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Abstract

Earthquakes that frequently occur in Turkey may cause structural damage in structures, and/or existing
structures cannot provide the new earthquake code requirements. This matter requires us to check the static
suitability of existing structures and strengthen them when necessary. In this article, a comparative evaluation
of two different strengthening projects, which are considered to be implemented in Kalaycilar primary school
in Yenice district of Karabiik province, according to 2007 and 2019 Turkish earthquake regulations, is made.
For this purpose, the survey projects of the said school building were first prepared, and laboratory experiments
were carried out according to the level of comprehensive knowledge. Then, according to the findings obtained
from the laboratory experiments, the performance analyses of the school building in question were made
according to the 2007 and 2019 Turkish earthquake regulations. According to carried out the performance
analyses, two different strengthening projects prepared for the school building have presented some results and
suggestions by comparing the 2007 and 2019 Turkish earthquake regulations. The findings obtained reveal that
there is more than one option for strengthening a reinforced concrete structure, and all parameters should be
evaluated together when deciding to strengthen the structure in question.
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2007 ve 2019 Tiirk Deprem Yonetmeliklerine Gore Yenice Kalaycilar flkokulunun

Farkh Giiclendirme Projesinin Degerlendirilmesi

Oz

Tiirkiye’de siklikla meydana gelen depremler yapilarda yapisal hasarlara neden olabilmekte ve/veya mevcut
yapilar yeni deprem yonetmeligi gerekliliklerini saglayamamaktadir. Bu husus mevcut yapilarin statik agidan
uygunlugunu kontrol etmemizi ve gerekli durumlarda giiglendirilmesini gerektirmektedir. Bu makalede
Karabiik ili Yenice ilgesindeki Kalaycilar ilkokulunda uygulanmasi diistiniilen iki farkli gliclendirme projesinin
2007 ve 2019 Tiirk deprem yonetmeliklerine gore karsilastirmali degerlendirilmesi yapilmaktadir. Bu amagla
once s6z konusu okul binasinin réléve projeleri hazirlanmis ve kapsamli bilgi diizeyine gore laboratuvar
deneyleri gerceklestirilmigtir. Daha sonra laboratuvar deneylerinden elde edilen bulgulara gore s6z konusu okul
binasinin 2007 ve 2019 Tiirk deprem yonetmeliklerine gore performans analizleri yapilmistir. Yapilan
performans analizlerine gore okul binasi i¢in hazirlanan iki farkli giliglendirme projesi 2007 ve 2019 Tiirk
deprem yonetmeliklerine gore karsilastirilarak bazi sonuglar ve oneriler sunulmaktadir. Elde edilen bulgular
betonarme bir yapimnin gii¢lendirilmesinde birden fazla secenegin oldugu ve s6z konusu yapinin
giiclendirilmesine karar verilirken tiim parametrelerin birlikte degerlendirilmesi gerektigini ortaya koymaktadir.

Anahtar Kelimeler: Betonarme binalar, onarim-giiglendirme, performans analizi
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1. Introduction

Due to its location, Turkey is a critical region in terms of seismicity. Therefore, earthquake-
resistant building design is very important for civil engineers in Turkey [1, 2, 3, 4]. On the other
hand, it is compulsory to evaluate the existing buildings, with economic factors being the main
effect. For this reason, the number of buildings whose performance analysis has been carried
out has been increasing recently. The earthquake codes used for this purpose allow the
application of many methods for performance analysis and strengthening existing buildings.

After the recent earthquakes in Turkey, it has been seen that many reinforced concrete structures
need to be repaired and strengthened. As a result of the observations and performance analyses
made in reinforced concrete structures, it has been understood that the lateral stiffness of most
of them is insufficient [5]. Cast-in-situ shear walls are the most preferred and applied
strengthened methods that will provide lateral rigidity to the structure in question in reinforced
concrete structures. However, applying this strengthening method is a disadvantage as the
structure in question is emptied and cannot be used for a long time. For this reason, many
researchers have turned to developing structurally effective, easy-to-apply, and economical
strengthening methods [6-12]. In addition, in some references, design principles related to the
evaluation and strengthening of existing buildings according to Specification for Buildings to
be Built in Seismic Zones (SBBSZ) and Turkish Building Earthquake Code (TBEC) were given
comparatively [5, 13].

