIONS

Using the developed measurement application CoverME, 1186 measurements were carried out in
different neighborhoods of Isparta. 85% of the measurements were made on foot, and 15% were
carried out on the vehicle with an average of 40 km/h. 838 of the measurements are available since
they have both location and download speed values. With these measurements, a coverage area has
been created in Google My Maps. Each marker on the map represents a measurement. By clicking on
the marker, the performance of the cellular network of its location can be accessed.
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Figure 3. Isparta MyMaps Image.

Measurements are made by the end user via smartphone and stored in the database in its internal
memory. The data collected were analyzed on the computer, and the correlation between LTE signal
values and download speed was plotted. To determine whether the battery level has an effect on the
measurements, the download speed is also plotted by the battery percentage.

The graphics were created with the Curve Fitting tool. Exponential model for two-dimensional
graphics and Polynomial model with a grade 2 for three-dimensional graphics were used.

7.1.Correlation of LTE RSRP value with download speed

Figure 5 shows the relationship of RSRP value with download speed. High download speeds (60
Mbps>) occurred when the LTE RSRP value was -70 dBm and above. When the graphic in Figure 5 is
examined, different download speeds can be seen at the same RSRP values. This indicates that the
download speed is not only dependent on RSRP. There are different RSRP values for the same
download speed values. However, it can be concluded that a certain RSRP value must be exceeded in
order to increase the download speed. The highest download speed value was measured between -60
and -50 dBm of LTE RSRP. The lowest value of LTE RSRP was measured between -110 and -100
dBm. Measurements below 10 Mbps continued up to -60 dBm. In general, according the measurement
results it was concluded that the increase in RSRP value has a positive effect on the download speed.
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Figure 4. RSRP graph.

7.1.1. Correlation of LTE RSRQ value with download speed

Figure 6 shows the download speed according to the RSRQ change. Based on the curve we obtained
with Curve fitting, the increase of LTE RSRQ also increased the download speed. The highest
download speed measurement was realized at -12 dB of RSRQ. Measurements were made at different
speeds at the same value of RSRQ. This is due to the effect of other parameters on download speed.
Low download speed measurements were taken even at high values of RSRQ. For measurements
made at values less than -14 dB for LTE RSRQ, the download speed could not exceed 50 Mbps. High
download speeds were achieved only after this level of RSRQ. Also, for measurements with RSRQ
values greater than -9 dB, the download speed has always been above 15 Mbps. Although the increase
in RSRQ value increases the average data rate, it is not enough to evaluate network performance
alone.
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Figure 5. RSRQ graph.

7.1.2. Correlation of LTE RSSI value with download speed

Figure 7 shows the effect of RSSI on download speed. The graph in Figure 7 shows that high
download speeds are achieved at high RSSI values. Download speed measurements of 50 Mbps and
faster performed LTE RSSI values greater than -110 dBm. In general, LTE RSSI value has been found
to affect download speed in a linear way, but this effect is limited.
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Figure 6. RSSI graph.
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7.1.3. Correlation of LTE RSSNR value with download speed

Figure 8 shows the relationship between download speed and RSSNR value. The highest download
speed measured between 200 dB and 250 dB of RSSNR value. It is seen that it is possible to reach
high download speeds after 50 dB of RSSNR. For measurements greater than 120 dB of RSSNR, the
download speed is not less than 10 Mbps. In some cases where RSSNR is less than -100 dB, there are
exceptions that can reach the download speed of 50 Mbps. The reason for this is that other parameters
that affect the download speed are partially good (when the measurements are examined, it has
observed that the RSSI value is high in these values). Based on the measuremets, RSSNR has a
positive correlation with the download speed most of the time. This can also be seen from the
representative curve obtained with curve fitting. However, as can be seen from the graph same
download speed might be obtained for a large range of RSSNR values.

e  Download speed vs. RSSNR
80 Representative Curve

Download Speed (Mbps)

-150 -100 -50 0 50 100 150 200 250
RSSNR Value (10*dB)

Figure 7. RSSNR graph.

7.1.4. Correlation of battery level with download speed

Figure 9 shows the effect of the percentage of the battery on the download speed. High download
speeds are achieved when the battery is almost fully charged. In cases where the battery is less than
80%, the download speed could not exceed 60 Mbps. The lower the battery level, the lower the
download speeds in the measurements. This can be understood from the peak values of the download
speed in the measurement groups that occur in battery percentages.
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Figure 8. Battery graph.

Since the download speed does not change depending on a single parameter, different speed values are
observed at the same points in two-dimensional graphics. In order to better explain this situation, the
variation of the download speed depending on two parameters has also been drawn in three
dimensions. These drawings were created using the Matlab Curve Fitting tool using Polynomial, x and
y with grades 2.

7.2. Correlation of LTE RSRP and LTE RSRQ values with download speed

Figure 10 shows the relationship of download speed to both RSRQ and RSRP. Low download speed
measurements are observed even at high values of RSRQ. Hence, it was concluded that the effect of
RSRQ value on download speed is limited. However, it is seen that both RSRQ and RSRP should be
high in order to reach high download speeds. At the very large values of the RSRQ value, even though
the RSRP value is very small, the data download speed has been found to be around 15 Mbps.
However, when the RSRQ and RSRP values are compared, it can be said that the RSRP value plays a
more decisive role in the download speed compared to the RSRQ value.
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Figure 9. RSRP and RSRQ graph.

7.2.1. Correlation of LTE RSRP and LTE RSSNR values with download speed

Figure 11 shows how the download speed changes according to RSRP and RSSNR values. When
RSRP is very small (<-100 dB) RSSNR values greater than 0 dB, a small increase in download speed
has occurred. The high download speed is achieved only if these two values are high.
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Figure 10. RSRP and RSSNR graph.
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7.2.2. Correlation of LTE RSSI and LTE RSRQ values with download speed

When the graph in Figure 12 is examined, it is observed that the RSSI value has no effect on the data
download speed. As can be seen form the graph, even RSSI is at very low value, the data download
speed takes a wide range of values. For example, for the same RSSI value, the data rate can be 10
Mbps or 70 Mbps. According to obtained results, it is observed that there is no positive or negative
corelation between RSRQ and RSSI.

Download speed vs. RSRQ, RSSI

Download Speed (Mbps)

116
118

120 4
RSSI Value (dBm) 20 RSRQ Value (dBm)

Figure 11. RSSI and RSRQ graph.

7.2.3. Correlation of LTE RSSI and LTE RSSNR values with download speed

Figure 13 shows how both RSSI and RSSNR affect the download speed. As can be seen from the
figure, it is observed that RSSNR has a positive effect on the download speed regardless of RSSI
value. It can be concluded that the RSSNR value must necessarily be high to achieve high data rates.
For example, if the point where the RSSNR value is 50 dB is examined in the figure, it can be seen
that even at the lowest value of the RSSI, the data rate of 20 Mbps can be exceeded.
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Figure 12. RSSI and RSSNR graph.
8. CONCLUSION

In this study, a smartphone application was developed in order to measure specific parameters in the
LTE communication network. The relationship between RSSI, RSSNR, RSRQ and RSRP values
measured in the field and correlation of these values with the download speed was analyzed. Based on
the analyses, it is seen that measured parameters RSSI and RSRQ increase the average data download
speed, but they do not provide accurate information about network performance or instantaneous data
rate. In other words, a good data rate value can be obtained at a measured point where the RSRQ
value is too small, whereas the opposite can occur in a case where the data rate value at a very high
RSSI or RSRQ value can be quite low. In addition, RSSNR and RSRP values enable accurate
inferences about data rate performance below and above certain values. For example, a specific
threshold value for RSRP and RSRQ can be mentioned in order to exceed a specific data rate value.

Measurement application CoverME is an application that covers all the parameters measured by
measurement applications in literature. Cell location, network type, signal parameters, download
speed and delay are measured with this application. In the next phase of the study, measurements will
be made in different field classifications (Stadium, campus, concert area, intercity roads etc.) and will
be classified for different movement speeds of the mobile user. In addition, by transforming the
application into a crowd-sourcing application, gaining the ability to collect large amounts of data in a
short time and determining the uploading speed is the next step in the work.
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ABSTRACT

One of the factors that make coal mining difficult is the spontaneous combustion of coal. Spontaneous
combustion including various parameters is not only met in underground mining, but also in surface
mining, stockyards and long-distance transport of coal by land and sea. This event, which threatened
the occupational safety in mines, has effects of causing loss of lives and defecting human health. In
mining enterprises, it causes production losses along with economic losses. It is a serious matter that
requires good planning and supervision in order not to cause irreversible damages. Spontaneous
combustion of coals develops depending on internal, environmental factors and production methods.
In order to eliminate the problems caused by spontaneous combustion, the spontaneous combustion
conditions of coals must be determined and classified beforehand. In this study, spontaneous
combustion tendencies of Soma Region coals were generally determined with samples taken from
Isiklar Colliery, Imbat Mining and Eynez Colliery of Demir Export. Using the crossing point method,
a total of 30 experiments were carried out with 10 samples taken from each colliery to find out the risk
of spontaneous combustion of the Soma Region coals. Based on the values obtained, it has been
determined that the coals of the Soma Region have a "high" tendency to spontaneous combustion.

Key words: Coal, Crossing point method, Oxidation, Spontaneous combustion
1. INTRODUCTION

Spontaneous combustion of coals is a natural phenomenon that causes serious losses especially in the
mining area and causes environmental pollution as a result of toxic gases released from burning of
coal [1]. This problem can be encountered in long-term storage in thermal power stations, including
coal stocks, surface mining, underground old production areas, dump sites and even in transport
conditions such as long-distance cargo ships or trains [2]. Spontaneous combustion phenomenon has
been tried to be enlightened by many researchers and scientists from different disciplines since the
17th century due to the complex structure of coal. Different theories have been developed to explain
this phenomenon. Some of these theories; pyrite theory, bacterial theory, phenyl reaction, free radical
reaction, hydrogen reaction, activation group reaction and coal - oxygen interaction theory. Among
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these theories, the most accepted approach by researchers is the theory of coal-oxygen interaction [3].
According to this theory, the reactions between coal and oxygen take place in two main stages as
"direct combustion™ and "chemisorption™. In the stage called "direct burning"; oxidation products such
as CO, CO, and H,O are released as a result of the reaction between coal and oxygen [4].
"Chemisorption stage" consists of 4 consecutive sub-stages. These stages can be summarized as
follows: 1) physical adsorption of oxygen, increase in temperature; 2) chemical adsorption (above
50°C), production of oxygenetic hydrocarbons or peroxy compounds; 3) decomposition of oxygenetic
hydrocarbons when the spontaneous combustion temperature is reached (above 70°C) with
simultaneous oxidation of unaltered coal; and 4) the occurrence of the phenomenon called
spontaneous combustion when all of the processes in the first three substances cause temperatures
higher than 150°C, typically defined as the ignition threshold [5]. Figure 1 shows the general reaction
steps in coal oxidation [6].

Combustion

Coal + 0; ——==C0;, CO & H.0
r CO,, CO & H:0
Sorption  Unstable, solid carbon-

Coal + 0; C——__—> oxygen intermediates Stable structures
(humic acid) prone to degradation
over T0°C

Figure 1. Reaction steps taking place in coal oxidation.

Many factors can affect the spontaneous combustion of coals. In the literature, these factors are
divided into two as internal and external factors. While internal factors are mostly related to the
physical properties of coal or rocks with organic content; External factors concern the geological
characteristics of the coal seam and the site where the seam is located and the framework of the
production method applied during mining. The parameters effective in spontaneous combustion are
shown in detail in Table 1 [7]. In general, since low-rank coals contain more reactive moisture,
oxygen and volatile matter, they are more prone to spontaneous combustion than high-rank coals [8].
Different opinions are put forward on the effects of moisture content in coal on oxidation and
spontaneous combustion.

Table 1. Parameters effective in spontaneous combustion of coal.

Internal (endogenous) factors External (exogenous) factors

Coal features Geological features Atmospheric conditions Factors related to mining
Carbonization degree Seam thickness Temperature Production method
Petrographic structure Seam slope Moisture Advance rate

Moisture content Collapse feature Oxygen concentration Pillar conditions

Mineral matter content Tectonic faults Roof conditions

Particle size Depth Main gate conditions
Pyrite content Geothermic gradian Air leakage

Physical features Coal losses

Bacteria Mined out areas

Filling conditions
Ventilation pressure
Air moisture
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It was found by the researchers that there is a critical humidity range value for the value at which
coal’s oxygen consumption is maximum; it has been stated that oxygen consumption rates decrease for
coals below or above this humidity range [9]. Considering coal oxidation and the spontaneous
combustion process is an event that occurs on the surface and pores of the coal. In the researches to
date; it has been stated that the surface area increases as a result of the decrease in the particle size of
the coal and it has the role of increasing spontaneous combustion since it allows the formation of
additional surfaces that will come into contact with oxygen [10]. It is possible to say that high mineral
substance content will reduce the spontaneous combustion of coal, since the increase of mineral
substance in coal will decrease the amount of carbon in its structure. Apart from that, in the past
studies, the oxidation accelerator of lime, soda and iron compounds in the coal structure; it is stated
that minerals such as aluminum and silica have an effect that slows down the process in concern [11].
Especially in the literature, it has been stated that this ratio should be above 2% for pyrite to play an
effective role in spontaneous combustion [12]. Contrary to this view, there are also studies suggesting
that pyrite does not mean anything on its own and requires a certain amount of moisture to function as
a catalyst in oxidation, and that pyrite alone does not contribute to oxidation in tests on dry samples
[13]. The effects of coal petrography on spontaneous combustion are also among the topics that attract
the attention of researchers in the literature. It is generally accepted that coals with high reactivity
macerals such as liptinite and vitrinite are prone to spontaneous combustion [14]. Apart from internal
factors, other factors that are effective in spontaneous combustion are external factors. External
factors such as seam thickness and depth, ventilation and production method and advance rate stand
out among external factors when evaluated in terms of the effect level. As the thickness of the coal
seam increases, the thermal conductivity of the coal decreases and the heat accumulation in the coal
may increase. In the block caving methods, which are frequently used in the excavation of thick coal
seams, coal pieces with a fractured structure that have been abandoned without being produced in the
goaf prepare the ground for spontaneous combustion [15]. It is stated in the literature that coal
deposits with a thickness of more than 5 m are more prone to spontaneous combustion [16]. With the
increasing depth, the risk of spontaneous combustion of coal increases in parallel. Rock pressure on
coal in deep coal mines leads to breaking and cracking of the pillars left and especially the coal pieces
at the coal face. These fractures and cracks form free surfaces for the coal to contact with oxygen [17].
Apart from this, it is stated in the literature that the geothermal gradient will increase as a result of the
increase in the depth, the temperature of the coal and the surrounding rocks will increase as a result of
this increase, and this will prepare a suitable environment for spontaneous combustion [11]. In
general, as a result of the temperature increase of every 10°C at temperatures between 30-100°C, the
oxidation rate of coal increases on average 2.2 times [18]. When examined in terms of atmospheric
conditions in the mine, the effect of the amount of moisture in the air on spontaneous combustion is
also shown among the parameters affecting spontaneous combustion. It is stated that humid air acting
on the coal surface produces 2.5 times more heat than dry air [19]. If the partial pressure of the
humidity in the air is high, moisture exchange between coal and atmospheric air, and the heat released
during condensation may cause the temperature of the coal to increase and the risk of spontaneous
combustion to increase [20]. The advanced longwall method is a more dangerous method for
spontaneous combustion compared to the retreating longwall method due to the continuous air flow of
the coals behind the goaf. In retreating longwall method, since the main gate roads are in the coal, air
cannot find any way to escape and thus air leaks can be reduced to a minimum. In addition, different
chemicals called inhibitors can be used to prevent the spontaneous combustion of coals and basically
limit the contact of oxygen with coal. The inhibitors in wide range from inorganic salts such as NaCl,
MgCl,, CaCl, to antioxidants that can also be used in food products [21, 22].
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Mine fires caused by spontaneous combustion events in our country have caused a great loss of life
and property in important enterprises such as the Turkish Hard Coal Enterprises and the Western
Lignite Corporation [23, 24]. Studies of the determining to spontaneous combustion liability carried
out by many researchers on various coals in our country have gained momentum after these events.
Spontaneous combustion studies carried out by different researchers in different institutions,
especially in the Zonguldak region, have given important ideas in terms of the oxidation
characteristics of coal in the region [25-29]. In addition, in studies conducted at the Western Lignite
Corporation, the ignition temperature of coals was determined as 138-146°C and they were included
in the high-risk coal [30]. Kadioglu ve Varamaz [31] examined the effects of moisture and dried air on
the ignition temperatures of Agkale and Balkaya lignites, found that the moisture content increased the
ignition temperature values, while the ignition temperatures of coals passed through dry air decreased.
Sensogiit ve Cinar [32] determined the ignition temperatures of coals of Konya — Ermenek region as
151-160°C and the liability index values as 4,4—7,3.

