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INTRODUCTION

Dear Distinguished Delegate,

International Conference on Advances and Innovations in Engineering (ICAIE) is held
at Firat University, Faculty of Engineering in Elaz1g, Turkey during May 10-12, 2017 in
honor of the 50" anniversary of the establishment of the faculty.

International Conference on Advances and Innovations in Engineering is an international
scientific forum of distinguished scholars engaged in scientific, engineering and technological
research, dedicated to the furtherance of science, engineering and technology. The academic
research conference since its inception is at the cutting edge of international nonprofit scientific,
engineering and technological progress to promoting excellence in science.

The conference plays an influential role in science and promotes developments in
science, engineering and technology in a wide range of ways. The conference aims to foster
research in the area of science and technology and its impact to mainstream human activities.
Specifically, it serves as a venue for discussions and exchange of ideas in current issues in
science and technology.

All full paper and abstract submissions to the conference are peer reviewed and
refereed and evaluated based on originality, research content and correctness, relevance to
contributions, and readability. In this content the full paper and abstract submissions are
chosen based on technical merit, interest, applicability and how well they fit a coherent and
balanced technical program. The accepted papers after rigorous peer reviewing process have
been published in the refereed international conference proceedings

Chair of ICAIE Committee
Prof. Hasan KURUM
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Performance of Some Soil Bacteria on Ethalfluralin
Biodegradation

Gokhan Onder ERGUVEN

Department of Environmental Engineering,
Faculty of Engineering,
Munzur University,
Tunceli, Turkey
gokhanondererguven@gmail.com

Abstract— The aim of this study is investigate the efficiency of Bacillus thuringiensis and Fusarium fujikuroi soil bacteria on ethalfluralin
biodegradation with chemical oxygen demand (COD) and reveal the population dynamics of these bacteria during biodegradation process
under agitated culture conditions with turbidity. Bacteria samples were firstly isolated from agricultural soil in agar media taken from Thrace
region of Turkey and these bacteria were stocked. These stocked cultures were used in experimental studies. COD experiments were done
according to standard methods 5220C closed reflux titrimetric method and turbidity experiments were performed by Photolab 6600 UV-VIS
Spectrophotometer. All experiments were performed triplicate. As a result; COD removal efficiency of Bacillus thuringiensis was determined
as 83% and Fusarium fujikuroi as 53%, at the end of the 120th hour. According to the results; COD removal efficiency showed some
differences depend on the bacteria species. It was also observed that Bacillus thuringiensis had more removal efficiency on COD and it was a
suitable bacteria species for bioremediation contaminated waters by ethalfluralin against Fusarium fujikuroi.

Keywords— bacteria; ethalfluralin; biodegradation; chemical oxygen demand; removal efficiency.
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An Experimental Study on Determination of
Optimal Growth Conditions of Physisporinus vitreus
for Biotechnology

Davut BAKIR Evren TERZI
Department of Forest Industrial Engineering Department of Forest Industrial Engineering
Faculty of Forestry, Faculty of Forestry,
Istanbul University Istanbul University
Istanbul, TURKEY Istanbul, TURKEY

davut.bakir@istanbul.edu.tr

S. Nami KARTAL
Department of Forest Industrial Engineering
Faculty of Forestry,
Istanbul University
Istanbul, TURKEY

Abstract— Wood is a natural material that can be deteriorated and decomposed by both biotic (fungi, insects, bacteria, etc.) and abiotic
factors (UV radiation, fire, chemicals, mechanical effects, etc.). Impregnation by various chemical agents is a common application to protect
and extend service life of wood and wood products against such factors. High permeability of wood is a required feature for successful
impregnation process in terms of better penetration and high retention level of preservative chemical. For refractory wood species, various
attempts to increase permeability and treatability i.e. immersion in water, steaming, solvent application, enzyme treatment, mechanical incising
and incubation with fungi or bacteria are available. Among those applications, bio-incising by organisms is a process that aims at increasing
the permeability of wood without affecting its desired properties in a negative way. Physisporinus vitreus is a fungal species having an ability
to penetrate the sealed pits of wood microstructure that are important cell elements for fluid flow. This species is a well-know fungal species
for bio-incising attempts in refractory woods. In this study, we evaluated various practices for applicability of P. vitreus to Picea orientalis
wood (spruce), which is difficult to impregnate and less durable. The main goal of this study is to increase the service life of wood from P.
orientalis, one of the refractory wood species in Turkey by improving its ability to impregnate by bio-incising procedures. Within the scope of
the study, ten different strains of P. vitreus were obtained from various research laboratories and augmented in laboratory conditions in Petri
dishes containing 4% of malt-agar nutrient medium.

The Petri plates inoculated with the strains were periodically observed and the strain that showed the fastest development was preferred as
a basic test strain. Three different growth media were used during the experiments and the EN 113 standard test method was used for each
test medium. Only glass jars were used during the tests as they provided larger usage volume for wood specimens rather than standard Kolle
flasks. In the first set of the experiments, wood specimens previously dipped into 2% malt extract emulsion were inoculated by P. vitreus strains.
Wood specimens were dipped into glucose-pepton malt extract emulsion in the second set. Wood specimens in the third experiments were
directly placed into glass jars containing 4% malt extract agar nutrient medium previously inoculated with the fungal strains. The methods
were evaluated according to the ability of the fungal mycelium to envelop the entire wood surfaces. The key point is the necessity of ensuring
the homogeneous penetration of fungal hyphae into the wood structure. As a result of macroscopic and microscopic evaluations, the best
development was provided by the third test set, which is simpler than the other methods followed. The best fungal growth in the third test set
was provided at the conditions of 24£2°C and 70+5% relative humidity and by using a growth medium where wet vermiculite was added under
sterile conditions.

Keywords— Physisporinus vitreus, bio-incising, permeability, impregnation, wood, optimum growth conditions.
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Screening and Isolation of Enzyme-Producing
Bacteria for Biotechnology

Fatma MATPAN BEKLER

Department of Molecular Biology and Genetics,
Faculty of Science,
Dicle University,
Diyarbakir, Turkey

Zindar ASLAN

Department of Molecular Biology and Genetics,
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Dicle University,
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Reyhan G. GUVEN
Science Teaching Section,
Faculty of Education,
Dicle University,
Diyarbakir, Turkey

Kemal GUVEN

Science Teaching Section,
Faculty of Education,
Dicle University,
Diyarbakir, Turkey

Abstract— In this study, Bacillus subtilis 4NK isolated from Bingil Binkap hot spring in Turkey. The isolate was identified based on
different by morphological, physiological, biochemical and 16S rRNA gene sequencing. The strain 4NK was found to be an aerobic, Gram-
positive and rod shaped. The optimum temperature, pH and incubation period for bacterial growth were 40 oC, 6.0-7.0 and 24 h, respectively.

The result of 16S rRNA gene sequence analysis showed that, the strain 4NK related to the Bacillus subtilis (98% similarity). This strain was
found to produce biotechnologically important enzymes for industrial application.

Keywords— 16S rRNA, hot spring, isolation, enzyme.
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Investigation of a-Amylase Production in Novel
Rotating Drum Bioreactor

Muhammet Saban TANYILDIZI Muhammet Ali UYGUT
Bioengineering Department Bioengineering Department
Firat University Firat University
Elazig, Turkey Elazig, Turkey
mtanyildizi@firat.edu.tr muygut@firat.edu.tr

Abstract— Alpha amylase are extracellular endo enzymes that randomly cleave the 1,4-a linkage between adjacent glucose units in the linear
amylose chain and ultimately generate glucose, maltose and maltotriose units. Amylases are one of the most important industrial enzymes and
their annual production volume is 25-30% of the total manufacturing of enzyme production [1]. Solid substrate fermentation (SSF) that is a
good alternative to produce cheaper enzyme was known as a fermentation process in which microorganism grown in the absence of free water
media. Solid particles distributed in a liquid phase are defined as slurry state fermentation (SLSF) [2]. SLSF merges advantages of other
fermentation modes that SSF (higher yield, lower cost) and submerged fermentation (easy control and measurement of fermentation
conditions). Rotating drum bioreactor (RDB) that is one of main solid state bioreactors types has gained great attention from researchers.
Although conventional RDB is an important microbial production system in terms of preventing heat accumulation and having less severe
shear stress on microorganisms, it isn’t completely adequate in larger-scale RDB due to high levels in temperature gradient.

In this study, RDB was designed by adapting for SLSF and the effects of bioreactor operating parameters on a-amylase production was
screened by experimental design with enzyme production system (Fig. 1). Ceramic micro diffuser was used to increase oxygen transfer
efficiency in the RDB design. Bacillus amyloliquefaciens NRRL B-645 that is a commercial bacterial a-amylase producer was used. In the a-
amylase production studies was used optimum conditions (25 g/l corn bran, 10 g/l yeast extract and 1 g/l KH2PQOa) that determined earlier
obtained a-amylase production studies in erlenmayer flasks. Dissolved oxygen, pH, temperature, oxygen and carbon dioxide at gas outlet were
followed online during fermentation. Dinitrosalicylic acid method [3] was used for determination of a-amylase activity.

Effects of operating parameters, rotation speed, aeration rate, working volume, diffuser’s pore diameter, baffle size, temperature and inoculum
size, on the a-amylase production in the RDB were determined with Plackett-Burman design. According to ANOVA results, Model is
significant as it is seen Model F value (17,46) and very low probality value (0,0075). The enzyme production in erlenmeyer scale was applied
to laboratory scale RDB and an important step was taken for production on commercial scale.

Computer

i — =
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T i pH and DO
{ meter
u Thermocouple

£l (i

Rotating drum bioreactor Microfilier
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circulator
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Figure 2. Enzyme production system.
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When the results are compared, the enzyme production in RDB was about 2-fold higher specific productivity (50,86 U/g corn bran.h), with
higher activity and shorter time, according to the erlenmayer scale production (25,36 U/g corn bran.h) and a cheaper enzyme production
system by using agricultural wastes has been created.

Keywords - Slurry state fermentation, Rotating drum bioreactor, a-Amylase, Plackett-Burman design
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a-Amylase Production by Submerged Fermentation
In Novel Rotating Drum Bioreactor

Muhammet Saban TANYILDIZI

Bioengineering Department
Firat University
Elazig, Turkey

mtanyildizi@firat.edu.tr

Abstract— In the present study, a-amylase production and
microbial growth by SmF was investigated in the novel rotating
drum bioreactor that has micro air diffuser. Ceramic micro air
diffuser was used for minimization of mass transfer limitations
by increasing oxygen transfer efficiency in addition to the
conventional RDB design. Bacillus amyloliquefaciens NRRL B-
645 was used as a-amylase producer. In rotating drum
bioreactor studies, optimum conditions (15 g/l starch, 2,5 g/l
peptone, 1 g/l yeast extract, 1 g/l MgSO4.7H20, 1 g/l KH2PO4
and 0,1 g/l CaCl2) that determined from earlier erlenmayer
flasks was used. Dissolved oxygen, pH, temperature, oxygen and
carbon dioxide at gas outlet, starch concentration, growth and
total weight of bacteria was followed during fermentation.
Dinitrosalicylic acid method [3] was used for determination of
a-amylase activity. The highest enzyme activity (24,84 U/ml) was
measured for the incubation time (14 h) in the conditions that
are rotation speed (18 rpm), aeration rate (1 Ipm) and baffle size
(4 cm).

Keywords— Rotating drum bioreactor, Ceramic micro
diffuser, a-Amylase, Submerged fermentation.

I. INTRODUCTION

Enzyme production has grown rapidly and is a vital sector.
According to Grand View Research report, the global
industrial enzyme market was $8.18 billion in 2015 and it is
forecasted that the market will reach $17.50 billion by 2024
[1]. Amylases are one of the most important industrial
enzymes and their annual production volume is 25-30% of the
total manufacturing of enzyme production [2]. Alpha-
amylases catalyze the hydrolysis of the 1,4-a-linkage between
adjacent glucose units in the amylose chain of starch.

Submerged fermentation (SmF) has important advantages
and it has commonly been preferred thanks to greater control
of process parameters that has great significance about yield
such as pH, dissolved oxygen and temperature and easier
sterilization. Despite of its high cost, approximately 90% of
fermentation products has been produced by SmF.

Muhammet Ali UYGUT

Bioengineering Department
Firat University
Elazig, Turkey

muygut@firat.edu.tr

Rotating drum bioreactor (RDB) is an important
microbial production system in terms of having less severe
shear stress and researchers have explored applications of
RDB in a plant cell culture, solid substrate fermentation,
bioleaching and bioremediation. Although conventional
RDB is an important microbial production system in terms of
preventing heat accumulation [3,4] and having less severe
shear stress on microorganisms [5], it is not completely
adequate in terms of heat and mass transfer due to the absence
of an effective air diffuser and free water. Therefore, biomass
or enzyme production yield decreases in larger-scale RDB
due to high levels in temperature and concentration gradient
[6]. In addition to, on account of liquid-gas mass transfer, a
drum reactor should be operated in lower working volumes
(< 50%) to keep a thinner film to provide the effective gas-
liquid contact [7].