After the last earthquakes in our country, administrations demand performance states of public
buildings hence performance analyses. The performance status of public buildings for which
performance analysis is requested (especially in buildings designed according to the 2007
earthquake regulation but not completed) is evaluated according to the regulations of the year
they were built. When this is the case, it is aimed to reveal the performance differences between
earthquake codes in this article. On the other hand, both the administration's requested issues
and the cost of the retrofitting processes to be made by the owner reveal different results
according to the regulations.

Since Karabiik province is a critical region in terms of seismicity, it is very important to examine
the school buildings that have completed their economic life according to the current
regulations. In this article, a reinforced concrete school building was chosen as an example to
obtain information about the static sufficiency of school buildings. Laboratory studies were
performed first according to the comprehensive knowledge level specified in the TBEC. Then
in the light of the data obtained from the experiments, the school building in question performed
performance analyses by modeling in the Sta4-CAD program [14]. The findings obtained from
the structural analyses were evaluated according to the SBBSZ and TBEC, and strengthening
methods were proposed [15, 16].

2. Gathering Information About Kalaycilar Primary School
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This study examined Kalaycilar primary school, located in the Yenice district of Karabiik
province. Kalaycilar primary school was chosen as the sample school building because the cost
of strengthening is rational compared to the cost of rebuilding, and it has not completed its
economic life. Kalaycilar primary school structural system consists of a 3-story reinforced
concrete frame and shear wall, and the construction year was 2005. Accordingly, the school
building consisting of ground, 1% and 2" normal storeys is 1051,02 m? in total (see Figure 1).
The ground storey of Kalaycilar primary school is 3,55 m high, and the 1% and 2™ typical storeys
are 3,15 m high. Since no project exists for the mentioned school building, static and
architectural survey projects were prepared [13]. On the other hand, the performance results of
the said school building are more likely to be sufficient according to today's regulations.
Experimental studies were carried out according to the comprehensive knowledge level of the
school building whose projects were prepared. Accordingly, 4 core sampling were taken from
each storey (see Table 1). From this table as a TBEC condition, when the bigger average-
standard deviation or 0,85 *average values is considered as the existing concrete compressive
strength, 20 MPa on the ground storey, 13 MPa on the 1% storey, and 12 MPa on the 2" storey
are considered. In addition, the detection of destructive reinforcement (peel test) was carried
out with 4 structural elements on the ground storey and 3 structural elements on the other
storeys. In addition, the non-destructive reinforcement detection method (X-ray) was performed
on 40 structural elements throughout the building (see Figure 2~Figure 4). The studies
performed on detecting destructive reinforcement in the said school building are shown in
Figure 5 and Figure 6.

Figure 1. A view of the Kalaycilar primary school building

Table 1. Obtaining the average pressure values for the existing drilling core results of
Kalaycilar primary school

Compressive Evaluation of the | Standard deviation
t A SD A *0,85
Storeys Strength (N/mm?) lowest value values (SD) verage verage
15,89
Ground 20,88 21,38%0,75=16,04
’ ; ’ ’ 20,53 18,17
storey 22,37 16,04 > 15,89 0.85 0.5 ’
20,90
10,03
15,96 16,14*0,75=12,105
15 st ’ ’ ’ ’ 4,4 11,68 13,71
storey 20,69 12,105 > 10,03 46 : :
11,77
2™ storey 19,39 15,73%0,75=11,8 3,1 11,78 12,64
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Figure 3. Structural elements where experiments are performed on the 1% storey
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Figure 4. Structural elements where experiments are performed on the 2™ storey
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Figure 5. Locations of the peel test structural elements on the ground storey of Kalaycilar

primary school

i 4 LA B e
Ground SZ13 column Ground-storey SZ16 column  Ground storey PZ05 shear wall Ground K112 beamGround SZ27 beam

Figure 6. Views from the scraping process applied to some structural elements of Kalaycilar
primary school

3. Structural Analyses of Kalaycilar Primary School

The performance results were obtained by performing a pushover analysis in the Sta4-Cad
program of the Kalaycilar primary school building. In the Sta4-Cad program, plastic hinge
properties are automatically assigned to structural elements. In this article, the lumped plastic
hinge model is preferred in the analyses. In addition, pushover analyses of Kalaycilar primary
school can be performed as single-mode and multi-modal. For the single-mode pushover
analysis to be valid, the building height class, torsion coefficient, and mass participation rates
in TBEC are considered. Accordingly, since the mass participation rates in the x and y
directions of the school building are less than 70%, the results of the unimodal pushover
analysis cannot be verified. For this reason, the multi-modal pushover analysis method was
applied as the calculation method. On the other hand, the processes of the panel elements and
the columns sheathing used for strengthening in the Sta4-Cad program are modeled by
considering the regulations.