The center of the studies from the past to the present is the determination of the factors affecting the
spontaneous combustion process, their prevention at the beginning of the combustion process or their
disposal afterwards, and the determination of the spontaneous combustion tendency of the coal or
organic rocks. Considering that spontaneous combustion is an actual process and the seam depth and
coal structure may change with the production processes, it is important to carry out susceptibility
measurements and risk assessments periodically. With this study, spontaneous combustion risks of
coal samples taken from underground production faces of three separate private enterprises that
continue their activities in the Soma region were determined.

2.MATERIAL AND METHOD
2.1. Preparation of Samples
Examples of lignite used in the study have been obtained from the production panels of three different

private enterprises operating in the field of underground mining in Soma district of Manisa province
(Demir Export / M2 panel, imbat Mining / D11 panel and Soma Coal Enterprises / panel 8) (Figure 2).
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Figure 2. Location map of the region where coal samples were taken.

204



Journal of Scientific Reports

llica et all., Journal of Scientific Reports-A, Number 45, 201-214, December 2020.

The samples obtained from the underground coal mines were covered with aluminum foil and stretch
film in order to avoid oxidation and were quickly brought to the Mining Engineering Laboratories of
Kiitahya Dumlupinar University in closed containers. Subsequently, all samples were reduced to -75
pum in size and placed in airtight bags of approximately 200 g and preserved in the deep freezer until
the test processes. The chemical analysis results of the samples have been obtained from the
enterprises and are given in Table 2.

Table 2. Chemical analysis results of coal samples.

. . . - Demir
Analysis Soma Coal Enterprises Imbat Mining Export
Original total moisture (%) 10,0 11,7 10,6
Dried ash (%) 40,07 46,21 44,52
Dried volatile matter (%) 39,60 37,49 38,54
Dried fixed carbon (%) 19,43 18,89 17,81
Dried total sulphur (%) 1,07 0,78 1,85
Dried upper cal. val. (cal/g) 3127 2698 3461
Dried lower cal. val. (cal/g) 2959 2544 3281

2.2. Experimental Studies

Many methods and experimental devices have been developed in different countries of the world in
determining the spontaneous combustion behavior of coals. Among the most commonly used of these
experimental systems are isothermal and adiabatic calorimeter method [33, 34], dinamic oxidation
method [26], basket heating method [35], Olpinski’s method [36], TGA/DTA (thermogravimetric
analysis/differential thermogravimetric analysis) [37, 38] ve crossing point temperature method [39].
The crossing point temperature method has advantages over other methods due to reasons such as ease
of installation of the experimental set, low cost and widespread use in major coal producing countries
such as China, India. In determining the spontaneous combustion tendency of the coals that are the
subject of the present study, the set up that is currently operating in Kiitahya Dumlupinar University,
Mining Engineering Department, Spontaneous Combustion Test Laboratory was used (Figure 3). The
set up in concern consists of an oven (Carbolite PF120, England) allowing to program and ramp at
different temperature and time intervals, a chromium-nickel alloy reactor in which the coal sample is
placed and the combustion takes place, thermocouple and data recorder (Testo 175-T3, Germany) for
measuring the temperature of the coal in the reactor and flow meter (Cole Parmer, Dual-Float SN-
32466-04, USA) that provides air to the coal at desired flow rates and oxygen and nitrogen cylinders.
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Figure 3. Spontaneous combustion test set up.

The crossing point method, which is widely used in the literature, was used to determine the
spontaneous combustion susceptibility of the coals. In the experiments, 100 g coal samples reduced to
-75 pwm size were used.
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Figure 4. A typical spontaneous combustion curve.

At the beginning of the experiment, the coal sample was put into the reactor and the gas inlet and
outlet connections of the reactor were made, and oxygen was not given into the reactor until the
temperatures of the oven and coal sample equaled to 30°C during the equilibrium time period.
Nitrogen gas was introduced into the reactor during the equilibrium time to prevent the coal from
oxidizing. At the point where the process was completed and the temperatures of the coal and oven
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were equalized, oxygen was introduced to the reactor at a flow of 200 cc/min with 99.6% purity, and
after this stage, the temperature values of the coal and oven were recorded every 10 minutes. In the
experimental process, the temperature increase of the oven was set as 0.5°C/min and the temperature
changes in the coal and oven were observed until the end of the experiment. The temperature of the
coal sample oxidized over time reaches the temperature of the oven, which increases linearly, and the
temperature of the oven and coal intersect at one point. While this point is called the "crossing point"
in the literature, the temperature at that point is expressed as the "ignition temperature" (Figure 4).

2.3. Determination of Spontaneous Combustion Liabilities of Coals.

Spontaneous combustion tendencies of coals were determined by using the data obtained during the
experiment. Empirical equation developed by Feng, Chakravorty and Cochrane [40] was used when
making susceptibility classification (Equation 1 & 2). The formulation of the mentioned index and the
explanations of the variables used in the formulation are given below.

Average Heating Rate (AHR)

IFCC - Crossing Point Temperature (CPT) x 1000 (1)
Here;

lrce . Feng, Chakravarty, Cochrane index, min™.

AHR : Average Heating Rate between 110 - 220°C, °C min™

Average heating rate (AHR) is calculated by the formula given below;

110
-t

AHR =

2
Where;

t,: time when the coal sample reaches a temperature of 220°C, min
t;: Time when the coal sample reaches a temperature of 110°C, min

By using the index (lrcc), the spontaneous combustion tendencies of coals are classified as shown in
Table 3.

Table 3. Liability classification of coals according to lgcc index.

Susceptibility index Risk category
0-5 low

5-10 medium

>10 high

3. CONCLUSION

In this study, spontaneous combustion characteristics of the coals procured from Soma Coal
Enterprises (SK), Imbat Mining (IM) and Demir Export (DE) which continue their coal production
activities in the Soma region were determined using the crossing point method. For each coal sample
belonging to each enterprise, 10 crossing point tests were conducted and the results were examined.
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The test results and intersection graphs of all coals are given in detail in Table 4 and Figure 5-7,
respectively.

When the experimental results are examined, the ignition temperatures of the samples taken from
Panel 8, Soma Coal Enterprises are between 151 - 160°C; average heating rates ranged from 1.64 -
4.07°C min-1 and susceptibility indices ranged from 10.87 - 26.28 min-1.

Ignition temperatures of samples taken from D11 panel, Imbat Mining are 142 - 149°C; While
average heating rates were determined between 2.07 - 4.23°C min-1, the susceptibility index values
were determined between 14.6 - 28.78 min-1.

Ignition temperatures of the sample taken from M2, Demir Export panel are 142 - 151°C; average
heating rates were found between 2.04 - 4.4°C min-1, whereas susceptibility indices were determined
as 14.27 - 30.3 min-1.

In the light of the data obtained, Soma Basin lignite coals were identified as “high risk” in terms of
spontaneous combustion. Although these results support the studies carried out in previous years;
considering the parameters on spontaneous combustion and changes in production processes, it is vital
to repeat spontaneous combustion susceptibility measurements and to evaluate production plans
according to the risk scale in question.

Table 4. Spontaneous combustion results for all coal samples.

Sample CPT (°C) AHR (°C min")  lgcc (min™) Risk classification
SK-1 151 1,64 10,87 High
SK-2 155 4,07 26,28 High
SK-3 153 2,75 17,97 High
SK-4 153 2,39 15,6 High
SK-5 159 3,24 20,38 High
SK-6 159 3,24 20,38 High
SK-7 160 3,44 21,5 High
SK-8 159 2,39 15,03 High
SK-9 155 3,33 21,48 High
SK-10 154 2,44 15,84 High
IM-1 142 2,07 14,6 High
IM-2 142 2,16 15,19 High
IM-3 142 2,619 18,44 High
IM-4 143 3,14 21,95 High
IM-5 144 2,82 19,58 High
IM-6 145 2,62 18,07 High
IM-7 146 2,62 17,88 High
IM-8 149 3,93 26,38 High
IM-9 148 4,07 27,5 High
IM-10 147 4,23 28,78 High
DE-1 145 44 30,3 High
DE-2 142 3,66 25,77 High
DE-3 143 2,04 14,27 High
DE-4 146 3,33 22,8 High
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Figure 5. Time-temperature curves of experiments belonging to Soma Coal Enterprises (SK).
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Figure 6. Time-temperature curves of experiments belonging to imbat Mining (IM).
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Figure 7. Time-temperature curves of experiments belonging to Demir Export (DE).

In addition, the relations between the proximate analysis values of coals and the ignition temperatures
are given in Figure 8. During the investigation of this relationship, the average ignition temperatures
obtained in 10 experiments for each coal sample were taken and the correlation between them was
investigated. According to the results obtained, it is possible to say that the most significant
relationship with the ignition temperatures of coals is with the ash content in coal. In general, as the
amount of ash in coal increases, the ignition temperature values decrease. It is believed that this
condition is caused by the content of mineral substances that accelerate oxidation found in the ash of

coal, as revealed in some studies conducted in the past [41].
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ABSTRACT

The coal slimes are formed during the gravity processes applied at the coal preparation plant (Coal
Washery). After the washing process of coal, large amounts of fine coals with a high calorific value is
being discharged to the abandoned open cast spaces causing economic losses and significant
environmental problems. A re-processing of these coal slimes by using the newcomer separation
devices, such as Knelson concentrator, is a necessity due to the filling up of ponds, requirements of
new legislation, and so on. In this study, the recovery of fine coal slimes of Tuncbilek Washery in
Kutahya-Turkey was carried out by using the Knelson Concentrator (KC). Besides, the effect of
particles sizes on the recoverability of fine coals was also investigated to reach optimum recovery.
According to the particle size analysis made for this purpose, the maximum particle size of the
samples was found as 4 mm while the ratio of material below 0.038 mm was found as 69.66%. From
the chemical analysis made (ash, calorific value), it was also found that the ash content and the upper
calorific value of the waste material 68% and 1603 kcal/kg, respectively. After the coal processing
studies carried out using the KC for two different particle size groups, it was realized that the recovery
rate was highly reduced at carbon content which is the indicator of the valuable substance while it was
slightly decreased at lower particle sizes. When all the coal processing results were considered, it
could be concluded that clean coal with 70% carbon content and an upper calorific of 4807,9 kcal/kg
could be obtained through a combustible recovery of 57.4%.

Keywords: Coal Recovery, Knelson Concentrator, Slime Pond, Western Lignite Corporation
1. INTRODUCTION
Coal, an organic sedimentary rock, contains minerals and combustible organic substances in the

maceral structure. Coal is heterogeneous at certain levels. At its simplest level, it is a mixture of
organic and inorganic phases. However, the mineral material of the coal is composed of inorganic
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constituents of the plant, other organic substances and the inorganic constituents which have different
structures and liberation characters carried to coal bed [1].

Coal preparation and enrichment is a process in which the value of raw coal is increased by reducing
the content of impurities such as inorganic matter. The quality of the operation depends on many
parameters, and particle size is one of the most important parameters. The finer the particle size is, the
harder the separation will be. Therefore, it very hard to separate coal slimes from the gangue.
Increased fine size coals called as slimes caused due to the fragile nature of the coals and the increased
mechanized production methods cannot be enriched using the existing methods. These fine coals not
only cause economic loss but also cause environmental problems. Such causes necessitate the
evaluation of the coal in the fine fractions. Besides, slimes, are problematic for coal washeries.

Coal slimes processing plants have higher water content and are generally stored in a waste dam near
the coal mine. These slimes are problematic in terms of processing due to the fine size, oxidization,
and so on [2]. Many researchers have investigated to find the most appropriate method to separate
coal slimes from the inorganic materials due to the environmental and economical concerns. Types of
equipment that make the separation between organic and inorganic components of coal (+0.1 mm) for
the enrichment purposes such as heavy media, jig, shaking table, spirals, cyclone, etc. are effectively
used for mining industry efficiently with low cost. However, the recovery decreases for fine size by
using these types of equipment, and if the size is less than 0.1 mm, the enrichment is rather difficult
and costly [3, 4]. Advanced gravimetric enrichment, based on centrifugal forces, and flotation
methods have become more effective in the separation of such fine size coal [5, 6, 7, 8]. However, in
the flotation process, environmental problems arise together with the costs of the reagents, and the
oxidization of coal [4, 9, 10, 11]. Therefore, centrifugal force-based gravity concentrator seems higher
potential to separate coal slimes from gangue minerals.