Studies have shown that the size of the air bubbles is
effective on the cells and air bubbles in large diameters are
damaged by the shear stress of the cell, on the other hand the
bubbles in micron size cause less damage to the cell [8, 9,
10]. Michaels et al. (1996) have shown that the clustering and
dispersion problems of bubbles can be minimized by
microbubbles supplied to the system at low rotational speeds
[11]. Nehring et al. (2004) compared a ceramic micro air
diffuser producing bubbles with a diameter of 100-500 um
and a stainless steel air diffuser producing bubbles with a
diameter of 800-3000 um in a cell culture bioreactor [12].
Ceramic micro air diffuser has proven to 3 times more high
oxygen transfer. Czermark et al. (2005) compared ceramic,
stainless steel and silicone air diffusers in another study of
cell culture and reported that the ceramic micro-air diffuser
has a distinct advantage over other air diffusers in terms of
oxygen transfer, ease of design and operating parameters at
large scales [13].

Problems of RDB are mainly the lack of free water and
the efficiency of mixing, especially for large scale
production. For minimization of the problems in RBD,
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ceramic micro air diffuser with proven effectiveness [12, 13,
14] can be used in addition to the conventional RDB design
in liquid phase.

In the present study, a-amylase production and microbial
growth by SmF was investigated in the novel rotating drum
bioreactor that has micro air diffuser.

Il. MATERIALS AND METHODS
A.  Microorganism and Inoculation

For o -amylase production, Bacillus amyloliquefaciens
NRRL B-645 (kindly provided by ARS Culture Collection)
that is a commercial strain was preferred. The strain was
maintained on an agar slant at 4°C. Inoculum culture was
produced by using medium that contains (g/l) glucose 10,
CaCl2 0.1, MgS0O4 0.5, KH2PO4 0.5, NaCl 1.5, yeast extract
2.0 and peptone 2.5. Inoculum was cultivated in 50 ml liquid
medium at 150 rpm and 37°C for 18. All enzyme production
studies were done with the production medium that was
determined as optimum conditions in earlier studies [15].

B. Rotating drum bioreactor and fermentation

The enzyme production experiments were conducted in a
RDB, which is a stainless steel tank of 5 mm thickness, 205
mm diameter, and 225 mm length. The technical drawing of
the designed RDB is given in Fig. 1.

A

Figure 1. The technical drawing of the designed DTB. A gas outlet; B
condanser; C Buffer; D dissolved oxygen probe; E pH probe; F heat
exchanger; G thermocouple; H ceramic micro air diffuser; K stationary shaft.

The total volume of the bioreactor is 7 L. The bioreactor
and its condenser, which is designed to prevent water losses,
are shown in Fig. 2. The bioreactor is equipped with a 0.5 hp
motor and inverter with adjustable rotation rate of 3-18 rpm.
The bioreactor top cap can be demountable for loading
substrate and installation of equipments. A micro air diffuser,
a heat exchanger tube, a thermocouple, a DO probe
(Hamilton, Visiferm Arc 120) and a pH probe (Hamilton,
Easyferm Plus Arc 120) were attached to the stationary
surface on the cap. The static top cap was mounted with
autoclavable sealed bearings while the drum rotates around
its axis.

Four straight baffles were placed to the bioreactor’s inner
surface for increasing mixing efficiency. For improving the

gas-liquid mass transfer efficiency of the RDB, a 200-mm
ceramic micro air diffuser (Refractron, USA) with a pore size
about 6-25 um was used as a sparger. An air compressor
equipped with a rotameter was used to adjust the inlet air
velocity and a water bath with external circulation was used
to control the reactor temperature with heat exchange tube.
After substrate loading and equipped with ceramic micro air
diffuser, DO and pH probes and gas inlet and outlet line, the
RDB was sterilized in an autoclave (Lab Companion, ST-
65G) at 121°C for 30 min. Gas analyzer (Quantek, Model
902P) was used to determine concentration of O, and CO; at
gas outlet. When the foaming in fermentation is observed, a
simethicone based antifoam was added. Enzyme production
system is shown in Fig. 2.

e
k‘ﬁ‘ E g I Gas amalyzer
i ‘ pH and DO
! meter
m Thermocouple ‘

S ot

Rotaring drum bioreactor Microfilier . )_sme Bath

I ) e-“ circalator
(ST RTY WUTAS
goe @
Rotameter Air compressor

Figure 2. Enzyme production system.

C. a-Amylase Assay

Sampling was conducted at regular intervals and
supernatant was obtained by centrifuge at 4100 rpm for 10
min. The supernatant was used as crude enzyme extract for
activity assay. 0.5 ml enzyme was added to 1 ml soluble
starch (1% (w/v)) in phosphate buffer (0.02 M, pH=6.9) and
incubation was carried out at 37°C for 3 min. The reaction
was stopped by using 3,5-dinitosalicylic acid and reducing
sugar was determined by Bernfeld method [16].

D. Bacterial Growth and Starch Analysis

Bacterial growth during fermentation was measured by
turbidity meter followed by measurement of absorbance at
600 nm wavelength. For starch analysis, 0.1 ml of cell-free
fermentation medium, was added to the tube containing 1 ml
of KI-12-HCI solution and 10 ml of distilled water were
added. This solution is read at 600 nm wavelength against the
blind sample which does not contain the fermentation
medium. The starch concentration is determined in g/l by
calibration graph.
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I11. RESULTS AND DISCUSSION

The highest enzyme activity (24,84 U/ml) was measured
for the incubation time (14 h) in the conditions that are
rotation speed (18 rpm), aeration rate (1 Ipm) and baffle size
(4 cm). The change of investigated physical parameters with
time in the validation experiment is shown in Figure 3 and 4.
The maximum enzyme activity (24.84 U / mL) were reached
in 14 h. The maximum activity was reached in the end of the
logarithmic phase can be interpreted according to analysis of
DO and COz value at gas outlet.

—0—pH DO (mg/L) —A—A(U/ml)
10 30

8 25
20
15

10

pH and DO (mg/I)

0 5 10 15 20 25
Time (h)

Figure 3. The change of a-amylase activity, DO and pH with time.

—— Activity (U/ml) * 02(%) ==>=co02(%)
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%CO2
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Figure 4. The change of a-amylase activity, 02% and CO2% with time.

The change of bacterial growth, amylase production and
starch concentration with time is shown in Fig 5. The enzyme
production started from mid-log phase and continued in the
stationary phase. After starch is completely consumed, there
is a noticeable increase in enzyme production. This increase
can be explained by the induction of enzyme production by
hydrolysis products formed by the catalysis of starch by the
enzyme. It is seen that the enzyme production reaching

o
Activity (U/ml)

maximum in the stationary phase has remained constant after
this period.
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Figure 5. The change of starch and mo absorbance with time.
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Figure 6. The change of enzyme production in RDB and erlenmayer with
time.

When results compared, enzyme production in RDB
(24,84) was performed with approximately 2-fold higher
enzyme activity than erlenmeyer scale study (14,72 U/ml) in
shorter time as shown in Fig. 6.

As a result, enzyme production by SmF was successfully
applied to novel RDB that can be operated at higher working
volumes and an alternative bioprocess has been created to
produce enzyme efficiently without dissolved oxygen
limitation thanks to ceramic micro diffuser.
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Abstract— Caves are formed by rocks such as gypsum, granite, quartzite, and talus but most commonly by calcareous rocks such as
limestone and defined as a type of natural, rocky cavity under the ground that receives little to no light and also accessible to humans. Especially
deep of the caves are usually considered to be extremely nutrient poor environments because of the absence of photosynthetic activity due to
the lack of sunlight; nevertheless the cave environment presents variety of other potential energy sources for microbial growth. Firmicutes,
Actinobacteria and a- - and y- Proteobacteria stated as three dominant phyla that can be found in such environments.[1] Furthermore, recent
studies suggest bacteria may also have a role in cave formations such as carbonate precipitation in speleothem formations or moonmilk
depositions. [2,3] In addition to that, the number of cave studies increase rapidly due to its potential to host microorganisms that can secrete
secondary metabolites that may be of value to humans eg. enzyme, antibiotic and biofuel production. [4]

In this study bacterial load of a Cave located in Mersin was investigated by using culture dependent and culture independent methods.
Samples were taken by sterile swaps and submersed in distilled and stored in +4°C degrees until culturing. For culturing the water that samples
were submersed in was diluted 103 fold before plating. First, the bacteria were cultured on R2A media which is widely used for cave
microbiology research and distinct looking colonies were picked from the petri dishes and isolated. After isolation, 16S rRNA PCR analysis
was performed and PCR products were sent to a company for identification. As a result of this study, the bacterial load of the related cave is
unveiled. The further results will be discussed in the oral presentation.

Keywords— Cave Microbiology; Microbial Isolation; Characterization.
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Abstract—Crystal structure of myofibril resembles a graphene like structure, which looks interesting, moreover it can be useful in myofibril
modeling.

Solid state physics deals with the electrical behavior of the solids. The conductive properties depend on the properties of electron and on
the arrangement of the atoms [1]. It is well known that crystals are built with a periodic array of single atom or groups of atoms. An ideal
crystal can be defined as the infinite repetition of the identical groups of atoms called a lattice. Lattice, atomic planes and atomic directions
determine not only the mechanical properties of crystals, such as ductility and strength but also its electrical properties [2].

The micrograph of a cross section of the myofibril, can be found in any undergraduate level physiology book, is given in figure 1. Hexagonal
arrangements of the thick and thin filament can be seen in a myofibril, in which six thin filaments surround each thick filament whereas three
thick filaments surround each thin filament [3]. Flexibility of the myofibril can be related to the graphene like structure of it, moreover the
nearest neighbors of the crystal structure determine the mechanical properties, thus the flexibility of the myofibril can be written as a function
of the lattice space.

In such crystal structures packing efficiency is also important parameter, which characterizes the structure. It is well known that hexagonal
close-packed structure has the highest packing fraction (0.74). In nature, it is impossible to find a structure —regular or not- with a packing
fraction higher than 0.74.

Most of the solids can be found in crystal form and the property of it is known in detail. This knowledge can be used to understand myofibril
structure better and may connect two unrelated disciplines: solid state physics and biology.

Keywords— crystal structure; hexagonal lattice; myofibril
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Figure 1. Micrograph of a single muscle fiber [4]
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Abstract—Nanotechnology is effective in almost every area of concern to human and animal health. Nanomedicines against various pathogens
in veterinary medicine could be developed. Antimicrobials are being placed into polymer-coated crystalline nanoparticles, cholesterol-
conjugated amphiphilic peptide self-assembled particles, homogenized particulate suspensions, liposomes, composite hydrogel/glass particles,
poly lactic-co-glycolic acid, cationic and pDNA coated gold nanoparticles. Liposome-based therapeutics have been accepted by the FDA for
fungal infections, for instance, liposomal amphotericin B. Probiotics, prebiotics and imunomodulators can be used as growing promoter in
animals. Recently, natural products which have antibacterial effects are preferred. Because, the use of antibiotics as growing promoter in
animals brings out problems associated with microbial resistance and antibiotic residue. These nanostructures have indicated perfect results,
particularly in life-threatening. In recent years for this aim, the alternative solution including natural antibacteria as propolis. It was reported
that propolis has an efficacy against the inhibitory effects of free radicals and as an antibacterial (Hasan et al., 2014; Kothai and Jayanthi,
2014; Schmidt et al., 2014). Barud et al. (2013) determined that the ethanol extract of propolis is 70% effective at inhibiting the growth of
microorganisms.