Centrifugal separators using the gravity-based separation mechanism can be divided into three basic
types: vertical axis machines (Knelson, Falcon etc.), centrifugal jigs (Altar jig, Kelsey jig) and
horizontal axis machines (Multi-Gravity separator). By using high gravitational force of these devices,
efficient and effective separation of ultra-fine free particles is made possible [6, 10, 11, 12].

Based on the aforementioned trends, it is clear that there is a need for a highly effective physical coal
cleaning technology to recover fine coals present in modern coal preparation plants. One of these
separators is the Knelson Concentrator (KC) with a vertical axis conical bowl type that performs the
concentration process using the fluidized bed mechanism. The different series of KCs are used for
different application purposes, such as base metals and coal industries all over the world. KC has the
advantages of simple construction, small installation space, high capacity, recovery for large particle
sizes, and most importantly the benefits of having very large enrichment rates up to 1000: 1 in a single
step. The separation principle of KC is based on the difference between centrifugal forces applied to
heavy and light particles and separation bed fluidization [4, 6, 9, 10, 12, 13, 14].

The movement of a particle in a centrifugal fluid bed depends on the number of parameters, such as
the geometry of the conical reservoir, the physical properties of the particles, and the operational
conditions of the concentrator. The efficiency of the KC also depends on some basic parameters such
as the size of the feed particles, the feed type, the feed particle class, the feed rate, the centrifugal
force density, the concentration cycle, the bed fluidizing water flow rate and pressure. Minor changes
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in these parameters can cause significant variations in the effectiveness of the separation process [13,
14].

Previous studies on the enrichment of coal in different sizes and properties have been carried out by
some researchers. In these studies, the effect of fluidizing water rate, centrifugal force and feed rate
on the separation was investigated.

Sabah and Koltka (2014) obtained a clean coal containing 30.51% ash with a amount of 81.18% for
the particle size of -0.5+0.038 mm having 42.6% ash content from Aegean Lignite Corporation (ALC)
waste pond [15].

Honaker et al. (1996) obtained a clean coal with 8% ash and 85% combustible recovery by using the
KC. In this study feed size is -0.6 + 0.210 mm and an ash content of the feed is 21% [6]. Honaker and
Das (2004) also obtained a clean coal with 8% ash content and 90% combustible recovery from the
feed of 22% ash content with a size range of -0.150 + 0.044 mm by using a pilot scale KC [16].

According to a study carried out by Oney and Tanriverdi (2016) on the enrichment of Amasra coals
containing 34.30% ash with a size of -1 + 0.15 mm, a clean coal with 16.28% ash content was
obtained with a combustible recovery of 67.82% [14].

In another work carried out by Uslu et al. (2012), oxidized coal with a high-sulphur content was
classified by the size ranges of -0.106, -0.300 + 0.106 and -0.500 + 0.300 mm and then enriched with
KC. 99.13% combustible recovery and 60.94% carbon content were achieved in the range of -0.500 +
0.300 mm [4].

Tungbilek coal processing plant of Western Lignite Corporation (WLC) was taken into operation in
1952 while Omerler coal washery of the same corporation has been in service since 1993 in
Tungbilek, Kiitahya (Turkey). Coal processing is carried out by the use of gravity methods in both
plants and fine wastes arise at significant amounts. These wastes have been stored in abandoned open
cast spaces of the No. 4 and Beke Yorgii¢ for a long time. However, the slimes of both coal washing
plants are still being discharged to the pond of 6/C worked out open cast panel, since these spaces are
already filled up (Figure 1).

It was reckoned by the WLC administration that safe storage of slimes in ponds according to the new
"Mineral Waste Regulation" will increase the storage costs considerably. Therefore, alternative
approaches such as partial or total enrichment of coals from the wastes or isolating the wastes after
dewatering process in suitable deposits to prevent environmental negative effects should be
considered. However, the main obstacles for the use of fine coal wastes in the nearby power station
after dewatering were considered to be the high dewatering costs, insufficient thermal value (1300-
1800 kcal/kg) and the high humidity value (30-35%).

The protocol values agreed for the raw coal/mix fed to the Celikler Tungbilek B Group Thermal
Power Plant by the corporation are given in Table 1. According to the values listed in Table 1, it is
impossible to comply with these base values by only dewatering. Therefore, there is a necessity of
enrichment to obtain these base values.
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Figure 1. Location of the ponds No. 4, Beke-Yorguc and 6/C panel and Tuncbilek Coal Processing
Plant.

Table 1. Protocol values of raw coal/mix fed Celikler Tungbilek B Group Thermal Power Plant.

Base value of Highest lower  Lowest lower Particle
lower calorific calorific calorific Moisture Ash size
value value value (%) (%) (mm)
(kcal/kg) (kcal/kg) (kcal/kg)
2350 3000 1900 24 (£ %10) 42 (£ %10) 0-1000

In this study, the beneficiation of fine size coals in No. 4 slime pond of WLC was investigated by
using the Knelson concentrator. The optimum conditions have been tried to achieve by taking into
considerations of various parameters includes particle size, rotation speed and water flow rate. Thus,
we tried to figure out the possible application of KC for Turkish coal industry.

2. EXPERIMENTAL STUDIES
2.1. Material and Method

The samples used in the experiments were taken from the No. 4 slime pond of WLC. The material
taken from the field was then brought to Mineral Processing Laboratory of Mining Engineering
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Department of Dumlupinar University, Turkey. The sample was homogenized systematically. The
sample was then stored for use in experimental studies after reduction by cone and quartering, and
sample divider. Russell sieve was used for size classification of the sample.

Sieve analysis was performed for the samples taken from the slime pond to determine the size
distribution of the material by using the Retsch type laboratory sieves. The particle size analysis
results of the samples are shown in Table 2.

The maximum particle size is 4 mm and the material ratio of -0.038 mm is 69.55% when Table 2 is
examined for original particle sizes, The ash and upper calorific value (UCV) analyses have been
made according to the particle size groups of the same sample. Ash analysis was carried out in a Nuve
brand ash oven and calorimetric measurements on the lka Werke instrument. The results obtained
from these analyses are also given in Table 2.

Table 2. Particle size and ash-calorific value analysis of the slime pond sample .

Fractional Cumulative

Particle size (mm)  weight  Ash UCV  Weight Ash ucv
(%) (%)  (kcall/kg) (%) (%) (kcal/kg)
+4 024 2725 5191 0.24 27.25 5191
-4+2 1.50 24.83 5441 1.74 25.16 5407
-2+1 2.87 20.41 5731 4.61 22.20 5609
-1+0.85 0.24 2545 5170 4.85 22.36 5587
-0.85+0.5 5.16 23.46 5403 10.01 22.93 5492
-0.5+0.3 2.75 30.52 4936 12.76 24.57 5372
-0.3+0.15 6.64 3941 4561 19.40 29.65 5095
-0.15+0.075 441  47.38 3757 23.81 32.93 4847
-0.075+0.038 6.63  48.26 2255 30.44 36.27 4282
-0.038 69.56 81.91 431 100.00  68.02 1603
Total 100 68.02 1603

Depending on the particle size decrease, an increase in the ash values and a decrease in the calorific
values is expected. It is also seen that the ash value of the feed material is high.

The materials in the -1 + 0.212 and -0.212 + 0.038 mm size groups obtained from the sample of No 4
slime pond were subjected to enrichment process with the laboratory type Knelson Concentrator (KC-
MD3). Experiments were carried out with the rotation speed of 150, 430, 700, 1000 rpm, and the bed
fluidizing water flow rate of 2, 3 and 4 L/min, respectively. The overflow product (clean coal) formed
by feeding the KC at a rate of 10% solids and 0.75 L / min of flowrate was collected in a bucket and
the downstream (residue) remained in the reservoir. The contents of the bowl were taken by washing
into the bucket. After dewatering with a vacuum filter, the products were dried, weighed and analyzed
in terms of ash content.
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Combustible recovery values of the experiments were calculated using Equation 1.

€(100-c)

where C and F are concentrate and feed amount, ¢ and f are concentrated and feed ash, respectively.

%Combustible Recovery =

3. EXPERIMENTAL RESULTS

In this study, KC, which is a newcomer gravity separator, was used to clean fine coals effectively.
Although KC has not yet been applied to industrial scale for coal cleaning, different researches have
been carried out in recent years on this subject [4, 6, 9, 10, 11, 13, 16] . In this study, oxidized coal
samples from No. 4 slime pond of WLC were used. In the first tests, the sample was classified in two
different size groups which were -1 + 0.212 and -0.212 + 0.038 mm, and then the sample was
subjected to KC experiments. Experimental variables were rotation speed of the conical bowl and
flow rate of the fluid. The results obtained in these experiments are given in Figures 2 and 3.
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Figure 2. The effect of rotation speed on carbon content of -1.0 + 0.212 mm particle size group.

220



Journal of Scientific Reports

Ugar et all., Journal of Scientific Reports-A, Number 45, 215-224, December 2020.

100
90 |
80
70
60
50
40 |
30 }|—®—41/min
20
10 —&—2 |/min

0 ! ! L L L L L
0 100 200 300 400 500 600 700 800 900 1000

—— 3 |/min

Combustible Recovery (%)

Rotation speed (rpm)

Figure 3. The effect of rotation speed on combustible recovery of -1.0 + 0.212 mm particle size
group.

According to Fig. 2, the carbon content slightly increases with the increase of rotational speed of KC’s
bowl. However, the combustible recovery diminished significantly with the increase in rotation speed
and water flow rate. The increase in rotation speed causes the increase of centrifugal force. Therefore,
light particles, which are coal here, tend to remain in the bowl of knelson concentrator with the heavy
minerals. Thus the combustible recovery decreases with the increase of rotation speed (Figure 3).

Clean coal having 80.36% carbon content with 95.29% combustible recovery was obtained at 150 rpm
and 2 L/min water flow rate
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Figure 4. The effect of rotation speed on carbon content of -0.212+0.038 mm particle size group.
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Figure 5. The effect of rotation speed on combustible recovery of -0.212+0.038 mm particle size
group.

In the fine-size group of -0.212 + 0.038 mm, the values obtained were rather low with regarding to the
coarse size group even though there was a slight increase depending on the rotation speed (Fig 4). The
combustible recovery remained constant at high rates up to 430 rpm while it was decreased above it
(Fig 5). However, the combustible recovery was not significantly different at 150 rpm when compared
with the coarse size group, while the dramatic decrease was obtained after 430 rpm.

In this size group, clean coal with 55.58% carbon content and 91.66% combustible recovery was
obtained at 150 rpm and 2 L/min.

Table 3. Combined results of the sample obtained from the slime pond.

Carbon ucv
Particle size Product Weight  Content Combustible (kcal/kg)
(mm) (%) (%) Recovery (%)
+1 4.62 77.84 11.30 5521
5641
140212 Concentrate 11.05 80.36 27.92
Tailing 1.88 23.37 1.38
3606
-0.212+0.038 Co.nf:entrate 10.40 55.58 18.17
Tailing 2.50 21.06 1.65
-0.038 69.55 18.09 39.56
Feed 100.00 31.80 100.00 1603

By increasing the centrifugal force at high rotational speed, it was observed that the coal remained
between the ribs with mineral substances, in spite of the lower specific gravity. That is, the light
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particles are particularly retained due to the centrifugal force, especially at fine sizes. Thus, there was
a decrease in combustible recovery and carbon content values.

The combined mass balance of the products obtained by classification and enrichment of the slime
pond sample is given in Table 3. Table 3 indicates that the combining the concentrates of size groups
with the size fraction of +1 mm, clean coal with 70% carbon content was obtained with 57.4%
combustible recovery.

4. RESULTS

In this study, it was tried to enrich the coal sample, which was obtained from No-4 slime pond of
WLC-Turkey, by using the KC. According to the sieve analysis results of the slime pond sample, the
largest particle size is 4 mm and the ratio of material below 0.038 mm is determined as 69.66%. The
ash and upper calorific value of the sample were determined as 68.01% and 1603 kcal/kg,
respectively.

The experiments were carried out at below conditions for two samples, having the size of -1+0.212
mm with 70% carbon content and the size of 0.212+0.038 mm with 48% carbon content, by using the
KC.

Solid ratio (%): 10

Feed flowrate (L/min): 0.75
Rotation speed (rpm): 150
Water flowrate (L/min): 2

The results of the enrichment experiments conducted are summarized below:

Clean coal with 80.36% carbon content, 95.29% combustible recovery and 5641 kcal/kg upper
calorific value was obtained from the -1 + 0.212 mm while clean coal with 55.58% carbon content,
91.66% combustible recovery and 3606 kcal/kg upper calorific value was produced from the material
was -0.212 + 0.038 mm.

It was determined that a clean coal with 70% carbon content, 57.4% combustible recovery and 4807.9
kcal/kg upper calorific value could be obtained by the enrichment of slime pond samples as a whole.

It was also found that a decrease in particle size causes dramatic diminish in the carbon content of
the clean coal whilst there is no significant change in combustible recovery.
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ABSTRACT

In this study, the effects of initial pH (3, 5, 7, 9) and current density (25, 50, 75, 100, 125, 150, 175,
200 A/m?) on the removal of A", Co?*, Cr®" and Zn*'ions from metal processing wastewater by
electrocoagulation method were examined. Iron and stainless steel electrodes were used as anode and
cathode materials. All of the removal efficiencies were insignificant at the initial pH value of 1.32. As
the initial pH values were increased the removal efficiencies increased in all stages of the experiments.
With increasing the pH from 3 to 9, removal efficiencies increased from 67.4% to 99.2% for Al, from
18.1% to 99.7% for Co, and from 36.6% to 99.9% for Zn, while removal efficiencies for Cr were over
99% for each pH. Although the inital concentration of Co was relatively low, it was only removed
with over 99% efficiency at long electrocoagulation times or at relatively high final pH values. A
similar trend was determined for Zn, but this case was explained by a relatively high concentration of
Zn. While the maximum removal efficiency was achieved with a current density of 50 A/m? for Cr,
the efficiency increases were more obvious with increasing current density for Al, Co, and Zn.

Keywords: Electrocoagulation, pH, Current Density, Metal Processing
1. INTRODUCTION

Most of the metals such as aluminium, cobalt, chromium, and zinc are toxic or carcinogenic and cause
toxic effects. Therefore, it is very important to treat metal-containing wastewaters before discharging
into receiving environments.The most used heavy metal removal from wastewaters containing metal
ions is precipitation with Ca(OH),, NaOH, and coagulation with FeSO, or Al,(SO4); compounds
[1,2,3,4]. Other technologies include chemical precipitation [5], ion-exchange [6], adsorption [7],
biosorption [8] membrane filtration [9], coagulation-flocculation [3], flotation [10] and
electrocoagulation (EC) [4,11]. Although chemical precipitation of these methods seems appropriate
in terms of applicability, it produces a large amount of sludge [12]. The electrocoagulation method is
more economical because of low sludge production [11]. EC is a method that can be easily applied
without the need for additional chemicals [13,14,15]. The fact that the sludge flocs formed in this
method are relatively large, contain less bound water, and are stable, allowing them to be separated
easily by filtration [16-18]. Also, it is known that sludge flocs formed in this method are effective in
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removing the smallest colloidal particles. In most of the studies reported in the literature [11,19-24]
except that of Heidmann and Calmano [25], the metal concentrations in their wastewaters were
relatively low.