Especially, natural nano antimicrobials such as nanopropolis are useful to veterinary medicine in terms of health, performance, and reliable
food production. Propolis does not have a good solubility in water. Nanopropolis expected to supply a better antibacterial activity compared to
propolis. Nanopropolis would raise the ability to dissolve a substance achieving better solubility compared to propolis. Nanopropolis can more
easily enter through the outer membrane of bacteria in order that the active antibacterial compounds can harm bacterial cell walls. (Hasan et
al., 2014). Also, the antimicrobial activity of nanopropolis was determined to be more effective against gram-positive bacteria than yeast. It is
assumed that the causes for being more effective in antibacterial activity from antifungal activity of nanopropolis can be due to the
characteristic of cell walls, differences present in membranes of bacteria and yeast, the antibacterial activity, and the thickness of the
peptidoglycan layer (Afrouzan et al., 2012). As a result, nanomedicines against various pathogens in veterinary medicine could be developed.
Especially, natural nano antimicrobials such as nanopropolis are useful to veterinary medicine in terms of health, performance, and reliable
food production. But, there is a need to increase research because of the paucity of research currently being done on this topic.
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derivatives on rat erythrocyte 6PGD: an in vitro and
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Abstract— 6-Phosphogluconate dehydrogenase (6PGD; E.C.1.1.1.44) is an enzyme in the pentose phosphate pathway. It is a well-known
oxidative carboxylase that catalyses conversion of 6-phosphogluconate into ribulose 5-phosphate [1]. It was reported that suppression of 6PGD
decreased lipogenesis and RNA biosynthesis and increased reactive oxygen levels in cancer cells, lessening cell proliferation and tumour
growth implying that 6PGD could be an anticancer target [2]. The aim of this study was to investigate whether biologically active organic
indole derivatives alters the enzymatic activity 6PGD of rat erythrocytes in vitro. In order to do that, the 3,3'-bisindole derivatives 1 and 2 were
synthesized, the enzyme was purified from rat blood and its activity was spectrophotometrically measured. The studies of the effect of these
compounds on the activity of rat 6PGD revealed that while the 3,3'-bisindole derivatives 1 inhibited the activity with an 1C50 of 115.8 uM, the
activity was increased in the presence of 3,3'-bisindole derivative 2. To understand the mechanism of inhibition/activation, in silico docking
experiments were performed.

Keywords— erythrocyte, docking, indole.
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Abstract— Glucose 6-phosphate dehydrogenase (G6PD, E.C. 1.1.1.49) is one of the key enzymes that involves in the catalysis of a rate-
limiting reaction in the pentose phosphate pathway (PPP), providing reducing power to all cells in the form of NADPH and ribose 5 phosphate
[1,2]. Recently, the corresponding enzyme, G6PD, has been revealed to be involved in apoptosis, and the efficacy to anti-cancer therapy,
making it as a important target in cancer treatment as one of the final products of the PPP, ribose-5-phosphate, is necessary for nucleic acid
synthesis and tumour progression[3]. In this study we reported the synthesis of some biologically active indomethacin derivatives and studied
their effects on the activity of corresponding enzyme obtained from rat erythrocytes. Among ten heterocyclic compound we found that the
inhibition was most potent in the presence of 5 and 6 with an IC50 of 3.85 uM and 3.39 uM respectively while compound 2 and 10 did not
alter the activity. In silico docking studies of 5 and 6 were also carried out to understand binding mechanism in detail.

REFERENCES

[1] Luzzatto L, Testa U. Human erythrocyte glucose 6-phosphate dehydrogenase: structure and function in normal and mutant subjects. Curr Top Hematol
1978;1:1-70.

[2] Ying W. NAD+/NADH and NADP+/NADPH in cellular functions and cell death: regulation and biological consequences. Antioxid Redox Signal
2008;10:179-206.

[31 Zzhang C, Zhang Z, Zhu Y, Qin S1. Glucose-6-phosphate dehydrogenase: a biomarker and potential therapeutic target for cancer. Anticancer Agents Med
Chem. 2014 Feb;14(2):280-9.

14



mailto:ytemel@bingol.edu.tr
mailto:sbayindir@bingol.edu.tr
mailto:aayna@bingol.edu.tr

o NI
< .'@

~l
International Conference on Advances and Innovations in Engineering (ICAIE) i

WLRA,
aps®

Investigation the effects of hetero aromatic
compounds on rat erythrocyte
6PGD and in silico molecular docking experiments
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Abstract— The pentose phosphate pathway (PPP) is an anabolic pathway that utilizes glucose to generate molecular building blocks of
nucleic acids and reducing equivalents in the form of NADPH through 6-phosphogluconolactone dehydrogenase (6PGD). Recently, it was
reported that 6PGD is implicated in cancer disease which makes designing 6PGD inhibitors in cancer treatment a necessity [1- 3]. Herein we
reported the synthesis of 3,3’-bisindole derivatives and studied their effects on the corresponding enzyme. The studies demonstrated that o
bisindole derivative 1 inhibited the activity of 6PGD with an IC50 of 115.8 uM, while the activity was increased in the presence of 2. In silico
docking studies were also performed to clarify the mechanism of inhibition/activation.

Keywords—component; Glucose-6-phosphate dehydrogen-ase (G6PD) indole, indole derivatives, in silico docking
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Abstract—Thermophilic bacteria are well known to be of great importance, since they are the source of industrially used enzymes. Therefore
a novel amylolytic enzyme producing thermophilic bacterial strain FMB2 from the Sorgun hot spring water in Yozgat, Turkey, was isolated
in the present study. Phylogenetic analysis based on the partial 16S rRNA gene, biochemical and physiological tests revealed that the strain
FMB1 belongs to the genus Bacillus licheniformis. Optimal growth was obtained at pH 9.0-10.0 and 55-60 oC. The optimum pH and
temperature for the enzyme activity were determined. Out of six variables in the a-amylase production medium, pH and temperature were
screened and optimized through response surface methodology (RSM) for higher a-amylase production. These methods have proven suitable
to optimize a-amylase production by a thermophilic Bacillus licheniformis.

Keywords—component; Bacillus licheniformis, a-amylase, optimization, response surface methodology
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Abstract— Glucose-6-phosphate Dehydrogenase (G6PD) is the rate-limiting enzyme of the pentose phosphate pathway. It catalyses the
irreversible conversion of glucose 6-phosphate to 6-phosphoglucono-d-lactone in the presence of NADP+ [1]. 6-phosphogluconolacton
Dehydrogenase (6PGD) is the third enzyme in the pentose phosphate pathway. It is a well-known oxidative carboxylase that catalyses
conversion of 6-phosphogluconate into ribulose 5-phosphate. In the absence of these enzymes the erythrocyte is susceptible to oxidative
damage. G6PD is associated with some human diseases including cancer, metabolic disorders and cardiovascular diseases. It was also reported
that suppression of 6PGD decreased lipogenesis and RNA biosynthesis and increased reactive oxygen levels in cancer cells, lessening cell
proliferation and tumour growth suggesting that 6PGD could be an anticancer target. Therefore one aim of the work described in this paper
is to investigate the effect of some biologically active indole derivatives on the activity of corresponding enzymes. The studies revealed that
while the bisindole derivatives 1, 2 and 3 inhibited the activity of G6PD with an IC50 of 138 uM, 231 uM and 304 uM respectively, the studies
of rat erythrocyte 6PGD indicated that the activity was increased in the presence of 1 and 2 and was inhibited in the presence of 3. Molecular
docking studies were also carried out to understand the mechanism of inhibition/activation.

Keywords— carboxylase, heterocyclic, inhibition.
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Abstract— Glucose-6-phosphate dehydrogenase (G6PD) is an enzyme participates in the pentose phosphate pathway, a metabolic pathway
that supplies reducing energy to cells (such as erythrocytes). G6PD reduces NADP+ to NADPH while oxidizing glucose-6-phosphate [1]. In
last decade, the role of G6PD in apoptosis and the efficacy to anti-cancer therapy has been reported which makes it a promising target for
cancer treatment. The aim of the work described in this study was to synthesise potent inhibitors of G6PD and investigate their effects on the
enzyme along with in silico molecular docking studies. Among two derivatives tested we found that the compounds 1 and 2 inhibited the activity
with an IC50 of 3.39 and 3.89 uM respectively. In silico docking studies of 1 and 2 were also carried out to understand binding mechanism in
detail.

Keywords—component; Glucose-6-phosphate dehydro-genase (G6PD) indole, indole derivatives, in silico docking
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Abstract—Glucose-6-phosphate dehydrogenase (G6PD) and 6-phosphogluconate dehydrogenase (6PGD) are the two important enzymes
of the pentose phosphate pathway which provides reducing power to the cell. G6PD, the rate-limiting enzyme of the pentose phosphate pathway,
catalyzes the irreversible conversion of glucose 6-phosphate to 6-phosphoglucono-g-lactone in the presence of NADP [1]. 6PGD is the third
enzyme in the pentose phosphate pathway. G6PD is associated with some human diseases including cancer [2]. It was also reported that
suppression of 6PGD decreased lipogenesis and RNA biosynthesis and increased reactive oxygen levels in cancer cells, lessening cell
proliferation and tumor growth suggesting that 6PGD could be an anticancer target. In this study, G6PD and 6PGD were purified with 2’5’
ADP-sepharose 4B affinity chromatography in single step. Following purification, we investigated the in vitro effects furosemide, cefazolin,
gantamicin and cefuroxime on the activity of rat erytrocyte G6PD and 6PGD. It was determined that gentamicin and furosemide inhibited
6PGD with an 1C50 of 13.86 mM and 0.775 mM respectively while cefuroxime and cefazolin increased the activity of the enzyme. On the other
hand, gentamicin and furosemide inhibited the activity of the G6PD with an 1C50 of 1.75 mM, 0.526 mM respectively whereas cefuroxime
and cefazolin increased the activity of the enzyme.

Keywords— G6PD, 6PGD, Antibiotics, Inhibitors, Activators, Rat Erythrocyte
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Abstract— An inadequate volume condition that develops with any loss of volume in the body is called hypovolemia. This loss of volume
is wrong to evaluate as a blood loss only. Hypovolemia can be caused by blood loss due to external and internal blood vessels in the body,
extracellular fluid loss, vomiting and dehydration. Hypovolaemia is a serious problem with electrolyte impairments due to both direct effects
of loss of fluid and loss of dense eloctrolyte. Hypovolemic disorders occur when these reduced circulating fluid volume. Even though at
hypovolemia is reduced the volume of extracellular fluid, actually plasma sodium concentration is reduced. This study aims to reveal the
effects of hypovolemia on the cardiac contraction with computer simulation of a rabbit ventricular cardiomyocyte. As a result of maximum
reduction was seen in contraction kinetics (CT50) period with 8.3%.

The disturbance of water-electrolyte balance may cause hypovolemia, is the most common fluid disorder, especially seen in postoperative
and elderly patients in which the findings are all related to the reduction of tissue perfusion [1]. In such cases, restoration of the water-
electrolyte balance is vitally important [2,3]. Since sodium ions have an important role in the water balance of the extracellular fluid, regulation
must be done via sodium-rich fluids [4]. The amount and the rate of fluid administration are adjusted according to the clinical response of the
patient in the treatment of hypovolemia [5].

Simulation programs are an extremely powerful aid in the solution of the biological problems that’s why they are widely used. Indeed, following
the construction of the simulation of the biological system it is so easy to produce data that has been similar to biological systems. It also
removes the experiments that have been used by the animals. Indeed the cost of the experiments decreased dramatically when we use the
simulations. Besides their advantages due to the nature of the calculation mistakes the results of the simulation should be double checked. [6].
For the production of the data we used the modified version of the non-commercial software program of Lab Heart 5.3. The contraction
parameters were analyzed by the home made excel program. The physiological parameters were established by the ionic concentrations of
mM: extracellular; Na:142, K:4 intracellular; Na:10, K:120. For the simulations of the hypovolumetric situation Na:110 mM were used and
comparison to physiological case was done.

There is a connection between action potential and muscle contraction, which known as excitation contraction coupling. This study aims to
investigate the effects of hypovolemia on the rabbit ventricular cardiomyocyte contractions. It is well known that heart works as a pump, which
sends deoxygenated blood to the lung and oxygenated blood to the body, thus the troubles in the contraction of it is a key parameter in several
pathophysiology. It was shown that hypovolemia (110 mM) results in a 12.66% decrease in the maximum contraction value. Furthermore both
the contraction and the relaxation kinetic values of contraction were also affected. To reveal the effects of it on the kinetics 50% of the
contraction time, 50% and 90% of the relaxation time are measured and a reduction of 8.3%, 3.2% and 0.3% is observed respectively, maximum
reduction was seen in CT50 period with 8.3%. Our simulation results show that the modifications observed in excitation-contraction coupling
are serious effects on hypovolemic conditions.

Keywords— Contraction kinetics; excitation-contraction coupling; hypovolaemia; water-electrolyte balance
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Abstract— Sodium and potassium are the major ions of the extracellular matrix, moreover they have key role in nerve excitability.
It is found that changes in the extracellular ion concentration (Na+and K+) affect not only axonal action potential parameters but also
conductance of the ion channels.

Since 1700s scientists have been trying to understand the electricity in living organisms. As far as we know today, similar to
electrical wire information is delivered through the body in the form of electricity. Living organism produce electrical energy
from the ion concentration gradient across the membrane, and the measured current is the flow of the ions, both inside and
outside of the excitable cell and controlled by the ion channels in the membrane, thus transmission is tightly dependent on the
ionic concentrations. Unlike pH or temperature there is not a tight control mechanism for the extracellular sodium and
potassium concentration, thus, dysnatremia and dyskalemia are frequently seen in the clinic especially in hospitalized,
postoperative and elderly patients [1].

Sodium ions abundant in the blood and extracellular fluid, and it have a key role in osmotic pressure regulation and
excitation of the nerve and muscle cells. Sodium is obtained through nutrients and excreted via sweat and urine. If the intake
and excretion are not in balance dysnatremia occurs. Potassium is the major ion of the intracellular matrix. Like sodium intake
is done by nutrients, excretion is seen through the digestive tract and in sweat, urine; moreover imbalance causes dyskalemia.
It is vital to keep extracellular potassium concentration in a tight range otherwise it may have serious consequences such as
abnormal heart rhythm or cardiac arrest. lonic changes in the plasma level can be seen, but if the change is dramatic and
persistent it may have many effects on the body, for instance, it may affect prognosis and even the survival rates of the patients
with cancer, brain trauma and in many pathophysiology [2,3]. Macroscopic effects of the ionic changes, are well known, however
the research on the molecular level is still missing.

In a microscopic point of view, the change in the ionic content affects the conductivity of the extracellular and intracellular
matrix, so the transmission is very much dependent on the ions around their membranes. In this research, the effect of change
in extracellular ion concentration on the single nerve fiber action potential is studied by using action potential simulation. The
experimental conditions are built to simulate hypo/hyperkalemic and hypo/hypernatremic conditions and, it is found that the
sodium ion channel conductivity is much more susceptible to the changes in the extracellular ion concentrations. Due to the
susceptibility of the sodium channel conductivity, hypo/hyperkalemic conditions are much more dangerous for patients at least
for neuronal conduction.

Keywords—axonal action potential; ion channel; ion concentration; simulation.
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Abstract— Voltage gated Na+ channels, has a key role in the excitable cells, is one of the few examples of positive feedback mechanism,
and opening of it exhibits an avalanche-like multiplication which can be used to understand nature and the kinetics of the voltage —gated
sodium channels.

In a manner of excitation sodium is the most important ion, and it is abundant in the extracellular matrix. In comparison with the
extracellular matrix, intracellular matrix is characterized with lower sodium concentration. Since sodium is roughly 15-fold larger than inside,
with the opening of voltage gated sodium ions a large current is measured across the membrane, it is usually high enough to saturate the
electronic equipment, so ion replacement is necessary [1].

The cell membrane is composed of lipids, proteins and carbon hydrates, which houses organelles. Lipid bilayer is a perfect insulator for the
ions, thus ion movement is only observed through, protein component of the membrane, ion channels [2].

Modeling of the biological mechanism is used in educational purposes and helps us to reveal the unknown phenomena, to develop new
therapeutic approaches.

Axonal membranes can be modeled as a p-n junction, in which the application of reverse or forward bias results in an electron flow from p to
n or vice versa. In its resting state the extracellular matrix is p-doped (has an excessive positive charge) whereas the intracellular matrix is n-
doped (has an excessive negative charge), and the lipid bilayer, the depletion region, is lack of free charges in the absence of an applied
external electric field [3].

Voltage-gated Na+ channels, has a key role in the excitable cells, and is one of the few examples of positive feedback mechanism in living
organisms. The opening of sodium channel triggers the rest, which is called as Hodgkin circle. The avalanche-like opening can be modeled
with avalanche multiplication seen in p-n junctions. In the presence of a large electric field an electron entering from the p side may be
accelerated high enough kinetic energy, and the interaction of with the lattice creates carrier multiplication. By using the probability of carrier
to create carrier multiplication P, total multiplication can be calculated as follows. For nin entering from the p side will create Pnin electron
hole pairs (secondary carriers) for each collision. Likewise the collision of secondary carriers will create P2nin electron hole pairs and
summation gives

nout=nin (I + P+ P2 + P3 +.....)
nout/nin=1+ P+ P2 + P3 +.....
M = nout/nin = 1/(1-P).

It should be noted that the ionization probability depends on the reverse bias. The empirical relation near breakdown voltage is given in the
following formula
M= 1/(1-V/Vbr)n

where M is the carrier multiplication, Vbr is the breakdown voltage, and n is the exponent varies forum 3 to 6 which depends on the material

(3]

Keywords— avalanche multiplication; p-n junction; voltage-gated sodium channel
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Abstract—Nanotechnology has a significant potency to solve the problems in the animal health field, since likely applications of the technology
to veterinary practices are almost mind-boggling. Lately, studies related to nanotechnology have been on the agenda. In particular, they have
focused on drugs used in human health. To develop improvements in techniques of animal production, it is necessary to enforce this knowledge
for animal health. Nanotechnology can solve lots of mysteries related to animal health, reproduction, production, good hygienic practices
during rearing and maintaining of food animals. Nanotechnologies can be used for constitute nanostructures of food ingredients that can
improve taste, texture and stiffness or provide the formation of emulsions. Also, nanotechnology has been utilized to improve finding of a
range of chemical and microbial contaminants in feeds. Nanotechnology offers scientific advantage with its rapid and specific moves, besides
high bioavailability, and biodegradability properties. All these advantages have significant effects on both fewer production and economic
losses in livestock animals and more healthy food and feed production. The technology application is usable especially with livestock. But,
much more research and company development are needed before this research can be used widely in veterinary medicine and the animal
science field of nanotechnology.

Keywords—Nanotechnology; Animal Health; Nanodrug; Food; Nutrition
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Abstract—Liquid loss is not just water loss also electrolytes are lost. Depending on the severity of fluid loss hypovolemia creates different
clinical signs. Cardiovascular manifestations involve reduction of central venous pressure and it varies from resting tachycardia to
hypotension. The aim of this study is to reveal the effects of extracellular sodium concentration on the duration of action potential with
computer simulation of a rabbit ventricular cardiomyocyte. As it is expected, sodium concentration is effective on these measured currents. As
a result, it shows that the potassium ion channels which are the major responsible for APD 90 is also associated with the concentration of
extracellular sodium.

Hypovolemia is a serious problem with electrolyte impairments due to the direct effects of fluid and dense electrolyte loss [1,2,3]. Since sodium
is the major extracellular cation, when the volume of extracellular fluid is reduced, the plasma sodium concentration is reduced as well.
Depending on the severity of fluid loss, hypovolemia shows different clinical symptoms [4,5]. Cardiovascular manifestations involve reduction
of central venous pressure and it varies from resting tachycardia to hypotension [6].

Simulation is the process of creating a model that represents a real system. Simulation studies are extremely effective in problem solving issue
[7].

For the production of the data we used the modified version of the non-commercial software program of Lab Heart 5.3. The contraction
parameters were analyzed by the home made excel program. The physiological parameters were established by the ionic concentrations of
mM: extracellular; Na:142, K:4 intracellular; Na:10, K:120. For the simulations of the hypovolumetric situation Na:110 mM were used and
comparison to physiological case was done.

The aim of this study is to reveal the effects of hypovolemia on the duration of action potential and ionic currents with a simulation program
of a rabbit ventricular cardiomyocyte. In its physiological range, plasma sodium concentration varies between 138-145 mM. When this value
is lowered to 110 mM, the action potential duration at 25%, 50%, 75% and 90% repolarization is decreased 18.5%, 39.2%, 30.5% and 29.2%
respectively; furthermore, the decrease is more signification APD 90 values. As a result, it shows that the potassium ion channels which are
the major responsible for APD 90 is also associated with the concentration of extracellular sodium. Moreover the results of simulations are
use to investigate the ionic mechanism underlying these changes in action potential. In comparison with the physiological value, the decrease
of extracellular sodium concentration results in a 6.6% decrease in the peak value of the sodium current, thus decline in the external sodium
ion concentration generates less current. As it is expected, sodium concentration is effective on these measured currents. Our simulation
results show that hypovolemic conditions caused significant changes in the APD 90 of the simulated action potentials. In addition, the peak
sodium current was found to be depressed.

As a result, treatment should be performed with liquids containing sodium, which are the most important elements of the extracellular fluid
space. To have a successful outcome in cardiac arrest it is necessary to evaluate the causes of it such as hypovolemia, underestimation of may
cause serious results such as death.

Keywords— action potential; hypovolemia; ionic currents; plasma sodium concentration; simulation
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Abstract— In cardiac tissue action potential not only initiates the contraction but also, with its presence along the contraction, it regulates
contraction, thus it is more sophisticated than nerve action potential. This study aims to reveal the effects of potassium channel conductivity
on the action potential and contraction parameters.

Since Galvani and Volta, electricity in the living tissue is one of the hottest subjects of science; furthermore, generation, conduction and
creation of it still have some blanks and many scientists tries to fill them. One fact we are sure of is that, living system generates electrical
energy from the ion gradient present across the cell membrane, which can be visualized in excitable cells as action potential, membrane
potential change that is the result of the flow of the ions through channels. The molecular mechanism of action potential must be studied in
detail to cure any pathophysiology, which results in alterations in action potential parameters.

In comparison with the other excitable tissues cardiac action potential is more complex, and since in every cycle it pumps deoxygenated blood
to the lung and oxygenated blood to the body alterations in cardiac action potential is vitally important. It is well known that in cardiac tissue
action potential not only initiates the contraction but also, with its presence along the contraction, it regulates contraction [1].

Although there are a group of ion channels which all together make the pumping function more controllable, this work contains the effect of
the conductivity changes of the 1t0s, 1t0f and 1K1, which are the well marked ion channels in the literature [2,3]. As expected the conductivity
changes affected the action potential parameters, but surprisingly degree of change in increase and in decrease are not same, somehow
channels resembles a rectification-like behavior. Likewise, in contraction parameters a rectification-like behavior is observed too.

It has been shown that Ito, which is the responsible for the early repolarization, has two types in which the slow type is more dominant,
whereas at the determination of the maximum depolarization of the action potential 1K1 is more prominent. Additionally, this channel has an
important role in the regulation of intracellular free calcium concentration mechanism.

Keywords—cardiac action potential; channel conductivity; ion channel; simulation
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Abstract— HA demonstrates greater hydrophobic property, and possesses lower resorption rate than TCP. There have been advantageous
in pairing HA with TCP, as some designed parameters such as degradability and surface characteristics of the engineered scaffold have been
improved [1]. By using a simple chemical method, it is possible to synthesize such biphasic nanoceramics from natural marine shels [2,3].
Marine sourced hydroxyapatite (HA) is a natural ceramic and is used as the most preferred implant material in orthopedics and dentistry due
to their chemical similarity to bone scaffold. A relatively new process known as “electrospinning” has received considerable attention in the
production of porous scaffolds [4]. In the present study, biocomposites having different compositions were prepapared from bioceramics and
biocompatible, biodegradable polymers. Solution of Poly(lactic acid) (PLA), a Polyurethane (PU), HA with different concentrations were used
for electrospinning technique to prepare nanofiber based biocomposite. Physical measurements such as viscosity, electrical conductivity and
density were conducted to optimize the system. Structural analysis were performed with fourier transform infrared spectroscopy (FTIR) and
the crystalline structure were analized with x-ray diffraction (XRD) measurements. Morphological properties of the formed nanotopographic
fibrous mat were investigated in terms of fiber structure, size and diameter range. by scanning electron microscopy (SEM). Mechnanical tests
were carried out after production of hanobiocomposites.

Keywords— Hydroxyapatite; p-Tricalcium Phosphate; Biodegradable; Poly(lactic acid); Polyurethane; Electrospinning;
Nanobiocomposite; Tissue Engineering
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Abstract—Pneumatic wearable walking support device (PWWSD) is especially designed to increase performance in repetitive gaiters
such as factory workers. The support of the device in the lower extremities was measured by evaluating myoelectric signals obtained from
the EMG measurement on leg muscles during the gait cycle swing phase. Twelve male volunteers were measured three times from right
side of the body on the treadmill, at the speed of 2.5 km/h for 2 minutes, without/with device, device-off and device-on. When the device
was running — in device-on mode- , there was a decrease in Rectus Femoris (RF) muscle mean amplitude of 3 volunteers as a result of
superficial EMG, an increase in mean amplitude in the remaining 9 volunteers, a decrease in 7 volunteers in the mean amplitude of Vastus
lateralis (VL) muscle, and an increase in 5 volunteers. In 2 volunteers, the mean amplitudes of both muscles measured were reduced
during instrument use (device-on mode). It was seen that the PWWSD supported these two muscles, which play a key role in movement
the thighs and legs, in the swing phase of the gait cycle during device-on mode. In conclusion, the performance can be maintained
constantly by adjusting such as thigh-leg size, person weight, and thigh-leg thickness parameters or considering walking habits of the
person in the design of such devices and providing the necessary ergonomics by using a flexible and light material in the structure of the
device.