Unlike these studies, the wastewater used in the present study contained Zn in high concentrations. In
this context, this paper deals with the mechanisms influencing heavy metal removal performance from
original real wastewater by electrocoagulation method. It was studied the effects of initial pH and
current density on the removal of Al, Co, Cr, and Zn.

2. MATERIALS AND METHODS

2.1. Wastewater characterization

The wastewater samples were collected from an aluminum-zinc metal processing facility located in
Sinop city. In this facility, using the alloy obtained by adding aluminum and copper to pure zinc, the
production of the door handle, window handle, decorative aluminum products (Furniture and Table
Leg, etc.), hinges, fittings, and auxiliary accessories are carried out. Using the electro galvanizing
method, the materials produced are subjected to zinc and chromate coating to prevent corrosion that
may occur on product surfaces. The annual consumption of aluminum and its alloys are 7891 tons.
The amount of wastewater consisting of metal coating effluents is 83 m? per day. Wastewater samples
were collected from this facility and filtered through a coarse filter to separate the soluble solids
before use in experiments. The composition of the wastewater is presented in Table 1. It is pointed out
that very high zinc concentration in wastewater characterization was due to zinc solutions used
extensively in the facility.

Table 1. Composition of the wastewater.

Characteristics Value
Al (mg/L) 29.33
Co (mg/L) 37.72
Cr (mg/L) 64.89
Zn (mg/L) 2385.9
Suspended solids (g/L) 6.36
pH 1.32
Conductivity (mS/cm) 75.2

2.2. Experimental apparatus and procedure

The experiments were carried out in an 8.95 x 8.95 x 8.85 cm (width x length x depth) plexiglass
reactor. EC experiments were evaluated for 30 minutes of electrolysis time. As the anode and the
cathode, iron and stainless steel electrodes of rectangular shape with 4.5 cm width x 5.7 cm length x
0.3 cm thickness were used in all experiments. The EC reactor, which contained 3 anodes and 3
cathodes connected in monopolar parallel with a total active anode surface area of 148.60 cm?, was
connected to a direct current power source (GW GPC-3060D DC Power Supply 0-30 V, 0-6 A),
which was operated at a galvanostatic mode. In other words, even if the resistance against the current
changed, constant current flow was provided in all conditions. pH and conductivity measurements
were made with a Thermo Scientific Orion 4-Star Plus Portable pH/Conductivity Meter. The
experiments were carried out with 600 mL of wastewater at 200 rpm mixing speed. The metal oxide
layers formed on the anode and cathode surfaces during the experiments were cleaned with
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hydrochloric acid (37% HCI) and dried at 110 °C for 30 minutes. Metal analysis in treated wastewater
samples taken at 5 mL periodically was performed using inductively coupled plasma optical emission
spectroscopy (Perkin ELMER ICP-OES, Optima 7000 DV) according to the standard methods for the
examination of water and wastewater [26]. Wastewater was used in all experiments in original
conductivity (75.2 mS/cm) to prevent current resistance, which was enough for transferring the
electrons from the anode, without the addition of electrolyte was made [4]. Although the effects of
experimental parameters were determined without optimization, at the end of the experimental studies,
by using the optimum experimental values obtained for each experimental stage, the maximum
achievable removal efficiencies were determined with electrical energy consumptions.

2.2.1. Calculations
In the EC reactor, the anode and the electrical energy consumption were calculated according to
Faraday’s law [27] and (Eqg. 1) to the mathematical expression [28] given in Eq. (2), respectively.

L.tM
m = z.F.V (1)
where m is the amount of the dissolved anode material (g), | is the current (A), t is the electrolysis
time (s), M is the molar mass of aluminum and iron (g/mol), z is the number of electron transfer, F
is the Faraday's constant (96,485.34 As/mol), and V is the volume of wastewater (m°)

g=1tU 2

Where E is the electrical energy consumption, | is the current (A), t is the electrolysis time (s), U is a
voltage (v), V is the volume of wastewater (m?).

3. RESULTS AND DISCUSSION

3.1. Effect of pH

pH is a very effective operating parameter in removing pollutants in EC systems [22]. The initial pH
values ranging from 1.32 (original) to 9 were studied under constant experimental conditions (current
density: 100 A/m?, stirring speed: 200 rpm, inter-electrode gap: 0.6 cm) as shown in Fig (1-4). After
30 minutes of EC, the removal efficiencies of Al, Co, Cr, and Zn were insignificant at an initial pH of
1.32. Fig. 5 shows the variations in final pH values concerning their initial values.
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Figure 3. Effect of initial pH on Cr removal efficiency.
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Figure 5. Variations of the final pH values at the end of electrolysis time.

With the increase of the initial pH to 3, a maximum of 99.6% Cr removal was achieved in 20 minutes
of electrolysis time, while the maximum removal of Al, Co, and Zn was 68.2%, 19.6%, and 36.6%,
respectively. The highest pH increase rate was determined at an initial pH of 3, and the final pH
achieved to 6.14 after 30 min of electrolysis time. These fast increases in pH were attributed to the
occurred hydroxyl ions at the cathode, which increases the ambient pH until consumed by the Fe®*
ions formed at the anode [27]. At an initial pH of 5, over 99% Cr removals were obtained at all times
of the EC while the removal efficiencies of Al, Co, and Zn were 93.5-99.3%, 23-68%, and 31-95.2%
were achieved at electrolysis times ranging from 2.5 to 30, respectively. At an initial pH of 7, by
increasing the electrolysis time from 2.5 to 30 minutes, the removal efficiencies increased from 37.9
t0 99.1% for Al, from 31% to 94.5 for Co, from 99.6 to 99.7% Cr, and from 27.8 to 98.8% for Zn with
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electrolysis time, respectively. At the initial pH of 9, all of the metal ions were removed over 99%
over the entire EC period. At high pH, the removal of the high initial concentration of Zn with high
efficiency indicates that the hydroxide precipitation was dominant [4). Long electrolysis times were
required for Zn removal at high concentrations. This result was also observed by Chen et al. [28].
Particularly in Zn removal, it was understood that specific adsorption on Fe(OH)n flocs was effective
in combination with the hydroxide precipitation of Zn ions. The removal of Zn ions over 99% at all
electrolysis times for the first 2.5-30 minutes can be attributed to the change in the final pH between
9.1 and 10.14 in this period time since the precipitation of Zn (OH), is significant at pH 8.6 [29].
Providing high removal efficiencies at high pH indicated that metal ions were removed by
precipitation, mainly in the form of their hydroxides [19]. It was found that the initial pH and final pH
(Fig. 5) values were high enough for the metal removal, especially for Co ions. The removal of Co at
efficiencies of over 99% at an initial pH of only 9 can be explained by the precipitation in the form of
hydroxides of Co ions at final pH values of 8 to 9. Fe(OH), or/and Fe(OH); flocs in the EC cell were
found not to be significantly effective at lower initial or final pH values when removing Co at close to
an efficiency of 100%. As the time of EC increased, significant increases in the removal efficiencies
were observed at pH of 7 for Al, Co, and Zn, pH of 3 for Cr. With the increase of electrolysis time
from 2.5 to 30 minutes, the removal rates of Al, Co, and Zn were up from 37.9% to 99.1%, 31.5% to
94.5%, and 27.8% to 98.8% respectively, at pH 7, while the Cr removal increased from 46% to 99.6%
at pH 3. In varied times of EC between 2.5 to 30 minutes the electrical energy consumptions for initial
pH values of 3, 5, 7 and 9 were 0.154-1.973, 0.154-1.850, 0.164-1.973 and 0.175-2.220 kWh/m®.
Anode consumption increased from 0.107 to 1.285 kg/m® by Faraday's law, with the EC period
increasing from 2.5 to 30 minutes. The electrical conductivity values decreased from 75 to 38.9
mS/cm at initial pH values ranging from 3-9 after 30 minutes of electrolysis time. In varying times
between 2.5-30 minutes of EC, the final pH values for initial pH values of 3, 5, 7, and 9 varied
between 3.99-6.14, 5.10-6.56, 6.89-7.23, and 9.10-10.34.

3.2. Effect of current density

The current density directly affects the formation of coagulant formation rate, bubble size, and large
flocs that provide removal of pollutants [12]. To determine the effect of current density on the
removal of Al, Co, Cr, and Zn ions a series of experiments were carried out with the current density
ranging from 50 to 200 A/m? under constant experimental conditions (pH: 3, stirring speed: 200 rpm,
inter-electrode gap: 0.6 cm). The effects of current densities on the metal removal efficiency are given
in Fig. 6-9 as a function of the electrolysis time. The final pH values are shown in Fig. 10.
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Figure 6. Effect of current density on Al removal efficiency.
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Figure 7. Effect of current density on Co removal efficiency.
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Figure 8. Effect of current density on Cr removal efficiency.
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Figure 9. Effect of current density on Zn removal efficiency.

As shown in Fig. 6-9, as the current density increased, the metal removal efficiencies increased for all
electrolysis times. After 30 minutes of EC exposure with increasing current density from 25 A/m? to
200 A/m?, the removal efficiencies increased from 0.0% to 99.3% for Al, from 11% to 53% for Co,
from 44.2% to 99.7% for Cr and from 0.0% to 73.5% for Zn. As shown in Fig. 6-9, sudden increases
in the removal of Al, Cr, and Zn were observed after 30 minutes of EC exposure with increasing
current density from 25 A/m? to 50 A/m®. Al was removed above 99% at 150 A/m* and Cr was also
removed above 99% at 50 A/m?. There were no significant changes in Cr removal efficiencies
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obtained for different current densities ranging from 25-200 A/m? after 30 minutes of EC. The effect
of current density on the removal of ions other than Co was higher. Co and Zn reached their
maximums of 53% and 73.5% at 200 A/m? respectively and at 5.920 kWh/m?® and 2.570 kg/m? after
30 minutes of EC, respectively. As can be seen in Fig. 7 and Fig. 9, at initial pH 3, the high removal
of Co and Zn could not be achieved at any current density. Because the fixed initial pH value of 3
increased between 25 and 200 A/m?, in 150 A/m? and increased to a maximum value of 6.65 after 20
minutes of EC. This pH value was not sufficient to precipitate in the form of Co and Zn hydroxides.
Thus, the high initial concentration of Zn (2385.9 mg/L) in the wastewater caused low Zn removal.
Also, it was concluded that the iron hydroxide flocs formed in the EC cell were not significantly
effective for the removal of Co and Zn in high concentrations, and low removal efficiencies were due
to the relatively low final pH values achieved after 30 minutes of EC.
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Figure 10. Variations of the final pH values at the end of electrolysis times.

Fig. 10 shows the change of final pH values with current densities as a function of the electrolysis
time. The final pH values also increased with increasing the current density from 25 to 100 A/m> The
final pH changes after 100 A/m? were insignificant. In 25, 50, 75, 100 A/m?, the initial pH values
increased to 3.72, 5.17, 5.58 and 6.14, while in 125, 150, 175 and 200 A/m? had it on 6.21, 6.14, 6.12
and 5.99. The amount of anodes consumed at current densities ranging from 25 to 200 A/m? was
calculated as 0.321, 0.422, 0.964, 1.285, 1.606, 1.927, 2.249, and 2.570 kg/m? after 30 minutes of EC
period according to the Faraday law (Eq. 1) The initial electrical conductivity values of 39.2 mS/cm at
pH 3 varied from 38-39 mS/cm at current densities of 25-200 A/m? It was observed that the high
initial conductivity values of the wastewater did not affect the increase in the amount of flocs that
formed due to the increases in the current densities.

4.CONCLUSION

The removal efficiency of metal ions from real wastewater was directly dependent on the initial pH
and current density. The obtained experimental results revealed that initial wastewater pH was a
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much more effective parameter on the removal efficiencies of metal ions when compared to applied
current density into electrodes in the reactor. Despite its low concentration in wastewater, it was
difficult to remove cobalt ions efficiently except for the relatively high final pH of the wastewater,
which was due to increased hydroxyl ions with increasing electrolysis time. This means that cobalt
ions were mainly removed by its hydroxide precipitation. It was concluded that it is much more
important to provide sufficient electrolysis time rather than high current densities for achieving high
removal efficiencies. Also, the EC method can be used efficiently and economically in the treatment
of real metal processing wastewaters containing very high concentrations of metal ions as long as
sufficient electrolysis time is provided.
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ABSTRACT

In this study, the removal of chemical oxygen demand (COD) and color from textile industry
wastewater were investigated in comparison with UV, UV/H,0,, UV/Fe**, H,0,/Fe**, UV/H,0,/Fe*
processes. Initial pH, hydrogen peroxide dosage, ferrous iron dosage, and UV radiation were selected
as variables. A maximum of 95.65% COD and 98.52% color removal were achieved by the photo-
Fenton method. Another effective method was Fenton process by which 83.76% COD and 80.44%
color removal efficiencies were obtained. It was concluded that the Fe**/H,0, process (Fenton) with
UV light (photo-Fenton) can provide higher removal efficiencies in shorter process times in the
treatment of textile wastewater.