Keywords—Wearable walking helper; Pneumatic system; EMG measurement)

I.  INTRODUCTION

Nowadays, auxiliary mechanisms are gaining importance due to the increase of the elderly population and the current working
conditions. Especially, gait ability is the most necessary functional movement during life. For this reason, except for wheeled systems,
systems which will make it easier to step are needed. Many researchers have invented and developed walker-type support system. In this
study, A PWWSD is specially designed to increase efficiency for the factory walkers during the swing phase of walking and measured the
efficiency of PWWSD on the subjects. The main aim of this study is to evaluate the myoelectric signals obtained by superficial EMG
measurement during walking and to have knowledge about the support of PWWSD to the lower extremity muscles, to create the
groundwork for new studies to be done in this topic.

Il.  MATERIAL AND METHODS

A pneumatic cylinder and its valves were mounted on a post-op knee brace with aluminum bar. Then the device was fitted to the
subjects. Three measurements from the volunteers were performed from VL and RF muscles in the right thigh region for 2 minutes on the
treadmill. In all measurements, the walking speed was set at 2.5 km/h to provide pneumatic piston activation of the PWWSD. The first
measurement was performed without the PWWSD, while the second measurement was performed with device attached, but pneumatic
piston was inactive in device-off mode in order to observe the effect of the weight of the apparatus and the adjustment points of the volunteer.
The third measurement was made while the device was active in device-on mode. Superficial EMG measurements were performed by a 4-
channel Biopac MP36R instrument and the results obtained by comparing the mean amplitudes of the myoelectric signals produced by the
muscles using the Biopac Student Lab 4.0 software were evaluated.

I1l.  RESULTS AND DISCUSSION

The myoelectric signals of RF and VL muscles of the 3 volunteers resulted in a reduction in the mean amplitude of RF and an increase in
mean amplitude of the remaining 9 volunteers. In the mean amplitude of VL, a decrease was seen in 7 volunteers and an increase was
seen in 5 volunteers. During the use of the PWWSD in 2 volunteers, the mean amplitudes measured in both muscles decreased together.
The PWWSD supports the RF in 4 volunteers and the VL in 5 volunteers in device-off mode. That means the average amplitudes of the
muscles decreased in both muscles of these 4 volunteers. In device-on mode, RF muscle of 2 volunteers and VL muscle of 5 volunteers
were supported by the PWWSD. It was seen that there was no device support in the remaining measurements. The severity of PWWSD
is thought to result in different outcomes in different volunteers due to restricting hip-knee movements during the walking cycle. So, it is
considered that the necessary ergonomics should be provided.
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Abstract— Tissue engineering focuses on clinical applications in regenerative medicine. Tissue engineering scaffolds can be used as matrices
for three dimensional (3D) cancer cell cultures to imitate the tumors and better understand tumor development and metastasis. The purpose
of this study was to reveal the effects of Etoposide (chemotherapy drug) on the two dimensional (2D) and 3D culture models. In this study,
PVA/Starch cryogel scaffolds were produced with different ratios (90:10;70:30;50:50) and prepared scaffolds were analysed by FTIR and
SEM. Swelling ratio and degradation profile of the scaffolds were also determined. 3D culture was established by culturing Human U-87 MG
glioma cancer cells within highly porous PVA/Starch cryogel scaffolds. MTT assay and SEM was used to investigate the biocompatibility of
the scaffolds and cell morphology. To investigate the drug resistance, cytotoxic effects of Etoposide were compared in 2D and 3D cell culture
models. Results show that, in addition to tissue engineering applications, scaffolds can be potentially used as 3D model systems to better
simulate the in vivo tumor microenvironment.

Keywords—3D tumor engineering, Scaffolds, Drug resistance, Polyvinyl alcohol, Starch
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Abstract—The World Health Organization (WHO) has indicated
breast cancer as the second most lethal leading cause of cancer in
women. In the advanced computerized era, computer aided
diagnosis (CAD) systems framework are generally developed to
detect and characterize the breast cancer in light of screening
mammography test. Various techniques have been developed for
mammogram screening examination to get high accuracy,
robustness and exactness. The three class classification is still an
open research area because the tumor can be benign, malignant
or normal. In this paper, a novel scheme for three class
classification study is presented. Mammogram patches are filtered
by the Columnwise neighborhood operations filter (COLFILT).
Discrete Wavelet Transform (DWT) is used to decompose the
enhanced patches into sub-band images. Six rotation and scale
invariant features are extracted by using the Dense Scale
Invariant Feature Transform (DSIFT). In last step a features
matrix is generated that is used as input to Multi Layer Perceptron
(MLP). Image Retrieval in Medical Application (IRMA) database
is used to test the proposed scheme. Simulation results have
verified the importance of the proposed idea in comparison to the
existing schemes in the literature
Keywords—Mammography, Detection,
Perceptron

cancer, Multi-Layer

I. INTRODUCTION

According to breast cancer care, United Kingdom (UK) facts and
statistic for year 2015 shows that the breast cancer is the second
most regular reason for death from disease in ladies in the UK.
Consistently around 55,000 are analysed for the breast cancer in UK,
which is like one individual in every 600 seconds interval. In UK
one women out of eight in her life time have a chance to be
diagnosed as a patient of breast cancer [1]. Breast cancer usually
takes time to develop and symptoms are shown very late. As there
is no effective way to cure later stage breast cancer, many lives can
be saved if it can be detect at early stage. Therefore for the early
detection of breast cancer it is recommended by America Cancer
Society (ACS) that every women who have risk factor of breast
cancer should take screening test once in a year [2].
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In modern technological era, CAD system widely use mammogram
screening method to classify the breast tumour. CAD system
typically rely on machine learning classifier (MLC) to classify the
tumour. It needs discriminant descriptive feature that can help MLC
to classify the image into multiple classes. In past decade various
schemes have been proposed for mammogram screen methods to get
high characterization precision, robustness and efficiency. However
it is still an open area of research.

Many researchers have studied mammogram images for two class
classification and achieved significant results. Mazurowski et al. [3]
proposed a template based a recognition algorithm for breast
masses. Their data set is based on 1,852 Digital Database for
Screening Mammography (DDSM) images and it achieved accuracy
up to 83%. Lesniak et al. [4] compared the performance of Support
vector machine (SVM) based classification with nearest neighbor
algorithms. They have used a private data set of mammography
patches containing 10,397 images. The accuracy of their model is
up to 67%. Wei et al. [5] present relevance feedback learning
method and performed classification using SVM radial kernel with
a data set of 2,563 DDSM images. Tao et al. [16] has compared the
performance of two classifier named curvature scale space, and local
linear embeded matric using a database of 476 and 415, and the
accuracy of the two classifiers are 75% and 80% respectively. Bovis
& Sing [6] and in [9] Elter & Hasslmer performed classification
using Artificial Neural Network (ANN) and Euclidean metric
classifier respectively and achieved a performance over 85 %. All
of the above mentioned researchers have used two class
classification but two class classification is not enough to avoid
unnecessary biopsy because the tumour can be either benign or
malignant. Vani et al. [12] proposed Extreme Learning Machine
(ELM) method to classify mammograms of the Mammographic
Images Analysis Society (MIAS) [13] database. Performance results
of the algorithm out performed other techniques with same database.
Jasmine et al. [14] performed two class classification with his
proposed method based on wavelet analysis using ANN. This
experiment is performed using MIAS database of 322 images and
has achieved accuracy up to 87%. In [15] Xu, et al. compared the
performance of three NN and has suggested that improved
performance through
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Figure 1: Sample images of mammogram patches

From literature, it can be seen that significant results have
been achieved for two-class classification. However, for
three-class classification, either data set is small or it has not
achieved very promising results. ANN have been widely used
for the classification of biomedical images. ANN is capable
of precision for classification particularly for biomedical
problems [11]. Standard MLP use back propagation methods
techniques, which train feed forward ANN. They are
supervised networks so they also need training. In this work,
a novel classification technique is proposed for large dataset
of mammograms using feed forward MLP. At first, a two-
class classification is carried out. The features regarding scale
invariant and rotation are extracted by using DSIFT
descriptor. Then same procedure is followed for the three-
class classification study for the malignant, benign and
normal. The patches of mammogram are filtered by the
column wise filter. DWT is used to decompose the enhanced
patches into four sub- band images. Six scale invariant and
rotation features are extracted by using the DSIFT descriptor.
In the end a features matrix is generated that process as input
to MLP. Results have verified the importance of the proposed
scheme in comparison to the existing schemes in the
literature. A flow diagram of the proposed scheme is given
in Figure 2.The rest of the paper is sorted out as follows:
Section 2 explain the feature extraction and representation.
Section 3 describes the MLP. Section 4 and 5 comprises the
simulation / results and conclusion respectively.

IV. FEATURE EXTRACTION AND REPRESENTATION

Enhancement technique is used to enhance the possibly
degraded contrast in some of mammogram images; therefore
as pre-processing step we have applied a contrast enhancement

technique i.e.

| <« (E,3) 1)

Where column wise filter enhances the image E
depending upon the global mean and global variance of the
image [29].
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A. Two - Dimensional Discrete Wavelet Transform

In the next step enhanced mammogram patch | is
decomposed into four sub groups by utilizing DWT. It is the
combination of digital filter banks and down-samplers. It
consist of high-pass (h) and low-pass (I). The quantity of
banks is set according to the desired resolution of the
architect [27]. As the mammogram image is a 2D signal,
separable wavelet functions are used to compute the DWT.
The columns and rows of the image are independently
process through the 1D WT to obtain the 2D-DWT. In

frequency domain, the mammogram patch | is subdivided
into four sub-band images at resolution 2/**.  B? is the

approximation image. B", B'and B? are three detailed
sub-band images in horizontal, vertical, and diagonal

directions respectively at resolution 21+
As the result of wavelet decomposition the enhanced

image | decomposed into four sub-band components like
igh - High (HH), High - Low (HL), Low - High (LH) and

Low - Low (LL), that correspond to sub imagesare B?, B¢
, BY and B", respectively.

B. Dense Scale Invariant Feature Transform

Next, DSIFT descriptor is applied to all the sub-bands
components. DSIFT used Difference-of-Gaussian (DOG)
function to distinguish potential interest focuses points [25],
which were invariant to orientation and scale.

D(x,Y,0)=(G(x,y,00)-G(x,y,0))*I(x,y) (2)

Where « a constant multiplier and variable scale is is
Gaussian, which is represented by G (X, Y, O') i.e.

1 —[X2+y2/202) 3)

2 (S

¢ (X, Y G) B 2nc
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Figure 1: Block Diagram

D(X,y,c)=G(x,y,ac)*l(x,y)-G(x,y,o)*l(x,y) 4)
= L(X, Y, OLG) - L(X, Y, (5)

Where scale space of an image L(X, y,aO') is the

convolution of G with an input image | (X, y). DOG was

utilized here rather than gaussian to enhance the computation
speed.

In keypoint localization stage, hessian matrix is utilized
to compute key curvatures that eliminate the edges by
rejecting the low contras point [25]. Keypoint descriptors
were find out by using a three dimensional histogram. Here
the first two dimensions correspond to image spatial
dimensions and the third dimension corresponds to the image
gradient direction and it is computed centred at the keypoints.

The DSIFT descriptor is applied to all the sub-bands with
step size 4 and radius size 5; while feature matrix having
dimension (128 x 400) are extracted for all the sub bands.

From the columns of this matrix, six statistical features
(kurtosis, mean, skewness, energy, maximum and standard
deviation) are extracted for each sub-band. The resultant
feature matrix is of the shape of (128 x 6), which is reshaped
into a vector form of (1 x 768). Coefficient weights are apply
to the sub band images according to the equation 5.

Feature vector=(3*LL+2«LH+2=+HL) (5)

Equal zero padding is performed on start and end columns
such that feature vector as (1 x 784). Enhancement and
feature extraction steps are performed on all the data set so
that we have a data matrix Y of the shape (2796 x 785),
where 2796 are the sample images and 784 features of the
each sample. Every sample has a last column label, which
belongs to its receptive patch class

V. MULTI LAYER PERCEPTRON

In the last step, the features set Y is used as input to ANN.
ANN are mostly used in classification due to significant
success in nonlinear mapping among the input features and
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desired output [26]. MLP is an ANN consist of an input layer,
hidden layer and an output layer. The number of hidden
layers depend upon the designer and application. Each node
in MLP

performs two function. At first step, it computes the weighted
sum of the input along with the bias.

n -
- B} =a,al, a2,....z (6
sj = El(wijxi) 05 J (6)

Where X, shows the i™ input, W, indicates the connection
weight from input i to j™ hiden layer, g; is bias of "

hiden layer and N is number of input neuron.