Keywords: Textile wastewater, COD, Color, Photo-Fenton, UV/H,0,/Fe?
1. INTRODUCTION

The textile industry generally creates large volumes of wastewater containing highly concentrated
organic dyes, inorganic ions such as chlorides and sulfates, soaps, oils, solvents, salts, and many other
soluble compounds. The complex structure of these wastewaters can prevent their biodegradation. For
this reason, they must be treated with appropriate methods to avoid environmental risks before being
introduced into the receiving environment [1,2]. The main source of COD and color parameters in
textile wastewater is dyestuff and polyvinyl alcohol, and they are characterized by high concentrations
of COD (150-10,000 mg/L), BOD (100-4000 mg/L), and color content (50-2500 Pt-Co). Also, these
wastewaters are considered toxic and carcinogenic [3, 4]. BOD/COD ratios of textile wastewaters are
mostly in the range of 0.1-0.25 and are resistant to biodegradation [5,6,7,8]. Physico-chemical
processes such as coagulation/flocculation, precipitation, adsorption, ion exchange, membrane
separation, and oxidation or biological methods have been applied in most cases. Because of the
toxicity possibilities of textile wastewaters, biological methods are seen inefficient especially if the
pollutants are present in high concentrations. In physicochemical methods, sludge formation occurs
relatively more [4,5]. Recently, electrochemical Technologies such as Advanced Oxidation Processes
(AOPs) have been considered as efficient and practical alternatives for the removal of pollutants from
textile wastewaters [9]. By using the hydroxyl radicals (*OH) produced in advanced oxidation
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processes, organic pollutants are converted into carbon dioxide and water quickly and efficiently [10].
Among these methods, especially H,0,/Fe** and UV/H,0,/Fe?* (photo-Fenton) processes attract
attention. In the Fenton reaction, a highly reactive hydroxyl radical is formed by the H,0, ferrous
reaction (Eg. 1). In addition, the ferric iron formed can be oxidized by H,0, to form a hydroperoxyl
radical (*O,H) (Eq. 2)

Fe?* + H,0,—» Fe** + OH"  + *OH 1)
Fe** + H,0,—» Fe’* + *O,H + H* 2

Eq. 3 shows that Fe (OH)*" complexes formed Fenton reactions can transform into hydroxyl radicals
by UV light, also ferrous ions can be occurred, which is used in fenton process. This situation creates
much less sewage sludge. Eq. 4 show that hydrogen peroxide can be convert to two hydroxyl radicals
under exposure to UV light. Thus, the efficiency of fenton processes can be improved by UV radiation
[11,12,13].

Fe(OH)** + hv —» Fe?* + *OH (3)
H,0,+ hv— 2 *OH (4)

For removing several pollutants from synthetic or real textile wastewaters, advanced oxidation
methods such as electro-Fenton (2), photo-Fenton (4), UV, UV/H,0,, UV/H,0,/Fe*" (5) ve peroxi-
coagulation were used (6). Most of them were a comparison of one or two methods. In this study,
COD and color removal from real textile wastewater by UV, UV/H,0,, UV/Fe?*, H,0,/Fe**, and
UV/H,0,/Fe** methods were investigated in detail.

2. MATERIAL AND METHODS

2.1. Wastewater Characterization

The textile industry wastewater used in the experiments was supplied from the dyeing process effluent
of an enterprise operating in the fields of printing services (including clothing) on fabrics and textile
products in the organized industrial zone of Fatsa district of Ordu. Wastewater characterization is
given in Table 1.

Table 1. Characteristics of untreated textile wastewater.

Analytical parameter Value

pH 6.8-8.2
Total suspended solids (mg/L)  77.8
Turbidity (NTU) 872
Conductivity (uS/cm) 7960
COD (mg/L) 2962-4412
Color (Pt-Co) 1426-1779

2.2. Apparatus and Procedure

All experiments were carried out in a plexiglass column with an inner diameter of 7.8 cm, an outside
diameter of 8.35 cm, and a height of 48.5 cm (Fig. 1). A 16W UV-C (254 nm) low-pressure mercury-
vapor lamp mounted in a quartz tube was placed vertically in the center of the reactor. At the base of

237



Journal of Scientific Reports

Beyazit N. and Karaca H., Journal of Scientific Reports-A, Number 45, 236-252, December 2020.

the reactor, a 2 cm vertical space was left for the magnetic stirrer to rotate. The mixing of the
wastewater in the reactor was provided by the magnetic stirrer at the bottom.

UV SOURCE «

MAGNETIC STIRRER

Figure 1. Experimental setup.

All experiments were carried out with 2.1 L wastewater volume at room temperature (22 + 2 °C).
Before each experiment, the wastewater was filtered through 2 coarse filter papers. H,SO, and NaOH
solutions were used for pH adjustments. The reactor was covered with aluminum foil to prevent light
from coming out. With the help of the tap placed in the reactor, samples of treated wastewater were
taken at certain time intervals. Final pH values were recorded after each experiment. The treated
wastewater samples taken after the experiments were centrifuged at 5000 rpm for 10 minutes to
remove the flocs. Thermoreactor (Spectroquant TR 4220) and photometer (Merck Spectroquant
NOVA 60A) were used for COD analysis. This photometer was also used for color measurements.
COD measurements were carried out according to the closed-reflux colorimetric method (5520-D).
Color measurements were made according to the visual comparison method (2120-B) [14]. H,SO,
(98%), potassium dichromate (K,Cr,O5), mercury sulfate (HgSO,), silver sulfate (Ag,SO,), potassium
hydrogen phthalate (CgHsKO,4) were used for COD analysis. Ferrous sulfate heptahydrate
(FeS0,.7H,0) was used as the Fe** source. H,0, (35%) was used in Fenton experiments. All reagents
used were analytical grade.

3. RESULTS AND DISCUSSION
3.1. UV Process
3.1.1. Effect of pH

The effect of UV was examined for a process time of 120 minutes. As can be seen from the Fig. 2 and
Fig. 3, COD and color removal efficiencies obtained at the initial pH values of 4, 7, and 10 increased
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with increases in the process time. While the maximum efficiencies achieved were 7.78%, 11.56%,
and 8.61% for COD at pH 4, 7, and 10, they were 10.50%, 13.72%, and 11.02% for color. As can be
seen from Fig. 2 and Fig. 3, pH 7 was optimal for both COD and color removal. By increasing the
initial pH from 4 to 7, the efficiency for COD increased from 7.78% to 11.56% after 120 minutes,
while for the color it was slightly increased from 10.50% to 13.72%. This indicates that initial pH is
very effective in removing COD and color removal. On the other hand, UV radiation alone was not
effective in COD and color removal from real textile wastewater. Concerning the UV effect, a similar
result was obtained in the dye removal study by Bali (2004).
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Figure 2. Effect of initial pH on COD removal efficiency in UV process.
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Figure 3. Effect of initial pH on Color removal efficiency in UV process.
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3.2. UV/H,0, Process

3.2.1. Effect of pH

The change over time of the effects of initial pH values varying between 4 and 9, in which H,0,
concentration was kept constant at 25 mM, on COD and color removal efficiencies is shown in Fig. 4
and Fig. 5. With the increase of pH from 4 to 7, COD and color removal efficiencies increased from
20.58 to 26.70%, and from 37.32 to 49.87%, respectively. Increasing pH from 7 to 9 decreased COD
and color removal efficiencies from 26.70% to 25.49%, and from 49.87% to 44.90, respectively.
Initial pH values of 7 and 9 reached 7.12 and 9.10, respectively, at the end of 120 minutes. No
significant changes occurred in other pH values.
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Figure 4. Effect of initial pH on COD removal efficiency in UV/H,0, process.
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Figure 5. Effect of initial pH on Color removal efficiency in UV/H,0, process.

3.2.2. Effect of H,0,

The change over time of the effects of H,O, concentrations varying between 5 and 100 mM, in which
pH was kept constant at 7, on COD and color removal efficiencies is shown in Fig. 6 and Fig. 7. With
the increase of H,O, concentration from 5 mM to 100 mM, COD and color removal efficiencies
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reached 33.08% and 61.21%, respectively, which are the maximum values for both. As can be seen
from Fig. 6 and Fig. 7, while the COD removal efficiencies were dependent on different H,0,
concentrations after 60 minutes, the observed dependence for color removal efficiencies was over the
entire experiment period. The initial pH value of 7 varied between 7.07 and 7.40 for 5 and 100 mM
H,0, concentrations, respectively.
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Figure 6. Effect of H,O, concentration on COD removal efficiency in UV/H,0, process.
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Figure 7. Effect of H,O, concentration on Color removal efficiency in UV/H,0, process.

3.3. UV/Fe** Process

3.3.1 Effect of pH

The change over time of the effects of initial pH values varying between 4 and 9, in which Fe** was
kept constant in 2 mM, on both COD and color removal efficiency is shown in Fig. 8 and Fig. 9.
Maximum of 44.02% COD and 55.42% color removal efficiencies were obtained at pH 4 at the end of
120 minutes, while COD removal of 43.21% and color removal of 54.86% were obtained in the first
60 minutes. By increasing the pH from 4 to 9, COD and color removal efficiencies decreased from
44.02% to 29.30% and from 55.42% to 41.09, respectively. Initial pH values between 4 and 9 changed
between 4.07 and 9.05 at the end of 120 minutes.
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Figure 8. Effect of initial pH on COD removal efficiency in UV/Fe®" process.
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Figure 9. Effect of initial pH on Color removal efficiency in UV/Fe" process.

3.3.2. Effect of Fe*

The change over time of the effects of initial Fe?* concentrations varying between 0.25 and 3 mM, in
which pH was kept constant at 4, on both COD and color removal efficiencies is shown in Fig. 10 and
Fig. 11. A maximum COD of 19.62% and 33.74% color removals obtained at the 0.25 mM Fe®*
concentration increased to 49.89% and 59.44%, respectively, by increasing the Fe?* concentration to 3
mM. The initial pH 4 value changed between 4.03 and 4.04 at the end of 120 minutes.
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Figure 10. Effect of initial Fe®* concentration COD removal efficiency in UV/Fe®" process.

60

B wu
o o

Color removal efficiency, (%)
w
o

20
10
0
0 20 40 60 80 100 120
Time, (min)

——0.25mM
—&—0.50 mM
—X—1mM
——2mM
—X*—2.5mM

—a—3mM

Figure 11. Effect of initial Fe>* concentration Color removal efficiency in UV/Fe?* process.

3.4. H,0,/Fe* Process
3.4.1.Effect of pH

The effect of initial pH values varying between 2 and 4.5 on COD and color removal efficiencies by
keeping the 60 mM H,0, concentration and the 2 mM Fe?" concentration constant (H,0,/Fe** molar
ratio: 30) is shown in Fig. 12 and Fig. 13. The maximum COD of 83.76% and color of 80.44% were
obtained in the first 30 minutes at pH 2. With increasing pH from 2 to 4.5, COD and color removal
efficiencies decreased to 48.54% and 55.42%, respectively, after 30 minutes. Initial pH values varying

between 2 and 4 varied between 2.09 and 4.56.
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Figure 13. Effect of initial pH on Color removal efficiency in H,0,/Fe®" process.

3.4.2. Effect of H,O,

The effects of H,O, concentrations varying between 5 and 100 mM on COD and color removal
efficiencies by keeping the pH 2 and 2 mM Fe?" concentration constant are shown in Fig. 14 and Fig.
15. As can be seen from Fig. 14 and Fig. 15, COD removal of 83.76% and color removal of 80.44%
was obtained at H,O, concentration of 60 mM in the first 30 minutes. The efficiencies obtained with
50, 75 and 100 mM H,0, in the first 30 minutes were 78.38%, 76.34%, and 72.71% for COD, while
these values were 77.87%, 67.72%, and 59.25% for color removal. The results indicated that the
H,0,/Fe*" molar ratio should be at least 25 (50 mM H,0,/2 mM Fe2+) in the conditions of this study.
Initial pH values of 2 varied between 2.08 and 2.10 at the end of 120 minutes.
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Figure 14. Effect of H,O, concentration on COD removal efficiency in H,0,/Fe?* process.
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Figure 15. Effect of H,0, concentration on Color removal efficiency in H,0,/Fe? process.

3.4.3. Effect of Fe*

The effects of Fe** concentrations varying between 0.25 and 3 mM, in which pH was kept at 2 and
H,0, was kept in 60 mM, on both COD and color removal efficiency are shown in Fig. 16 and Fig.
17. The maximum of 83.76% COD and 80.44% color removal efficiencies obtained at Fe*
concentration of 2 mM decreased to 76.54 for COD at the end of 30 minutes when the Fe*
concentration was increased to 3 mM and decreased to 67.81 for color. Initial pH 2 value varied
between 2.03 and 2.02 at the end of 120 minutes.

245



Journal of Scientific Reports

Beyazit N. and Karaca H., Journal of Scientific Reports-A, Number 45, 236-252, December 2020.

——0.25mM
——0.50 MM
—Xx—1 mM
—o—2 mM
—X%—2.5mM

—a—3mM

COD removal efficiency, (%)

0 20 40 60 80 100 120
Time, (min)
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Figure 17. Effect of Fe?* concentration on Color removal efficiency in H,0,/Fe?".

3.5. UV/H,0,/Fe?* Process

3.5.1. Effect of pH

The effect of initial pH values varying between 2 and 4.5, in which H,0, was kept constant in 60 mM
and Fe?* was kept in 2 mM, on both COD and color removal efficiencies is shown in Fig. 18 and Fig.
19. COD of 49.86% and color of 53.21% removal efficiencies at pH 2 in the first 3 minutes,
increased to 71.27% and 82.74%, respectively at the end of the 5 minutes. While the maximum values
of 88.60% and 93.95%, of COD and color, are reached after 60 minutes, these values decreased to
79.57% and 83.42 when the pH increased from 2 to 4.5. Initial pH values between 2 and 4.5 varied
between 2.08 and 4.53 in parallel with increasing pH values.
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Figure 18. Effect initial pH on COD removal efficiency in UV/H,0,/Fe** process.
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Figure 19. Effect initial pH on Color removal efficiency in UV/H,0,/Fe?* process.

3.5.2. Effect of H,0,

The effects of H,O, concentrations varying between 5 and 100 mM, in which pH was kept at 2 and
Fe?" was kept in 2 mM, on both COD and color removal efficiencies are shown in Fig. 20 and Fig. 21.
By increasing the H,O, concentration from 5 to 50 mM, COD removal efficiency increased from
42.29% to 90.30% in the first 60 minutes and color removal increased from 57.79% to 95.83% at the
end of the same period time. With increasing the concentration to 100 mM, the efficiencies increased
to 84.87% and 92.86% for COD and color, respectively. No significant differences were determined
after the first 60 minutes between efficiencies achieved with H,O, concentrations other than 5 and 10

mM. The initial pH of 2 varied between 2 and 2.08 for 5 and 100 mM H,0, concentrations,
respectively.
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Figure 20. Effect of H,O, concentration on COD removal efficiency in UV/H,0,/Fe** process.
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Figure 21. Effect H,O, concentration on Color removal efficiency in UV/H,0,/Fe** process.

3.5.3. Effect of Fe?'

The effects of Fe?* concentrations varying between 0.25 and 3 mM, in which pH was kept at 2 and
H,0, was kept in 50 mM, on both COD and color removal efficiency are shown in Fig. 22 and Fig.
23. Maximum COD and color removal efficiencies of 95.65% and 98.52% were achieved in the first
60 minutes with 3 mM Fe®* concentration. Fe®* concentrations of 0.25 and 0.50 mM were not
sufficient for COD removal. While relatively high Fe?* concentrations were required for high COD
removals, this was not determined for color removal. For example, the COD and color removal
efficiencies of 95.65% and 98.52%, respectively, at a concentration of 3 mM Fe?" at the end of 60
minutes were 59.97% and 82.36%, respectively, at 0.25 M Fe®* concentration. The initial pH 2
changed between 2 and 2.03. By examining all experimental conditions, pH: 2, H,0,: 50 mM, Fe?": 3
mM, and process time: 60 minutes were determined as optimum operating conditions.
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Figure 22. Effect Fe?* concentration on COD removal efficiency in UV/H,0,/Fe** process.
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Figure 23. Effect Fe** concentration on Color removal efficiency in UV/H,0,/Fe*" process.