Activated function is used to generate the output of each
neuron, i.e.

Sj= f(Sj) (7
f (s;) = sigmoid (s;) and is defined as:
sigmoid(s;) = ; j=aala2,....z (8)
17 1+ exp(s)

The final output are defined as:

9)

Where W, indicates the connection weight from jth hidden

layer to output | , él is bias of I™ hidden layer and

| is the output neuron. In output layer each neuron use
activated function to generate the output, i.e.
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O| = f(0|) (10)

Where f(0;) =sigmoid(0,) and is defined as:

sigmoid(ol) =
1+ exp(—ol)

In this experiment, we use MLP to classify this data set into
three classes. To train the MLP optimal values of weights and
bias are required for desirable output. In our experiment, we
have used MLP with 500 hidden units and one hidden layer.
Figure 3 presents the basic concept of MLP.

VI. SIMULATION /RESULTS

A. Database

We have used IRMA dataset [28] for this study. Total 2796
patches of original mammogram images are used for this
experiment. Selected IRMA patches consist of four different
sources including 2,576 images from DDSM. 150 images from
MIAS, Lawrence Livermore National Laboratory (LLNL) and
Rheinisch-Westfalische Technische Hochschule (RWTH)
contribute 1 and 69 images respectively. The selected images
are further divided into two classes (normal and cancerous) and
three Classes (malignant, benign and normal) as prescribed in
IRMA dataset. The final size of mammogram images patches
are 128 x 128.

Initially a two-class classification is done by using DSIFT,
Local Configuration Pattern (LCP) and Histogram Oriented
Gradient (HOG) methods. Figure 4 shows the result of two-
class classification. It can be observed that in two-class
classification HOG method performs better with accuracy rate
83.2 %. The other two schemes LCP and DSIFT have accuracy
rates of 82.26% and 74.6% respectively. Then three-class
classification is performed by using the same methods. In three-
class classification with large dataset of mammogram images,
results from all three state of the art techniques are not very
promising so we proposed our scheme. We initially train our
model with MLP and then used the output of MLP as input for
the classifier. In this research, SVM with linear kernel is used
for classification.

832

85
| 82|26

HOG LCP

Figure 4: Two class classification accuracy rate for different methods
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Figure 5: Three class classification accuracy rate for different
methods

Figure 5 shows the result of three-class classification. Here
LCP method performs better than the other two schemes but the
results is not so promising, with the best result accuracy of
57.54%.

BVaid mTest
Tterations

Figure 6: Accuracy rate of proposed method for test and validation data
set

Figure 6 shows the results of proposed method. Note that
the classification results for three-class category obtained by
proposed scheme is more pleasing as compared to the existing
schemes in Figure 5. Proposed method achieved the accuracy
of 72.3% and 78.04% on test data set and validation dataset
respectively.

VII. CONCLUSION

Novel mammograms classification method for breast cancer
detection based on MLP is proposed. Result shows the
significance of our proposed method for large amount of
mammogram data as compared to other sate of art techniques.
In future, this method can be used with the combination of deep
neural networks techniques for more accuracy.
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Analysis of Limbic System Volume with
Atlas Based Volume Measurement
Pipeline on Alzheimer Disease

Muhammet Usame OZIC
Department of Electrical-Electronics Engineering
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Abstract— Segmentation of any region of interest in three-
dimensional structural MR images is a difficult and laborious
process. Manual segmentation of these regions is relative to user
dependence and experience. Electronic brain atlases, which have
been accepted by international standards and have proven to be
reliable, are used in the literature to address these challenges.
There are very few studies on how to use the brain atlas as a
pipeline. In this study, a pipeline was developed to measure the
volume of the brain limbic system using the atlas based
segmentation technique. Calculated volumes were statistically
compared between Alzheimer's and Normal images from the Open
Access Series of Imaging Studies database. Statistical analysis
revealed that the limbic system volume was significantly different
between Alzheimer's Patient and Normal Control, and decreased
in average. At the same time, the ratio of limbic system volume to
total brain volume was discussed in terms of its effect on the
analysis result. SPM8 and MRIcro programs were used in the
study.

Keywords— Brain Atlas, Alzheimer, MRI, Volume Measure

|. INTRODUCTION

The human brain is divided into three main parts: gray matter
(GM), white matter (WM), cerebrospinal fluid (CSF). The GM
forms the cortex layer that surrounds the outside of brain, and
subcortical regions are also present in the brain's inner parts.
The CSF is a fluid that protects the brain from impulses and the
BM is a kind of communication cables that provide
communication between GM and body functions. If any of the
body functions have lost their function because of the brain, this
is a problem caused by the degeneration of the relevant
functional center on GM. This problem is caused by the
occurrence of volumetric losses or textural defects [1].

Alzheimer's Disease (AD) is a neurodegenerative disease
that usually starts with age and is not reversible. As the AD
phases begin with mild forgetfulness, it makes it impossible for
the person to do daily work. The degeneration that begin in the
hippocampus and amygdala regions, which are memory centers
in the brain, then spread to other regions, especially the limbic
system. In addition to volumetric loss, the neurofibrillary
tangles and senile plaques wrap around the brain structures on

34

Seral OZSEN
Department of Electrical-Electronics Engineering
Selcuk University
Konya, TURKEY
seral@selcuk.edu.tr

a micro basis. The alteration of the amount of some proteins in
CSF is another biomarker in AD [2]. Rapid and accurate
segmentation of brain regions in AD and volume analysis are
important in terms of diagnosis of the disease. If the volumes of
biomarkers in AD are adequate and are followed up gradually
over time in a strong population, the stages of newcomers can
be statistically determined. The delaying medication needed to
prolong the interval of the phase can be given in time. Volume
studies done for this purpose are divided into manual and
automatic methods. Manual methods are volume calculations
by peripheral drawings of areas of interest by a specialist
radiologist, neurologist or anatomist. This method can give
relative results in terms of user dependency and inexperience.
Auto-based methods are computer programs based on brain
atlases [3]. In this study, a brain atlas based volume
measurement pipeline of the limbic system, one of the basic
lobes is initiated by AD, was developed and statistical analysis
of volume differences between AD and Normal Control (NC)
was performed.

I1. ATLAS BASED VOLUME MEASUREMENT

Atlas based approach is the mapping of the MR image to the
corresponding regions by overlapping a predefined template
image. Brain labeling studies are based on very ancient
histories. One of the first studies to be used today was made by
German scientist Korbanian Broadmann in 1909. Korbanian
Broadmann labeled the brains in 52 different regions and
defined "Broadmann Fields", which are still used in his own
name [4]. In 1988, scientists named Talairach and Tourneux
identified the Anterior Commissure (AC) as X, y, z = 0 and
designated the brain center. With reference to this point, the line
leading to the front and the back of the brain is accepted as y-
axis, the line leading to the ears is accepted as x-axis, and the
line leading to the head and neck is accepted as the z-axis. These
axes have made it practical to assign coordinates to the brain
regions according to a reference system. Talairach did this work
at the age of 60 a right-handed dominant French female
cadaveric brain. The brain is parceled with images showing the
sagittal, axial and coronal axes with high resolution [5]. Three
dimensional stereotactic space was created from the parceled
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regions and a brain mask database named "Volume Occupancy
Talairach Labels" consisting of 148 regions was produced [6].
This study has been criticized because it does not represent the
general population, mapping from a single individual. To
overcome this shortcoming, the Montreal Neurological Institute
(MNI) has continued to work for the general population, again
referring to the axis of the Talairach. The template, which is
formed by taking 305 healthy MR averages and developed by
MNI, is often used in normalization processes because it is a
representative image of all brains. The MNI and Talairach
coordinate systems differ from the points they represent, even
though the AC point is centralized. Therefore, a point in the
Talairach coordinate system may not compatible with the same
point in MNI. To avoid this incompatibility, MATLAB code
scripts such as "mni2tal” and "tal2mni" are used [7]. Developed
by Wake Forest University, the WFU Pick Atlas is a collection
of different atlases and provides the masks of the respective
regions in a practical way. The program maps the Talairach
Deamon (TD) tags (TD Broadmnn areas, TD Lobes, TD
Hemipheres, TD Labels, TD Type), Automated Anatomical
Labeling (AAL), IBASPM116, IBASPM71 atlas. The mask of
a selected region can be obtained as converted into MNI space.
These generated masks can be easily used in MNI space-aligned
structural MR images [8].

1. MATERIAL AND METHODS

The data used in the application consist of structural MR images
labeled with the Clinical Dementia Rating (CDR) from the
Open Access Series of Imaging Studies (OASIS) database.
CDR is a psychological test used to measure the degree of
illness in AD. CDRO: Normal CDRO0.5: Mild Cognitive
Impairment CDR1: mild stage, CDR2: modarete stage, CDR3:
severe stage. Dementia and normal over 60 years of age were
obtained from the database and only CDR labeled data were
taken [11]. 99 AD and 97 NC MR images were taken in three
dimensional .* nii format. 030 and 031 MR images were
removed from the work because they failed in the MRIcro
program. The imaging protocol of the structural MR images are
1.25 mm slice thickness, pixel resolution 1x1 mm without any
gap between the cross sections, the imaging protocol of TR =
9.7 ms, TE = 4.0 ms, Flip angle = 10, Tl = 20 ms, T1-weighted
MP-RAGE (Magnetization-Prepared Rapid Gradient Echo)
with a 256x256 matrix sized 1.5 T Siemens device. The
demographic structure of the population set used is given in
Table 1.
Table 1. Demographic features of the data used

NC AD
Mean Age 76.03 76.64
M/F 26/71 40/59
CDR 0 0.5(70)/1(27)/2(2)

From the database, raw MR images with image size of
256*256*160, voxel size of 1*1*1, prefixed with "OAS1 x
xxX_MRy_mpr _ni_anon_sbj_111" were taken. Since the

35

limbic system is a part of GM, it must be segmented into MNI
space by preserving the GM's volume from the raw MR images.
For this, Voxel Based Morphometry toolbox (VBMS)
(http://www.neuro.uni-jena.de/Vbm/) [9], working under
Statistical Parametric Mapping (SPM8) [10] (http://www.fil.
ion.ucl .ac.uk/spm/) library was used. VBMS8 offers a practical
application since it performs noise reduction, normalization and
segmentation in one interface in one operation. The DARTEL
method, which has proven to be better than many methods for
registration, has been chosen [12]. In the study, modulated
normalized GM used the "affine + nonlinear" option, which
preserves the volume after normalization. Although the VBM8
normalizes to the MNI space, the coordinate shift originates
because of the default Tissue Probability Map (TPM) in
VBMS. This shift is corrected by performing "Coregister”
operation on the TPM with the AC point (x,y,z)=0 so that the
modulated GMs exactly register with the AC point (X,y,z)=0.
There is no interpolation during this process, only the image is
shifted axially. The limbic system mask created with Wfu Pick
Atlas was produced in the MNI space, with AC points
(x,y,2)=0. However, since the voxel size is incompatible with
GM, the masks are resliced using the "coregister" operation and
the "nearest neighbor" interpolation method. As a result of this
process, the GM and the mask were placed on the same
coordinate plane with the same voxel size. The volume
calculator was implemented with the "get totals.m" script
developed by Ged Ridgway
(http://www.cs.ucl.ac.uk/staff/g.ridgway/vbm/get_totals.m).
This script offers practical use in the volume calculation of the
GM images that have been specially Jacobian determinants and
the masks overlapping under GM. The preprocessing and
volume calculations performed in Figure 1 are shown on the
patient flow diagram with OASIS 028. Significance of Limbic
system volume difference between AD and NC was analyzed
by using MATLAB statistical tool.

IV.EVALUATION

All images taken from the OASIS database were processed
through the operations shown in Figure 1 one by one. The total
brain volume was summing up by calculating the volumes of
GM, BM, BOS images modulated by VBMS library with
"get_totals.m" script. Differences between the two groups were
examined by t-test in MATLAB. The statistical results and
some descriptive statistics obtained in Table 2 are given.

Table 2. Statistical results and some descriptive statistics

AD NC Stats
Mean Std Mean Std p
Limbic
Lobe(ml) 53.148 6.092 56.087 5443 5E-04
Limbic
Lobe/TIV_  0.0391 0.003 0.0416 0.002 2E-11
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As shown in Table 2, the Limbic system volumes were

higher in NC than in all brain normalization and non-
normalization measurements with respect to AD. The limbic
lobe volume and TIV ratio between AD and NC were
statistically significant (p<0.05). However, the ratio of the
limbic system to the TIV was statistically more significant.
Because each person's brain size is different, volume
measurements differ from person to person. However, this
bias can be corrected by normalizing any region volume to
TIV as proven in this study.
When looked at the box-plot graph shown in Fig 2a, it shows
outliers. This discrepancy is due to the fact that the total brain
volume of each person is different. Even if the disease
progresses, the total brain volume does not change, but the
ratio of the functional regions in the brain to the total brain
volume changes. Because of this, the brain regions measured
in the literature are often normalized to the total brain volume.
In Fig 2c, the outliers are moved together with the other
outputs due to this normalization. In both box-plot charts, the
median volume of the limbic system of NC is higher than the
AD as expected. Fig 2b and 2d show the distribution of raw
limbic lobe volume and TIV normalized limbic lobe,
respectively. Fig 2d shows the normalized segmented
modulated GM image with the superimpose of the limbic lobe
mask and Fig 2e shows the three-dimensional shape of the
limbic system mask in the brain. The limbic systems shown
in both figures are very similar to the limbic system in the real
brain.

V. CONCLUSION

In three-dimensional MR images, segmentation and volume
calculation of the corresponding region is a difficult and
laborious process. Since the boundaries of the corresponding
regions are not clear in the MR images, it is almost impossible
to find the transition regions by image processing methods.
GM, WM and CSF volumes can be easily calculated after the
segmentation process. However, brain atlases must be used to
calculate the subcortical zone volumes of the gray matter.
There are programs such as FSL [13] and Freesurfer [14] that
calculate automatic volume in the literature. However, since
analysis with Freesurfer takes a lot of time for an MR image
and FSL may not offer practical use because it only calculates
certain subcortical regions.

In this study, a practical pipeline for atlas based volume
calculation of three dimensional MR images was proposed.
The volume calculation for the limbic system in which the
most volume loss occurred in AD was realized. A statistically
significant difference was found when the limbic system
volume was analyzed statistically between AD and NC. This
significant difference is consistent with the literature. The
masks and borders produced are discussed with an anatomist.
The size inconsistency between the MR image and the atlas
generated mask has been removed with some preprocessing.
With this pipeline, statistical differences can be analyzed by
calculating brain volume not only for limbic system but other
lobe volumes. At the same time, subregions belonging to the
lobe regions can be calculated with the pipeline developed by
creating masks with Wfu Pick Atlas. These values will be
calculated in other neurodegenerative diseases such as
Parkinson, Frontotemporal dementia and used in future
studies for pattern recognition and artificial intelligence.
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Abstract— In situations such as congenital spinal defects, degenerations, tumors, spinal trauma, it is often necessary to use an implant to
re-establish stability and bring the vertebrae in line. Any operation with a higher degree of difficulty contributes to the development of next
generation equipment. It has become compulsory to work on modifying or completely replacing old systems due to the difficulties or
deficiencies identified by the surgeon.

Studies on modern biomechanics have made considerable progress in terms of understanding the mechanism of musculoskeletal
movement. Innovative spinal implants have begun to offer a variety of internal fixation concepts for spinal stabilization. In this context new
types of materials and designs have emerged, more successful surgical interventions and treatment methods have been developed. Nowadays,
many similar principles are presented in pedicle screw / rod systems in different designs. The advantages and disadvantages of these systems,
especially in terms of biomechanics, are the subject of this extensive work.

Spinal systems are implants commonly used in vertebral injuries and spinal injuries that require surgical intervention. It is very important
that spinal systems are implanted correctly in diseases such as scoliosis, which makes the daily activities of people difficult. Thus, the so-called
rod, which directly affects the spinal curve in the implant system, is an important part of this system. The geometric changes in the rods directly
affect the biomechanical performance of the spinal implant. At the same time, less rigid rods increase patient comfort and this geometry
improves the mechanical performance of the system. In this context, the literature includes rod designs with different geometric properties.

In this study, rods with three different geometries were designed and their effects on the dynamic rod structure were investigated. Solid
models of parts were obtained using SolidWorks 2014 software. The mechanical tests of the obtained models were analyzed by ANSYS
Workbench 17.0 software. These analyzes consist of tensile, compression, bending, torsion and fatigue tests. In this study, it was aimed to
increase the fatigue life and strain value of the models subjected to biomechanical tests. Models that designed under the same load are expected
to be less rigid than standard models and therefore they are more suitable for dynamic rod construction.

Keywords— Spinal implant; dynamic rod; scoliosis; biomechanical testing; finite element analysis
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Abstract— Saffron is one of the highly prized spices known since ancient times for its color, taste and disease treatment. Saffron spices obtain
from stigma of Saffron plant (Crocus sativus). This plant is a sterile geophyte. The natural propagation rate of most geophytes including
saffron is relatively low. The aim of this study determination of corm forming capacity of saffron sprout. The saffron corms obtained from a
farmer from Safranbolu in Karabiik province of Turkey. The corms were descaled and thoroughly washed under running tap water for 1h
and then cleaned with the detergent Tween-20. These corms were then surface-disinfected with PPM. Murashige Skoog media [1]
supplemented with 3% sucrose, 0.8% agar and diferent concentation and combination of PGR (BAP, NAA, 2,4D) used for in vitro corm
regeneration from saffron sprout.

The cultures were incubated at 24 °C under 16/8 h (light/darknes) photoperiod with a light intensity approimately 3000 lux. 1 0.5 mg I-1 BAP
+ 0.5 0.5 mg I-1 NAA resulted in maximum corm regeneration [2].

Keywords: Saffron, corm regeneration, sprout
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Investigation of the Cytotoxic Effect of Lavandula
dentate on Glioblastoma Cell Line
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Abstract— Glioblastoma multiforme (GBM) is the IV grade of
glioma which is the most aggressive and the most frequent of the
primary brain tumor. This highly invasive tumor has very poor
prognosis and the lifespan of the patients generally couldn’t be
more than 15 months after the diagnosis. In many cases, the
tumor can gain resistance against the treatment. Therefore,
developing new therapy strategies, finding new approaches and
combining them with the existing methods have importance to
be able to prolong the lifespan of patients and fighting with this
lethal tumor. In this study it was aimed to investigate the
cytotoxic effect of Lavandula dentata, an aromatic
Mediterranean plant in the glioblastoma and fibroblast cell
cultures. Inspired by the traditional medicine, the plant was
prepared as an infusion solution. Studies were carried out with
the Glioblastoma (GBM) (U87 MG) and Mouse Embryonic
Fibroblast (MEF) cell lines. Cytotoxic effects were determined
by the neutral red cell viability assay

Keywords— Glioblastoma multiforme; U87MG; Lavandula
dentata; Lavender

[5] Introduction

Glioblastoma multiforme (GBM) is an aggressive and
invasive type of primary brain tumor [1-3]. GBM is a
vascular tumor with very poor prognosis [4]. The usual
treatment of the GBM is surgical resection, radio- and
chemotherapy. Despite the important advances in treatment
strategies, the lifespan of the patients generally couldn’t be
more than 15 months after diagnosis [5-9]. There are so many
molecular alterations which involve in the development of

GBM and cause to gain resistance to radio- and
chemotherapies [10].
Lavender (Lavandula) is an aromatic, evergreen

Mediterranean plant belongs to Lamiaceae family [11]. Like
many plants belonging to the Lamiaceae family, lavender has
served traditional medicine for hundreds of years. Nowadays
it is greatly used in aromatherapy as a relaxant and widely
used in cosmetic and food industries [11], [12]. In addition to
that, many studies have shown that the various species of
lavender including Lavandula angustifolia, Lavandula
stoeches and Lavandula dentata, possess antibacterial, anti-
inflammatory and anticancer properties [13]-[15]. One of the
lavender species used in traditional medicine for various
purposes is Lavandula dentata [16]. Lavandula dentata also
has cytotoxic and antioxidant activity [17]. Besides, it was
observed that Lavandula dentata had the highest anticancer
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potential among different plants against human breast
adenocarcinoma (MCF7) cells [18].

[6] MEeTHOD

A. Cells and Culture Conditions

The study was constructed using Glioblastoma (GBM,
U87 MG (ATCC® HTB-14™)) and Mouse Embryonic
Fibroblast (MEF, (CF-1) (ATCC® SCRC-1040™)) cell lines.
The GBM cells were provided by Asst. Prof. Tuba Bagci
Onder (Kog¢ University, Faculty of Medicine, Bagc1 Onder
Laboratory) and the MEF cells were provided by Assoc. Prof
Devrim  Gozliagikk  (Sabanci  University,  Gozuacik
Laboratory). The cells were seeded into 24 well plates (40000
GBM cells and 10000 MEF cells/well), and cultured with
Dulbecco’s Modified Eagle’s medium (DMEM, Lonza,
Belgium) which was supplemented with 10% fetal bovine
serum (FBS, South America) in a humidified incubator at 37
°C in which the CO2 level was kept constant at 5%.

B. Preparation of the Lavandula dentata Infusion

Lavandula dentata was collected from Adana, Turkey and
the infusion solution was prepared as indicated below;

1,5 grams of the herbal were added to 50 ml of double
distilled hot water (90°C). After ten minutes it was sterilized
by a 22 uM pore sized filter.

C. Cytotoxic Effect of Lavandula dentata on GBM and
MEF cells

On the second day of the culture, Lavandula dentata
infusion solutions were given to cell cultures, except the
control group, in the proportions equivalent to 1/25, 1/15, 1/10
(v/v) and only ddH20 was given to the control group in the
equivalent volume of infusion solutions. GBM cells have
exposed the infusion solution 3 and 5 days. MEF cells have
exposed the infusion solution for 5 days. Each day the culture
mediums were refreshed. At the end of the incubation periods,
cytotoxic effects were measured by the neutral red cell
viability assay.

D. Cytotoxicity Assay

Cell viabilities were tested by neutral red assay. As regards
the neutral red assay, firstly the growth medium was removed
after the incubation period, and 500 pL of neutral red solution
was added to each well. Cells were incubated for nearly 2
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hours until the red precipitates became visible. Following the
growth of visible red precipitates, 1000 uL of neutral red
solubilization solution (50% absolute ethanol, %1 acetic acid
and % 49 ddH,O mixtures) was added to each well. Plates
were incubated for nearly 1 hour until the red precipitate
completely dissolved. Absorbance values of each well were
measured at 540 nm using a spectrophotometer (Shimadzu
UV-VIS, UVmIini-1240, Japan). All tests were performed in
triplicate. Cell viability percentages were calculated with
respect to control groups.

[7] RESULTS AND DISCUSSIONS

Neutral red assay results indicated that increased
quantities of Lavandula dentata inhibited the survival of
GBM cells (Figure 1). However, the most significant result
was observed in the fifth day of the GBM culture with 1/10
(v/v) Lavandula dentata. The viability of GBM cells was
reduced by nearly 46%. The results showed that Lavandula
dentata has cytotoxic and antiproliferative activity for the
GBM cells.
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Fig. 1.  The neutral red cell viability assay results of 3 and 5 days cultured
UB7MG cells.

According to neutral red assays, it was also observed that
the viability of MEF cells were reduced in the Lavandula
dentata added cultures (Figure 2). But the antiproliferative
effects in the MEF cell cultures were less than that of the
GBM cell cultures.
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Fig. 2.  The neutral red cell viability assay results of 5 days cultured
UB7MG and MEF cells.
[8] CoNCLUSION
This study indicated that Lavandula dentata has cytotoxic
effect for the GBM cells. 1t may contribute to researches that
aim to develop new strategies for the treatment of GBM.

Moreover in the future as the continuation of this study, it is
planning to investigate the effect of Lavandula dentata in
combination with the several chemotherapeutic agents in
different cell lines to be able to develop new approaches.
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Abstract— Fritillaria is represented World wide by 7 subgenera, 2 sections, and 165 taxa. In Turkey is showing a wide distribution area there
are 45 taxa Fritillaria genus is that 19 of them endemic to Turkey [1]. Fritillaria minuta which is an endangered species shows distribution in
Eastern Anatolia and South East Anatolia. The plant has very showy red and brown-orange flowers [2].

This study was carried out with aim to determine in vitro micropropagation potential of F. minuta bulbs of the plant that were cultivated at
the Department of Bioengineering, Firat University, Elazig, Turkey, at 2015. For in vitro tissue culture, the bulbs were carefully selected from
disease free material without any injury on the them. At tissue culture studies, parts of bulb scales which is obtained Fritillaria minuta, petals
of not open flowers and stems of flowers were used as the explant source. Murashige and Skoog medium as the primary food (MS) was used
[3]. Murashige and Skoog was used as the primary nutrient medium. As plant growth regulators, different combinations of 6 Benzyl amino
purine (BAP), indole acetic acid (IAA) and a-naphthalene acetic acid (NAA) was added to nutrient medium. At sterilization of surface process,
to ensure the best sterilization, considering literature, it was prepared preliminary various protocols.