3.6. Comparison of Processes

Under the optimum conditions determined for each process (UV: pH 7; UV/H,0,: pH 7 and 100 mM
H,0,; UV/Fe®*: pH 4 and 3 mM Fe®*; H,0,/Fe?": pH 2 and 60 mM H,0,; UV/H,0,/Fe*": pH 2, 50
mM H,0, and 3 mM Fe?*) obtained COD and color removal efficiencies are given in Fig. 24 and Fig.
25, respectively. As can be seen from Fig. 24 and Fig. 25, a maximum of 95.65% COD and 98.52%
color removal efficiencies were obtained at the end of 60 minutes by the photo-Fenton method. It was
understood that a combination of UV radiation with Fenton process caused an increase of 9.99% and
18.08%, respectively in 83.76% COD and 80.44% removal efficiencies obtained by Fenton process.
In the H,0,/Fe?* process, the decreases in COD and color efficiency after 30 minutes indicated that no
H,0, could react and the remaining FeZ* ions created color and COD. Also, the UV process was not
effective alone. UV/H,0, and UV/Fe?* processes were relatively efficient only in color removal.
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4. CONCLUSION

e UV process alone was not effective in COD and color removal. Maximum of 11.56% COD and
13.72% color removal efficiencies were achieved at the optimum conditions.
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While UV/H,0, process achieved a maximum of 33.08% COD and 61.21% color removal efficiency,
a maximum of 49.89% COD and 59.44% color removal efficiency were achieved with the UV/ Fe**
process.

While the maximum COD and color removal was 83.76% and 80.44% in the first 30 minutes in the
Fenton process, these values were reached in a short time like 10 minutes in the photo-Fenton process.
For the photo-Fenton process, a maximum of 95.65% COD and 98.52% color removal efficiencies
were achieved within 60 minutes.

In UV, UV / H,0,, UV/Fe*, H,0,/Fe®*, and UV/H,0,/Fe*" processes, maximum COD and color
removal efficiencies were achieved at ph values of pH 7, 7, 4, 2, and 2, respectively.

It has been determined that the textile wastewater treated only with the photo-Fenton method met the
COD and color discharge standards of Water Pollution and Control regulation in force in our country.
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ABSTRACT

Medicinal aromatic plants, which are source of secondary metabolites, have been used for treatment
and other purposes since ancient times. In recent years, people have preferred medicinal and aromatic
herbs to be healthy. Plant tissue culture methods have the potential to produce medicinal compounds
such as secondary metabolites from plants as an alternative to traditional agriculture. Increasing
population and increasing demand for herbal products, unconscious collection and illegal trade cause
the extinction of medicinal plants in natural habitats. Therefore, it is important to cultivate medicinal
and aromatic plants to protect biodiversity and endangered species.
As a result, plant tissue culture methods are an alternative way for propagation of medically and
economically important plants, the production of bioactive components for the pharmaceutical
industry, and the production of medically important secondary metabolites.

Keywords: Cultivation, Medicinal and aromatic plants, Plant tissue culture, Propagation, Secondary
metabolite.

1. HISTORICAL DEVELOPMENT, DEFINITION AND USE OF MEDICINAL AND
AROMATIC PLANTS

Medicinal and aromatic plants undoubtedly have been widely used in many fields such as food, paint,
cosmetics, perfume and medicine for centuries. In traditional systems, drugs have been obtained using
various plant species grown in different parts of the world. Medicinal plants have been intriguing for
humans since ancient times, and the first humans often used aromatic herbs. Medicinal and aromatic
plants were frequently used in the prevention and treatment of diseases in traditional medicine during
the Neolithic periods, and medicinal plants still continue to be the main types of drugs used in the
world. Information about medicinal plants used by humans for therapeutic purposes in ancient times
has been transferred to this day and this information is still valid today. Despite the decrease in
interest in medicinal plants with the production of synthetic drugs in the 20" century, medicinal
products of herbal origin regained importance towards the end of the 20" century [1-6,7].

In ancient times, people were in search of medicine in nature to combat diseases. Since there was not

sufficient information about diseases and treatment methods with plants at that time, people learned
how a plant could be used in treatment by experience [8,9]. In 3000 B.C., Egyptians used 500 wild
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and cultured plant species in medicine and thus “Phytotherapy”, namely, treatment methods using
plants, emerged. However, in 2700 B.C., people in China used cinnamon and the Ancient Greeks
referred to the spices as "fragrant aromatic herbs". In the past, methods of obtaining ethereal oil from
fragrant plants were developed by humans. In fact, methods of obtaining rose oil were mentioned in
ancient sources and in 3500 B.C., people obtained dye from plant roots. More than 600 medicinal
plants were examined in a study of 5 volumes titled “De Materia Medica” by Dioskorides, and the
use, side effects, dosages and plant growing techniques of drugs were discussed in detail. Some of the
drugs that Dioskorides studied are still used today [2,6,10,11]. Medicinal and aromatic plants are
generally defined as herbal medicines used as components of natural health products in such areas as
pharmacy, cosmetics, nutrition, medicine and perfumery. Medicinal and aromatic plants can also be
defined as plants used to prevent diseases, maintain a healthy life and cure diseases [12-15]. The use
of herbal medicines is growing rapidly in developed countries and complementary-alternative
medicine and herbal medicines are widely used by people with higher education and income levels.
With the rapid growth of the population in recent years, people prefer herbal remedies or products to
improve their health conditions. Approximately 40% of the compounds used in the pharmaceutical
industry are obtained from plants directly or indirectly. Medicinal plants are globally valuable herbal
resources, and the majority of these plants are obtained by harvesting from nature and some by
cultivation. Therefore, many plant species showing medicinal properties are threatened with extinction
due to excessive collection from nature [9, 16-18]. In the last century, as well as the rapid
development and increasing side effects of synthetic substances, the advances in knowledge of
chemistry and biology, which allow new molecules to be isolated from plants, animals and
microorganisms, have led to increased interest in traditional medicines today. With the growing
demand from consumers for herbal medicines, natural health products and secondary metabolites, the
use of medicinal plants is growing rapidly worldwide. The use of medicinal plants has become
important in recent years due to their low side effects [7,18,19,20].

2. CULTIVATION AND PROPAGATION OF MEDICINAL AND AROMATIC PLANTS IN
TURKEY AND IN THE WORLD

Located in the temperate zone, Turkey, with the influence of geographical factors, is rich in plant
diversity compared to many other countries and the number of plants distribution in Turkey is close to
the number of plants distribution in the whole of the European continent. People have used plants for
various purposes since ancient times, especially for their health benefits and especially since the
1990s, demand for medicinal and aromatic plants has increased. Many plant types widely used in
Anatolia are still used as therapeutic today [10,11,21,22,23]. However, significant parts of medicinal
and aromatic plants in the world and in our country are collected from nature, and the rest are
cultivated. Although some of the economically important medicinal and aromatic plants used in many
fields can be produced easily, there are difficulties in production of some. Thus, only approximately
10% of these plants are cultivated. In Turkey, also the plant cultivation rate is not adequate [14,24].
Accordingly, production area and production amount of medicinal and aromatic plants in Turkey are
given by years in Table 1 [25]. According to Table 1 showing the production area and production
amount of some medicinal and aromatic plants in Turkey between 2012-2018, opium poppy ranks
first among cultivated plants as of 2018 with 26 991 tons of production, followed by thymus with 15
895 tons of production and rose with 14 773 tons of production respectively.

It is stated that 28,187 plant species are used medically in the world; however, only 4478 of the
species used in plant-based medicines are shown in the publication as a medicinal regulatory. The
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global herbal medicine market is growing rapidly every year. Today, commercial production of some
anticancer drugs from herbal sources is carried out successfully [6,26]. Worldwide, the production
amounts of medicinal and aromatic plants cultivated for commercial purposes in 2017 and the
producer countries are given in the FAO statistics. According to the production amounts of medicinal
and aromatic plants worldwide are examined, garlic, ginger, anise, badian, fennel, coriander are
among the top places. On the other hand, when the producer countries are evaluated, India and China,
which are rich in biodiversity, are at the forefront (Table 2) [27].

Table 1. Production area (decare) and production amounts (ton) of some medicinal and aromatic
plants in Turkey by years [25].

Item Unit 2012|2013 |2014 |2015 |2016 |2017 |2018
Area 194430 |152431 |140506 |138118 |136552 |121833 |124455
Anise (Decare?
E’Trg‘r’];““o“ 11023 |10046 [9309 |9050 |9491 |8418 |8664
(A[;‘Ziare) 04283 89137 92959 104863 |121127 |121472 |139061
Thyme quct
(PTrgn;‘C“O“ 11598 [13658 |11752 12992 |14724 |14477 |15895
Area 2299 3261 1717 4681 23160 |[32560 |[33864
Black (Decare)
Cumin ;
Production {159 352 140 425 2527  |3094  |[3322
(Ton)
(A[;‘;iare) 15775 |13848 |15848 |15512 |17503 |[16525 |23400
Fennel :
Production | 1065|1904 |2089 |1461 |2464 |2022  |3067
(Ton)
Area 11 11 11 150 503 410 405
. (Decare)
Coriander Producti
roauction —f 4 1 1 11 42 29 29
(Ton)
Area
Caper (Decare) i i 15 15 3 i i
P Production | ) ) ) ) ) )
(Ton)
Opium (A[;‘;iare) 135106 [322773 [266212 [615919 (299217 |237314 |451226
poppy ,
(Capsule) E’Trg‘r’];’“"’“ 3497  |19244 16223 30730 |16550 |13836 |26991
Area
3 3 3 0 5 5 5
Stinging (Decare)
nettle Production 1545|042 |o42 |o 1 1 1
(Ton)
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Area 54 30 130 536 3681 [4123  |3951
(Decare)
Sage tea Producti
roauction {7 4 19 80 411 557 428
(Ton)
Area 30832 |28012 |28359 |28243 |20753 |33277 |34205
. (Decare)
Rose (Qil) Producti
(Trgn;’c 10N 110225 |[10769 |10831 |9483 |12267 |13372 |14773
Area 509 709 3189 [3218 |5700 |6606 |8684
(Decare)
Lavender Producti
roduction {454 105 297 400 747 845 1040
(Ton)

Table 2. Production amounts (ton) of some medicinal and aromatic plants in the world in 2017 [27].

Items Area Production amount (ton)
. . India 646 000
Anise, badian, )
fennel, coriander Mexico 132 565
’ Iran 64 788
Cinnamon Ind_onesia 87 130
(canella) Chlna 79 486
Viet Nam 37126
China 22 160 465
Garlic India 1693 000
Bangladesh 425 401
India 1070 000
Ginger China 557 303
Nigeria 349 895
Jojoba seed
Mexico 143
Brazil 619 003
Maté Argentina 290 950
Paraguay 105 005
Nepal 159 710
Mustard seed Canada 121 600
Russian Federation 98 319
Pepper Viet Nam 252 576
(piper ssp.) Indopesm 87 029
Brazil 79 371
Peru 78 657
Quinoa Bolivia 66 792
Ecuador 1286
Madagaskar 3227
Vanilla Indonesia 2 402
China 662
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3. PROPAGATION OF PLANTS CONTAINING SECONDARY METABOLITES WITH
PLANT TISSUE CULTURE METHODS

It is important to have knowledge the chemistry and biology of the active substances of medicinal and
aromatic plant species that have economic value today and to produce these plants. With the increase
in the consumption of natural products all over the world, there are difficulties in obtaining sufficient
amount of herbal raw materials. Plant metabolites can be isolated from plants grown in nature but
some problems are also encountered in obtaining secondary metabolites from plants grown in natural
environment. Some of these problems can be listed as climatic factors, the risk of extinction of the
plant generation, the inability to obtain sufficient secondary metabolites and inability to provide a
drug of high quality and efficiency [28-30,31]. Important medicinal plants can be propagated by plant
tissue culture methods. In addition, plant tissue cultures are a promising strategy especially in rare or
endangered species or in plants producing secondary metabolites that are difficult to propagate.

In recent years, interest in plant tissue cultures has increased in various countries of the world.
Advances in this technique contribute to the solution of problems related to subjects such as
physiology, biochemistry, cytology, genetics and molecular biology in plants [17,18,28,30,32-33].

Plant tissue culture methods have great industrial importance in plant propagation, conservation of
plant resources and production of secondary metabolites in recent years. This methods offers new and
sustainable opportunities in solving numerous problems in the field of medicinal plant breeding and
conservation biology [5,23,28,34,35]. Secondary metabolites are compounds that are not a direct
metabolism product in plants but appear as by-products, are produced by plants and do not have a
direct relationship with the plant's primary metabolism, but are produced to the organism advantage
and essentially have very important roles in plants. Secondary metabolites defend plants against
microorganisms, insects, herbivores and even other plants. In addition, secondary metabolites have an
ecological role in nature. They function as substances that attract animals that assist in pollination or
seed distribution [2,32,34,36,37]. Plants, used in pharmacy, agriculture, food additives and as bio
pesticide, are main materials constitute an important source of secondary metabolites.

In previous years, secondary metabolites were obtained by isolating from plants. After the 1970s, cell
cultures followed by tissue culture methods began to be used to produce secondary metabolites under
in vitro conditions. Plant secondary metabolites are used directly or indirectly in many industries,
especially in the pharmaceutical and food industry [5,32,36,38,39]. With the rapid increase in the
world population, excessive pressure on the existing arable lands has caused disappearance of the
natural habitats and it has become increasingly difficult to obtain plant-derived compounds. Plant
secondary metabolites can be produced by in vitro callus induction, cell suspension cultures and organ
cultures. As an alternative for secondary metabolite production, plant cells and organ cultures have
been developed. The advantages of production of secondary metabolites with plant tissue culture is
desired production at desired time, uniform quality product in a short time, independent production
throughout the year regardless of climatic conditions, conservation of wild species at risk of extinction
and production of novel compounds. New plant compounds that are not normally found in natural
populations of certain species can also be isolated by plant tissue culture methods. Sustainability of
important medicinal plant species for future can be achieved by reducing the dependence on the
natural population by producing these compounds by in vitro culture methods. [30,40-43].
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Commercial production of some secondary metabolite products from plant cell and tissue cultures has
successfully been carried out recently. Therefore, the selection of a suitable species and organs is
necessary for induction of in vitro callus, cells or organs. Cell and organ cultures are started by
selecting a mother plant with a high amount of secondary metabolites. In fact, plant tissue cultures are
an alternative and effective technique in the production of bioactive compounds, and the amount of
secondary metabolites produced in this technique is higher than the mother plant [5,30,38,41,42,44].
In a study by Kumar et al. [45], it was determined that the amount of secondary metabolites in the
plantlets grown in vitro of Swertia chirayita plant is higher than in vivo plantlets. Fritillaria
unibracteata was rapidly propagated directly from small cuttings of the bulb by organ culture
technique. Compared to natural wild growth conditions, the growth rate was about 30-50 times higher
and alkaloid and useful microelements content were higher than these found in wild bulbs [46]. Thus,
the controlled production of secondary metabolites with plant cell and tissue cultures, are numerous
benefits in is highly promising [28].

4. STRESS FACTORS IN PLANT TISSUE CULTURES

Secondary metabolite production from medicinal plants has accelerated in the last decade. In land
conditions, both internal factors such as the genotype, plant organ and age of the plant, and external
factors such as photoperiod, temperature, soil type, light intensity and wavelength, and amount of
water available and climatic conditions affect the concentration and content of compounds obtained
from medicinal plants. The reaction of plants to stress factors varies depending on the intensity and
duration of stress [30,36,47,48]. The above-mentioned factors may also affect the content of medicinal
plants produced in vitro. In a study by Kapoor et al. [49], it was revealed that the quality of light in
callus cultures of the medicinal plant Rhodiola imbricata is an important factor in the growth rate of
callus biomass and in the production of industrially important secondary metabolites. Biomass and
alkaloid production of Catharanthus roseus increased by the inclusion of 200 mg/L tryptophan or
phenylalanine as a nitrogen source in the B5 nutrient medium with a pH of 5.82 [50].

The response of plants to abiotic stress factors consists of four stages in general: 1- Initial alarm phase,
2- Acclimation phase, 3- Maintenance phase and 4- Exhaustion phase (Figure 1) [51]. Plant response
to stress is a dynamic process that is dependent on stress intensity and stress duration. Plant's response
to stress can be distinguished several stage: An initial alarm phase, when stress in plant causes a
shock effect, stress tolerance level of plant decreases and stress-responsive signalling pathways are
stimulated; biosynthesis of various stress-protective proteins takes place and plant stress tolerance
level increases during acclimation phase; homeostasis is maintained and plant stress tolerance level
remains constant during the maintenance phase; plant stress tolerance level declines during exhaustion
phase and if stress application takes too long, the plant maintains stress-induced homeostasis will fail
(Figure 1).

258



Journal of Scientific Reports

Afkan, B.,, Journal of Scientific Reports-A, Number 45, 253-266, December 2020.

Non-stres Stress Recovery

Tolerance level Alarm Acclimation Maintenance Exhaustion
maximum
A

» <
><¢

new standard
Stress

standart new standard

Restitution
new standard

minimum

Acute damage Chronic damage
Stress duration

>
>

Figure 1. A generalized scheme of plant responses to abiotic stress factors [49].

Secondary metabolites production, role in plant defence and whose synthesis is triggered by stress
factors such as climatic factors, drought, light and microbial activities, can be increased in plant tissue
and cell cultures by factors defined as stimulants (elicitor). Elicitors can be used for triggering the
secondary metabolic pathway in plant cell. Elicitors can be divided into biotic and abiotic. For this
purpose, biotic and abiotic stimulants indicated in Figure 2 can be used. Abiotic stimulants consist of
substances of non-biological origin and can be grouped as physical, chemical and hormonal factors.
Biotic stimulants are substances of biological origin like are polysaccharides, proteins, glycoproteins,
bacteria, fungi and yeasts [52-57].
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Figure 2. Classification of biotic and abiotic elicitors in plants [50].

Yamaner et al. [58] indicated that mannan and pectin added to the MS nutrient medium stimulate of
hypericin biosynthesis in Hypericum adenotrichum seedlings. Accordingly, the production of
pseudohypericin was increased by 2.8 times and the production of hypericine was increased by 1.7
times with the treatment of varying levels of mannan. Pectin treatment stimulated pseudohypericin
production up to 4.8-fold and hypericine production up to 2.7-fold. It was revealed by the study that
these elicitors can be used in the secondary metabolites production in Hypericum adenotrichum plant.
Also, Yu et al. [59] indicated that jasmonic acid is an effective elicitor for secondary metabolite
production. Thus in their study 1.0-5.0 mg/L jasmonic acid, strongly promoted total ginsenoside
content and ginsenoside productivity. In vitro cultures of Merwilla plumbea, the nutrient medium
containing 100 mg/L yeast extract (YE) stimulated the accumulation of total phenolic substances in
the roots, followed by 100 mg/L yeast malt broth (YMB) in shoots [60]. A¢ikg6z et al. [61] reported
that different concentrations of methyl jasmonate and salicylic acid treatments increased the the
camphor and phenolic compounds accumulation. The highest amount of camphor accumulation was
seen in cells treated with 100 uM MeJA (0.3449 pg/g) and 50 pM SA (0.3816 pg/g). Sutini et al. [62]
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demonstrated that with the addition of cobalt metal ion elicitors to the nutrient medium, the secondary
metabolite of cinnamic acid was obtained in the Camellia sinensis by 11.9%.

5. CONCLUSION

There are many plant species with medicinal value in the world. Collection and export of some plant
species for medicinal purposes destroy the flora and threaten some of the plant species [63]. Demand
for herbal products has increased rapidly in past three decades due to the low side effects of herbal
medicines [64]. Medicinal and aromatic plants are herbal sources preferred by the majority of the
world population for a healthy life and are also used as a preventive and therapeutic treatment [65].
Plant tissue cultures methods play an important role in obtaining secondary metabolites from
medicinal and aromatic plants and meeting the growing demands of the pharmaceutical industry in an
environmentally friendly way. Plant tissue culture techniques are often used for large-scale production
of secondary metabolites in plant species that are often difficult to cultivate or of medicinal
importance. However, tissue culture methods also play an important role in conserving biodiversity
and propagating rare endangered plant species [66].

In vitro propagation has an important potential for the production of high quality medicinal products.
Despite the fact that endangered medicinal plants are protected by in vitro propagation, many plant
species of medicinal importance are unconsciously exploited by the pharmaceutical industry. In order
to reduce the pressure caused by excessive collection of medicinal plants from nature and to produce
metabolites effectively, these plant species should be cultured quickly and studies on in vitro
production should be increased.
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ABSTRACT

The effect of telomeres on aging and cancer is very important. Telomere is a necessary structure for
the continuous preliferation of human cells and is vital for most cancer cells. Telomeric structures
located at the ends of the chromosomes consist of TTAGGG repeat units. Telomere terminal
transferase is the enzyme responsible for telomere synthesis. It is also a large enzyme complex.
Reverse transcriptase provides activation by strengthening the wearing parts after high telomere loss.
In addition, it has been suggested that there are cancer cells that do not have telomerase activity but
are able to extend the length of telomeres. In the timeframe of cellular division, telomerase enzyme
can repair these errors if telomere sequences are lost. In cases where it is not repaired, the protection
of these areas is eliminated. Thus, shortening occurs at the ends of the chromosomes. It has been
researched by scientists that this shortening causes cellular aging. Reverse transcriptase enzyme has
been reported to cause tumorigenic transformation of human epithelial cells and fibroblasts by
cooperating with a number of oncogenes and suppressing several tumor suppressor genes. Studies on
telomere shortening prove that this enzyme can have a strong effect in the treatment of cancer and is
an important development for many patients who are expecting hope. Studies conducted in recent
years are among the ideas that the structures and telomerase activity of telomere regions play an active
role in cell aging and cancer formation. In the light of all these data, there is not a complete solution of
aging, but studies are still ongoing today and major steps have been taken regarding cancer treatment.
In this review, the definition of telomeres, their purpose, measurement methods and current studies are
given.

Keywords: Telomere, Telomerase, Cancer, Aging
1. INTRODUCTION

Hermann J. Muller described the expression of telomere for the first time by studying the Drosophila
melanogaster chromosome in 1938 and examined the structural changes that occur after X radiation
and the frequency of these changes. As a result of these examinations, it was observed that deletions
and inversions occurring at the ends of the chromosomes were less common. In further studies, it has
been observed that the broken-ended chromosomes coalesce easily and the telomere structures of
normal chromosomes are stable. As a result, it has been accepted that there are special terminal
structures that allow chromosomes to form integrity [1].
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Telomeres are nucleoprotein structures that prevent the ends of chromosomes from being recognized
as DNA breakage and function to maintain genome stability [2,3,4]. Mammalian telomeres are
composed of repeats of the TTAGGG DNA sequence linked by a six protein complex called shelterin.
Due to the recent replication problem [5] telomeres shorten with each cell division, leading to
progressive telomere wear that is considered one of the mechanisms underlying organmal aging [6,7].
When telomeres are critically shortened, they trigger a persistent DNA damage response in cellular
aging or apoptosis at chromosome ends [8], ultimately compromising the regenerative capacity of
tissues [9].

Telomeres are heterochromatic areas that are located at the ends of chromosomes of eukaryotic
organisms and consist of specialized DNA repeat sequences [10,11]. It consists of subtelomeric region
and main telomere DNA. The main telomeric region is 10-15 kb in length in humans [12] and is the
continuation of the subtelomere. The main telomere region consists of telomere DNA consisting of
repetitive sequences and telomere-bound structural proteins. The feature that separates telomeres from
the rest of the chromosome; It is the loss and regaining of telomeric DNA due to the cell cycle, which
is called ‘telomere dynamics'. In human somatic cells, telomere dynamics proceed negatively. The
telomeric DNA lost by the cell in each cycle is more than the telomeric DNA to be synthesized again
[13].

Thirty years ago, the classic view was that telomeres retain the natural ends of linear chromosomes
and that telomerase is a specific telomere-terminal transferase required for the replication of
chromosome ends in unicellular organisms. Although this concept is still valid today, many different
areas related to telomeres and telomerase have matured significantly. These areas include the
discovery of many of the key molecular components of telomerase, the limitations of cellular
replication, the identification and characterization of human genetic disorders that cause premature
telomere shortening [14].

It is known that telomeres are resistant to exonuclease and ligases, play a role in the stability of
chromosomes, but also play a role in nuclear construction and gene expression. In addition, telomeres
prevent chromosome ends from sticking to each other by ensuring the completion of replication [15].
Telomeres protect chromosomes from being detected as damaged DNA and from recombination and
splicing;ensures full replication, functional organization of chromosomes in meiosis and nucleus; it
also acts as a molecular clock to determine a cell's division capacity [16-18].

2.STRUCTURE AND SUB-UNITS OF THE TELOMERASE ENZYME

The structure responsible for telomere synthesis is called telomerase (telomere terminal transferase or
reverse transcriptase) enzyme [1]. Telomerase is a reverse-transcriptase synthesized from a single
strand of telomeric DNA consisting of a combination of RNA and protein. However, it is also a large
enzyme complex [19]. Telomerase is a ribonucleoprotein complex containing a catalytic core,
telomerase reverse transcriptase (TERT) and non-coding human telomerase RNA (hTR) that serves as
a template for the insertion of telomeric repeats at chromosome ends [20]. The telomerase enzyme has
three components. These are: Telomerase RNA subunit (TR), Telomerase protein component (TP1),
Telomerase catalytic subunit (TERT) [21].

Telomerase RNA subunit (TR) differs from other terminal transferase enzymes in that it uses its own
RNA subunit as a template. This subunit is transcribed by RNA polymerase Il and is used as a
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template for attachment and reverse transcription to telomere DNA on the side close to its 5-end. For
this, it is thought to be suitable for anti-telomerase therapy [22]. The telomerase protein component
TP1 is the regulatory component of the telomerase enzyme and binds specifically to the RNA subunit
of telomerase. It is thought to be ineffective in controlling telomerase enzyme activity. The catalytic
subunit of telomerase (TERT) is the portion of telomerase with reverse transcriptase activity. Cancers,
through TERT activation or alternative telomere elongation, require telomere maintenance
mechanisms for their unlimited potential for division [23]. Complementary bases are added by TERT
in accordance with the mold. The mold part of the TR is attached to the telomere, resulting in long
telomere length [24]. TERT is generally similar in all living things, but it is known that there are some
differences between them. Telomerase has emerged as an important primary target in anticancer
therapy. It is a distinctive reverse transcriptase enzyme that elongates telomere length at the 3
‘chromosome end and uses domains containing telomerase reverse transcriptase (TERT) and
telomerase RNA template. Telomerase is a contributing factor to human health and has a vital role. It
mainly affects cell aging and cell proliferation. Because of its unique feature, it provides unlimited
cell proliferation in malignancy and plays a major role in cancer [25]. The complex called reverse-
transcriptase in humans has two subunits that are important for telomerase activity: human telomerase
RNA (hTER),and human telomerase reverse transcriptase ("nTERT) [12,26,27].

The gene encoding "h-TERT", which is the catalytic subunit of telomerase, was cloned in 1997 and is
known to contain 7 exons. The first exon is specific to telomerase, while others are similar to those of
other reverse transcriptase [28]. The strong link between telomerase activity and the expression level
of the gene encoding "h-TERT" suggests that "h-TERT" may be responsible for regulation of
telomerase activity [29]. Control of telomerase activation in humans has been recognized only at the
level of hTERT, as other components are expressed repeatedly [30]. hTERT is the main mechanism in
the regulation of telomerase activity. While it negatively regulates the transcription factors p53, IFNa
and TGF-B hTERT, it has been reported to positively regulate Human Papilloma Virus 16E6 and
estrogen [30-32].

The human telomerase RNA component (hTER) acts as a template for the synthesis of telomeric
repeats with 1-6 5-CUAACCCUAAC-3 'sequences at the 5' end. The hTER gene is the only duplicate
gene located in the 3926.3 region. Recent studies have shown that hTER can act as an oncogene
[33,34].

2.1. Working Principle of Telomerase Enzyme

During cell division, an exception occurs at the ends of the linear chromosome in the telomeric region
of the chromosome [35]. During cell division, DNA polymerase does not start DNA synthesis
directly. Replication occurs from the top 5 to the top 3, but can occur with a pre-RNA fragment of 8-
12 bases. This fragment is called "RNA Primer". In order for the DNA polymerase to bind, the RNA
primer forms a 3'-OH group. As a result, DNA polymerase; it continues its reading in the batch and
continuously synthesized yarn. Since the resulting DNA moves in the 3-way direction, after the RNA
is removed, there will be an unfilled portion at the 5-top end of the new double-stranded DNA
molecule. This part cannot be cured by DNA polymerase. As a result, the chromosome will
theoretically shorten to the length of the RNA primer at the end of each synthesis. Telomerase
prevents telomere shortening by attaching to the ends of chromosomes after cell division takes place.
Hydrogen bonds are formed between strings curling in the shape of a "hairpin” and mutually lined
guanosines. The free 3'-OH end required for DNA polymerase | to fill the gap is formed when the
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RNA primer is removed. The hairpin structure is then broken and DNA loss after the cell cycle is
prevented [35].