The best results in carried out the preliminary experiments for sterilization were taken from treated explants in Tween 20 was added dropwise
30% sodium hypochlorite (20 min), 70% ethyl alcohol (1 min) and sterile distiled water. At two different concentrations of sucrose (30% and
60%); Plant growth regulator (PGR Plant Growth Regulator = PRG) free, 1 mg /1 BAP + 0.6 mg/ L NAA + 0.4 mg / L 1AA containing, 0.1
mg /L BAP + 0.6 mg/L NAA + 0.4 mg / L containing media were prepared. Plates completely wrapped with stretch film are incubated at 20+
1° C under 16 hours white fluorescent light (30 umol m>s) and 8-hour dark photoperiod. The most effective culture medium was containing
%30 sukroz, 1 mg /I BAP + 0.6 mg /I NAA + 0.4 mg /| IAA. It was observed that the cultures induced excessive somatic embryos were formed
from bulbs of F. minuta at culture medium. In this study was obtained direct organogenesis, callus and indirect organogenesis from pieces of
bulb scales. The results showed that F. minuta could be successfully propagated using in vitro techniques.

Keywords— Fritillaria minuta, in vitro micropropagation, bulblet
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Evaluating Household Water Filtration Systems
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Abstract— Accessing to clean water is very important in order to protect human health. Realization of minor changes in parameters such
as smell, color or taste or misdirected news on the visual/written media led public to use bottled water or residential water filtration systems in
the cases of crowded households for economical reasons to clean the tap water instead of buying bottled water. The aim of this study was to
investigate public awareness on the residential water filtration systems.

A total of 5139 people participated the survey according to simple random sampling method. The survey was completed by using face to
face interview and computer aided telephone interview (CATI) methods. The collected data were analyzed by using SPSS V11.5.

For the research, a total of 5139 people were surveyed. 29% of the respondents stated that they prefer not to use municipal water as drinking
water while 53,9% stated they do not prefer drinking municipal water as drinking water because they do not believe it is clean enough to drink.
It is determined that of all the respondents 13,4% were using residential water filtration systems(WFS) while the main purpose of the usage
was to clean the water from pathogenic microorganisms.

The respondents (82%) stated that they knew the proper frequency to replace water filter cartridges. When definition of the WFS were
asked 34,4% of them said “a sanitation process to remove all of the harmful substances and impurities as well as living microorganisms, or
decrease them in number”.

The behavior of the use of WFS showed statistically significant relationships with the variables age (x2= 30,75; P<0,05), education level
(x2=6,17; P<0,05) and income (x2= 6,17; P<0,05). Also profession of the household head (x2= 24,29; P<0,05) variable showed statistically
significant relationship with the behavior of the use of WFS. Similar findings were observed that consumption of municipal water was
decrease, when age-earnings profile and education level were increase.

One of the most important outcome of the research is that the tendency to use WFS increase with age. Because of the parameters income,
education level, profession of household head is related with the age, an increase in these parameters lead to an increase in WFS usage
frequency.

In conclusion of the survey, even though people were aware of the replacement of filter cartridges, one of the most important aspects of
the water filter devices, and get warned about this replacement by the vendors; the importance of the replacement is not fully understood by
the public.

Keywords— Clean water, public health, residential water filtration systems, public awareness.
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Abstract— The blood in the vein is called blood pressure or
tension. It depends on the amount of blood pumped by the heart
and the resistance of the vessels to this flow and the flexibility of
the arterial walls. Very low values than optimum blood pressure
and very high values than normal blood pressure are important.
With this aim, Noninvasive Blood Pressure Analyze with
LabVIEW offers an insight into us. LabVIEW is a graphical
programming language that uses a Dataflow model instead of
sequential lines of text code. LabVIEW runs principle of Data flow
programming that allows multiple operations to work in parallel.
So, designers spend less time than a text based programming
language. Application areas such as signal processing, image
processing and Data analysis are available. In this paper,
LabVIEW- based Noninvasive Blood Pressure Analyze (NIBP)
using different Data and to obtain systolic/diastolic pressure. As a
result of this, the current data are divided into optimum blood
pressure, normal blood pressure and prehypertension.

Keywords—LabVIEW:; blood pressure; elliptic filter.

l. INTRODUCTION

Blood Pressure (BP) is the pressure that the blood in the vein
bed makes to the vein walls during the flow. It depends on the
amount of blood pumped by the heart and the resistance of the
vessels to this flow and the flexibility of the arterial walls [1].
As the heart contracts, blood is pumped into the arteries. This
increases the pressure in the arteries, while the pressure
decreases in the heartbeats. As a consequence of this, the BP is
indicated by two values, namely systolic pressure and diastolic
pressure and the unit is millimeters of mercury (mmHg) [2]. In
general, systolic pressure is known as hypertension, while
diastolic pressure is known as hypotension. With BP
measurement, it is decided which characteristics the person
exhibits from optimum, normal, hypertension, hypotension and
prehypertension. The optimum BP is below120/80 mmHg. The
normal BP is below 130/85 mmHg. Hypertension is higher than
normal accepted values and one of the most important health
problems. The BP is above 140/90 mmHg. Hypertension can
lead to headache, dizziness, and can lead to heart-kidney
disorders, paralysis and visual disturbances if not noticed.
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Hypotension is abnormally low BP that is 90/60 mmHg below.
It can occur due to many reasons such as sadness, stress, long-
term hunger and vitamin deficiency. But every low BP not
indicate a health problem. Prehypertension is used to describe
patients whose BP is elevated but still within normal limits. The
BP is between 120-139 mmHg systolic and 80-89 mmHg
diastolic [3]. BP monitors should be considered to prevent
serious illnesses and situations that could cause life-threatening
injuries. The aim of this paper to investigate LabVIEW- based
Noninvasive Blood Pressure Analyze (NIBP) using different
Data and to obtain systolic/diastolic pressure. As a result of this,
the current Data are divided into optimum pressure, normal
pressure and prehypertension.

The structure of this paper is as follows: Second section
includes preprocessing of signals, database signals taken from
LabVIEW. Third section includes evaluation of results. The last
section includes conclusion and future works.

Il.  MATERIAL AND METHODS

A. Database

Signals required for paper are taken from the LabVIEW
own Database. Signals of three Databases that are
NIBP_Data_1, NIBP_Data_2, NIBP_Data_3 were used to
examine. Each signal is sampled at intervals of 0.002 for 31, 32,
27 seconds, respectively. These signals correspond to
prehypertension, normal and optimal respectively.

B. LabVIEW

LabVIEW is a graphical programming language that uses a
Dataflow model instead of sequential lines of text code.
Comparison of the other language, LabVIEW runs principle of
Data flow programming that allows multiple operations to work
in parallel [4,5]. It provides that acquires of bioelectrical signal,
preprocesses and analyzes them.

LabVIEW is a software based graphical programming
language that consists of front panel and block diagram. The
sections where the user interface prepares and the code is written
correspond to front panel and block diagram, respectively. The
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block diagram of designed system is shown in Figure 1.
LabVIEW is called a Virtual Instrument (VI) because it
resembles the physical instruments used in the laboratory with
the way it works [6]. The biomedical workbench toolkit in
LabVIEW allows applications such as recording, by sensor with
DAQ hardware, and viewing bioelectrical signal, heart rate

variability (HRV) analysis, ECG Feature Extracture and
Noninvasive Blood Pressure Analyze By file format converter,
the files are converted into different types of file formats for the
various applications. For instance, it supports .hea, .tdms, .mat,
.rec extensions file [7]. In this paper, .tdms extensions file was
used.

systolic threshold systolic pressure
v "

diaszalic threshold
¥

pulse wave
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Fig 1. Block diagram of designed system

C. Preprocessing

Used signals are recorded with many low frequency
undesired noise caused by the circulatory system. Filtering
should be done to suppress them. For this, lowpass elliptic filter
was chosen. An elliptic filter is a signal processing filter with
equalized ripple behavior in both the passband and the stopband
[8]. The level of ripple on each band is a configurable filter. As
the ripple in the pass-band approaches zero, the filter becomes a
Chebyshev type I filter, as the ripple in the stop-band approaches
zero, it becomes a Chebyshev type Il filter and both band
approaches zero, filter becomes a Butterworth filter. Although
this filter has ripple both band, it has a rapid decline from the
pass band to the stop band. With this filter, undesired signals
removed then with BP analyzer systolic/diastolic and mean
arterial pressure (MAP) were obtained.

[9] RESULTS AND DISCUSSION

Mentioned techniques have been applied to BP signals to
obtain systolic/diastolic BP and MAP value. In order to interpret
the results obtained, the values that the World Health
Organization (WHO) prescribes for BP limit values are taken as
references. The classification of BP by the World Health
Organization International Hypertension Committee is given in

Table 1. Obtained BP results are shown in Table 2.
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Figure 2 shows NIBP_Data_1, Figure 3 shows the result of
the analysis, Figure 4 shows the NIBP_Data_2, Figure 5 shows
the analysis result, Figure 6 shows the NIBP_Data_3, and Figure
7 shows the analysis result.

TABLE 1 CLASSIFICATION OF BP

Category systolic, mmHg diastolic,
mmHg
Hypotension <90 <60
Normal <130 <85
Optimal <120 <80
Prehypertension 130-139 85-89
Stage 1 hypertension | 140- 159 90-99
Stage 2 hypertension | 160-169 100-109
TABLE 2 OBTAINED BP RESULTS
Category systolic, diastolic, MAP
mmHg mmHg mmHg
NIBP Data 1 | 131 86 93
NIBP_Data 2 | 122 72 83
NIBP_Data_3 | 107 64 72




Pulse Wave (mmHg)

Tine

Fig.2 NIBP_Data_1 Signals

‘u

‘lz” [Fd J‘} l/“ LJ‘J | LA w\"’

1 1
80 90 100 10 120 130 140

Cuff Pressure (mmHg)

Fig.3 Analyze results of NIBP_Data_1 Signals

Pulse Wawe (mmHg)

Time

Fig.4 NIBP_Data_2 Signals

1,} I/m |J

70 30 9CI 10[!' 11(!'
Cuff Pressure (mmHg)

Fig.5 Analyze results of NIBP_Data_2 Signals

48

"_HT

|L/ L/ l/’l,ﬂ




oNI ]’6‘

“lggst’

RALY
tpps?

International Conference on Advances and Innovations in Engineering (ICAIE)

NIBP3 Signal

Amplitude

Time

Fig.6 NIBP_Data_3 Signals

pulse wave

n7|
—ﬁﬁ
*\,*

P

:"‘//

VI

Cuff Pressure (mmHg)

Pulse Wave (mmHg)

IE

ﬁ_
‘/ ‘; i IJL/'L,,/‘“L'“ L/“W'LJJLM-J

a0

1 | 1
100 10 120

Fig. 7 Analyze results of NIBP_Data_3 Signals

Obtained results show that NIBP_Data_1 corresponds to
prehypertension, NIBP_Data_2 corresponds to normal BP and
NIBP_Data_3 corresponds to optimal BP.

[10] CoNcCLUSIONS

Low BP and high BP are important health problems.
Especially, hypertension is one of the most important health
problems in the world that requires regular checking.
Prehypertension is used to describe patients whose BP is
elevated but still within normal limits. The optimum BP is
below120/80 mmHg. People with pre-hypertension are more
likely to have a risk of myocardial infarction and fallacies than
people with normal BP. The normal BP is below 130/85 mmHg.
Hypotension is abnormally low BP that is 90/60 mmHg below.
It can occur due to many reasons such as sadness, stress, long-
term hunger and vitamin deficiency.

So, in this study, it is provided to measure BP level with the
developed LabVIEW algorithm. Simple usage of graphical
structure allows to observe BP level to the doctor or the patients.
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In future studies, classification models will be tried to be
improved.
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Abstract— Saffron (Crocus sativus L.) is a monocotyledonous plant of the Iridaceae family that produces annual renewal corms which
are indispensable for their propagation, since the plant is triploid and sterile (1). Saffron is a cormous plant which is one of the most economic
valuable plants as medicinal and aromatic ingredients world wide. Saffron is used mainly dye, food, drug and pharmacology industries. It has
analgesic and sedative properties so folk herbal medicines have used for some diseases. Saffron consumption is rising but production is not
well-proportional. Plant tissue culture technique like micropropagation has been used for the propagation of saffron. In our study, sprout

explants were culture Murashige Skoog media (2) sup