2.2. Telomerase Measurement Methods

It is known that there are more than one method to determine telomerase activity. The first known
method is TRAP (Telomeric Repeat Amplification Protocol) method, which is the reproduction of
telomeric repeats based on PCR. Kim et al started using this method in 1994. After the TRAP method
was started to be used, it turned out that this method was not sensitive enough and after it did not give
reliable results, the positive and negative results could not be fully evaluated. Determination of
telomerase activity in tissues has enabled the investigation of telomerase expression in more than one
cancer type with the development of the method. In order to overcome the difficulties faced, TRAP-
eze and TRAP-eze-Elisa kits, which are improved versions of this method, have been used [36].

PicoGreen method is a method developed by Gelmini et al. In 1998. PicoGreen used in naming this
method is a fluorescent dye and is based on selectively binding to double stranded DNA. "Stretch-
PCR™ method is used for the growth of telomerase product [37].

The Transcription-Mediated Amplification and Hybridization Protection Assay (TMA / HPA) method
was proposed by Hirose et al. (1998). This method is very simple and can be applied quickly. In
addition, it is less affected by TRAP inhibitors that can be obtained from clinical data. There is no
drawback in using a water bath in the transcription step, since the redunanz is fast with the
transcription of the telomerase product. At the same time, since several billion RNAs can be replicated
from a template within an hour, the TMA / HPA method is based on different hydrolysis of probes
that hybridize with RNAs or not, and the addition of a promoter to the primer to be extended by the
reverse transcriptase enzyme [38].

Aldous and Grabill (1997) used the Fluorescent-TRAP method (F-TRAP) to determine the telomerase
activity. This method uses fluorescence-labeled primers and the use of radioisotopes is eliminated
[39].

As a result of the studies carried out by Zavlaris et al. In 2009, it is thought that if the TRAP
(Telomeric Repeat Amplification Protocol) method is to be used, the application of "stretch-PCR"
with the PicoGreen method, and the determination of the gene expression of TERT, even if the Real
Time PCR method will be used, may be preferred [40].

3. NEOPLASIC CHANGES AND TELOMER RELATIONSHIP

It was determined that telomerase activity can be detected mostly in cancer cells and rarely in normal
somatic cells. After embryogenesis, in contrast to the loss of telomerase activity in most somatic cells,
it has been shown that there is little telomerase activity in somatic cells such as hematopoietic stem
cells, skin and intestinal epithelium cells, esophageal epithelium, gamete cells, endometrium cells and
hair follicles that can regenerate themselves significantly [ 41]. This suggests that this enzyme is
active in cells with high growth rates, whether normal or malignant [42].

Telomerase provides activation after high loss of telomere, by strengthening the worn out ends [43]. It

was first suggested by Olovinikov in 1973 that cells lose some DNA from their terminal ends at each
replication and this shortening observed in chromosomes leads to cellular aging [44,45]. The shorter
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telomere lengths of somatic cells such as fibroblasts and leukocytes in the elderly compared to young
ones also supports this hypothesis. In addition, it has been suggested that there are cancer cells that do
not have telomerase activity but are able to increase the length of telomeres. It has been reported that
this enzyme cooperates with a number of oncogenes and causes the tumorigenic transformation of
human epithelial cells and fibroblasts by suppressing several tumor suppressor genes. In the light of
this information, it is thought that telomerase may play a role in cancer diagnosis and follow-up, so
that telomerase activity may lead new approaches in the fight against cancer [46].

Telomerase, a key enzyme for cell survival, prevents telomere shortening and cellular aging observed
after many cells divide. In contrast, telomerase inactivation is observed in most cells of the adult liver.
Lack of telomerase activity and shortening of telomeres have played a role in hepatocyte aging and
hepatocellular carcinoma (HCC) development. Telomerase reactivation is required to induce
uncontrolled cell proliferation leading to HCC development [47].

Telomerase activity yields eukaryotic cells with unlimited proliferation capacity, one of the hallmarks
of cancer. More than 90% of human urothelial carcinoma of bladder (UCB) tumors are positive for
telomerase activity. Telomerase activation can occur by several mechanisms. While mutations in the
core promoter region of the human telomerase reverse transcriptase gene (TERT) cause telomerase
reactivation in 60-80% of UCBs, the prevalence of these mutations is lower in urothelial cancers of
other mutations. In the future, TERT promoter mutations and telomerase activity may have diagnostic
and therapeutic applications in UCB [48].

Prostate cancers protect telomeres predominantly by activating them, but in metastatic disease
alternative mechanisms of telomere elongation may occur. Telomerase activity and telomere length
assessment may be helpful in prostate cancer diagnosis and prognosis. Disruption of androgen
receptor function in prostate cancer cells leads to telomere dysfunction, indicating telomeres and
telomerase as potential therapeutic targets in prostate cancer. While telomere shortening in normal
stromal cells has been associated with prostate cancer, variable telomere lengths in prostate cancer
cells and telomere shortening in cancer-related stromal cells have been associated with lethal disease
[49].

Chondrosarcomas are malignant skeletal tumors with chondroid differentiation. The prognosis is
largely dependent on histolopathologic grading as double-blinded by two scientists. Telomerase
activity and abundant expression of telomerase reverse transcriptase (nTERT) have previously been
associated with chondrosarcoma grade and metastasis. Studies have shown that hTERT promoter
mutations are common in high-grade conventional chondrosarcomas and strengthen the rationale for
telomerase targeted therapy in a chondrosarcoma subset [50].

Alternative telomere extension mechanisms are generally absent in meningiomas. TERT and hTERT
promoter changes play an important role in prognosis and potentially treatment during oncogenesis of
meningiomas [51].

Recently, the G-quadruplex (G4-DNA) structure found in telomeres has been discovered. These
nucleic acid sequences, also called G-tetrad, are rich in guanine. Composed of guanine, G-quadruplex
refers to a formation containing four chains. Compounds that stop telomerase activity and provide
stable structure of G-4 DNA at the same time prevent telomerase enzyme from reaching telomere and
stop telomerase activity have started to attract attention in cancer treatment. These compounds
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preserve the G4-quadruplex structure and prevent the reverse transcriptase enzyme from reaching the
telomeres [52].

DNA G-quadrupoles have been potential drug targets for cancer therapy [53-56]. G-quadrupoles with
various functions have attracted attention as a supramolecular synthesis tool to create nanomaterials
[57]. G-four poles are four-stranded structures formed in guanine-rich arrays held together by the
guanine-guanine Hoogsteen hydrogen bond. The formation of G-quaternary structures is common in
regions of biological significance such as human telomeres and oncogene promoter regions [58—60].
Human telomeric DNA, consisting of 5-8 kb tandem repeat d (TTAGGG) n sequences and
terminating with a 100-200 nt 3’ single-stranded overhang, forms caps by nucleoprotein complexes
and plays an important role in cell aging and death [4,61-64 ]. Telomerase has been shown to be active
in 80-85% of human cancers to prolong telomere and increase the survival of cancer cells [65,66].
Previous studies in human cancer cells have demonstrated the formation of DNA G-quadrature in
telomeres, and G-quadruple stabilization by small molecules has been shown to induce tumor cell
aging and apoptosis by suppressing telomerase activity and DNA damage response pathway [67—71].
Therefore, there has been great interest in stabilizing G-quadruplexes as potential drug targets for
cancer therapy development and small molecules [72].
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Figure 1. (A) Schematic representation of telomeres and lower telomeric regions. (B) The shelterin
complex is folded back into duplex DNA to form the G-tail t-ring; (C) G-quartet formed by the cyclic
Hoogsten hydrogen bonding arrangement of four guanines with the G-quadruplex structure [73,74].

4. AGING AND TELOMER RELATIONSHIP

Aging is a biological process that is characterized by a progressive functional decline in tissues and
organs and ultimately leads to death [75]. During cell division, an incomplete copy of the DNA of
each chromosome is made, causing the telomeres to shorten in successive generations. When a
threshold length is reached, replication stops and the cell "ages" [76]. Telomeres play an important
role in cellular aging as they are shortened every time the cell divides and trigger a DNA damage
response that results in aging [6,8]. Cells with unlimited proliferation potential need to expand their
telomeres to avoid cessation of permanent growth. In humans, telomeric DNA is synthesized by the

273



Journal of Scientific Reports

Bilici E., Journal of Scientific Reports-A, Number 45, 267-282, December 2020.

telomerase enzyme. This RNA protein complex is active in germline and stem cells, but is absent in
most somatic cells [77]. In eukaryotes, telomeres determine cell proliferation potential by triggering
replicative aging in the absence of telomerase [78].

Telomerase deficiency leads to progressive telomere erosion in human cell division due to the inherent
property of DNA polymerase [14]. When telomeres shorten to a critical size and telomeres become
dysfunctional, the DNA damage response pathway is activated and cells begin to enter a permanent
growth arrest phase called replicative aging. It is believed that aging is a very effective barrier against
cancer by blocking proliferation and genetic mutations that result from DNA replication. Since infinite
proliferation is the hallmark of malignant cells [79], it is likely to overcome the aging barrier with
telomere stabilization in oncogenesis, and in most cases this is achieved by telomerase activation
[14,79].

Aging in adult tissues comes into play in response to different types of damage. One of the
movements that cause aging is damage to telomeres, highly repetitive DNA structures located at the
end of chromosomes. Telomeres are protected by a multiprotein complex known as shelterin. By
coating on telomere, shelterin prevents the activation of a DNA damage response, thus preventing
end-to-end chromosome assembly that would lead to telomere crisis [80]. The end-of-replication
problem is a consequence of the inability of DNA polymerases to synthesize DNA without a template
occurring in telomeres. This results in telomeres gradually shortening with each cell cycle division.
Embryonic tissues circumvent this erosion by expressing telomerase, which serves to join DNA to the
ends of chromosomes and thus provides a template for DNA synthesis [81]. However, in telomerase-
deficient adult tissues, repeated cell division results in progressive DNA erosion, decreased shelterin
binding, and aging. As an organism ages, cells accumulate more divisions. This results in increased
telomere erosion and aging. However, it is not known to what extent telomere erosion affects aging
during aging and to what extent the aging process contributes to it [82].

Aging and death occur in human cells in two stages. The first of these is the replicative aging M1
named as "Mortality Stage". At this stage, chromosomes reach a critical size as a result of shortening
of telomeres. Hayflick and Moorhead first described the critical point definition [83]. Leonard
Hayflick studied replicative aging and the cells of young people showed the most division in culture
medium than cells of the elderly. After dividing about 60 - 80 times, Human embryo cells have started
to age. He reported that while senescent cells remained metabolically active, no new cell formation
(Hayflick Limit) and eventually died [84]. This event stopped the cell cycle and initiated the senile
program [18].

It is the M1 point that represents the replicative life span. If a cell passes the mortality stage, its
telomeres shorten to the M2 point. M2 point is called “crisis" or "second mortality stage". Major cell
death occurs in this second mortality stage. The cause of cell mortality may be due to chromosome
death due to weakened telomere function. Telomerase activity is required to prevent these mortalities.
As a result, telomere length and structure can be restored and cells formed at the M2 point can divide
infinitely (cellular immortalization). Data obtained as a result of research to date revealed that one of
the characteristic features of aging cells is telomeres [85].

Age is a strong prognostic indicator of reduced survival in many cancers [86]. Senescence is a potent

tumor suppressor mechanism that limits cancer onset through both cell-intrinsic [87] and cell-extrinsic
mechanisms [88]. Aging cells may contribute to tumor progression by increasing the proliferative
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potential of cancer cells [89] or by contributing epithelial cells to the mesenchymal transition [90].
Therefore, the increasing number of senescent cells found in aged tissues may contribute to the
increase in cancer incidence with age. Supporting this, a delayed onset of tumor formation is observed
when senescent cells are eliminated [91].

5. CONCLUSION

From the original study of Barbara Mc Clintock [92] in 1941 until today, it is obvious that telomere
structures are important in terms of ensuring chromosomal integrity. There are several studies
showing that the mechanism that keeps telomere loss in balance in vertebrates is telomerase enzyme.
For this reason, reverse transcriptases are of great interest in cancer therapy. Preventing the
functionality of telomerase leads to shortening of the extremely important telomeres. As a result,
chromosomes that are shorter cause instability and mortality. It is known that telomerase expression is
closely related to cellular immortalization and early stages of cellular change. However, it has nothing
to do with the growth rate. In other words, we can say that immortal cells regulate telomerase
expression. This event demonstrates how important replication is for telomerase activation [93].

The systems responsible for the elongation of telomeres in tissues during division cannot continue
their activity. Therefore, telomeres shrink during cell replication. Telomer length determines the
replicative survival time of cells. When telomeres reach critical stature, the aging program is
activated. Cell replication then stops. But they continue to live and function. Telomeres are actively
maintained in reproductive cells because it is imperative that chromosome be passed on to the next
generation. This necessity in telomeric division is provided by the activation of the telomerase enzyme
[94]. In order to explain the relationship between telomere length and age, studies have been carried
out in some cancer cells by cell culture of human fibroblasts in human cells of different age groups,
and it has been found that telomere length decreases with increasing cell division rate and age [95].

Telomeres are extended by mechanisms that include telomerase-mediated reverse transcription,
subtelomeric DNA amplification, and telomeric DNA homologous recombination. It eliminates the
risk of uncontrolled telomere elongation such as end-to-end junction, premature aging and related
disorders such as cancer. In addition, the mechanisms that determine different aspects of longevity,
early replicative aging, and chronological aging appear to depend on the accuracy of DNA damage
response and repair. For example, the investigation of effective and adequate regulation of telomere
DNA damage response and repair by examining the molecular interactions between different telomere
maintenance pathways in telomere care will shed light on the mechanisms of preventing telomere
damage from environmental stresses during aging [96]. The answer to the question of whether we can
have a young and alive body by increasing our telomere length has shown itself with the latest studies.
It has shown that it can be reversed by increasing the telomerase ratio inside the cell and stopping
aging. Researchers who cultured and then cloned telomerase genes in human cells; they reported that
the cell continues to divide even after the aging point, with telomeres that stretch up to a thousand
base pairs. It should also be known that a procedure performed only in this way carries a serious
cancer risk [1,93]. Within all these data, it would not be wrong to say that these formations that form
"happy ends" of chromosomes have the potential to sign a happy future for humanity [90].
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