For structural analyses, the model of Kalaycilar primary school was created as in Figure 7 with
the Sta4-Cad program, considering the TS498 and TS500 codes [17, 18]. An earthquake-free
analysis was made, and cross-section adequacy was checked when the school building did not
have application projects. As a result of the earthquake-free analyses, it was seen that there
were no insufficient structural elements and that the school building had sufficient strength
under service loads. Then, the existing concrete compressive strengths and rebars are defined
separately for each storey. Accordingly, 20 MPa concrete strength on the ground storey, 13
MPa on the 1% storey, and 12 MPa on the 2™ storey, and existing S420 rebar information
determined on-site were entered into the school building model (see Table 1). In addition, the
parameters in Table 2 were considered for the structural analyses. First, performance analysis
was made according to SBBSZ of the school building model in that information was entered.
Accordingly, performance levels should be provided Life Safety (LS) for earthquake effects
with a 2% probability of being exceeded in 50 years and Immediate Use (IU) for earthquake
effects with a 10% probability of being exceeded in 50 years [15]. From structural analyses, the
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school building failed to provide the target performance levels (see Figure 12 and Figure 15).
As a result of the performance analyses made according to TBEC, while Kalaycilar primary
school provided the target performance level at the DD1 earthquake level, it could not provide
the target performance level at the DD3 earthquake level (see Figure 16 and Figure 19). In other
words, this result shows that the target performance Limited Damage (LD) level could not be
achieved at the DD3 earthquake level. In contrast, the target performance Controlled Damage
(CD) performance level was achieved in the DD1 earthquake.

Here, it would be useful to state that the S420 type rebar is detected in the structural elements
where made the peel test, that the tensile test is not performed to breaking. Because re-be adding
the rebars will affect their mechanical properties, the rebar detection methods in the 2007 and
2019 Turkish earthquake codes are considered in determining the said rebars.

Figure 7. A view from the created model of Kalaycilar primary school

Table 2. Project parameters used in structural analyses

Parameters SBBSZ | TBEC
Building importance coefficient (School) 1,5
Building behaviour coefficient (R) 4
Live load participation coefficient (n) 0,6
Short-period spectral acceleration coefficient (Ss) - 0,599
Spectral acceleration coefficient for 1s period (S1) - 0,203
Short-period design spectral acceleration coefficient (Sas) - 0,791
Design spectral acceleration coefficient for 1s period (Sai) - 0,445
Earthquake levels - DD1/DD3
Earthquake Design Class (EDC) - la
Building Height Class (BHC) - 7
Coefficients of strength excess (D) - 2,5
Soil bearing capacity (t/m?) 51,46
Soil bedding coefficient (t/m?) 2882
Earthquake zone coefficient (A,) 0,4 -
Spectrum characteristic period (Ta/Tb) 0,2/0,9 -
DD1: Earthquake level with a 2% probability of exceeding in 50 years (recurrence period of 2475 years)
DD3: Earthquake level with 50% probability of exceedance in 50 years (recurrence period of 72 years)

4. Preparing the Strengthening Projects of the Kalaycilar Primary School
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For this purpose firstly, studies in the technical literature on the strengthening of the school
building and the location and effects of the shear wall were examined [19-31]. Later, two
different strengthening projects were prepared when the existing school building could not
provide the target performance levels. All storeys to the structural system in the model 1
strengthening were added to two shear walls in the y direction. In model 2 strengthening, shear
walls were added in the x and y directions, and some columns were sheathed.

4.1.Model 1 strengthening project

While deciding on the strengthening process, the structural irregularities in the school building
were considered, and intervention methods were preferred in a way that would not cause torsion
problems and would affect the architectural plan the least. In addition, the cost of strengthening
the school building was also considered. Accordingly, in model 1 strengthening, The axle,
which did not provide the current performance condition and where the most structural damage
occurred, was intervened. Because there is Advanced Damage Region (ADR) condition to the
beams and columns on this axis, for this reason, by adding reinforcement bulkheads to the axis
in question, both structural damage situations are reduced, and TBEC conditions are met.

While preparing the strengthening project of Kalaycilar primary school, torsional irregularities
and structural elements damaged at the DD3 earthquake level were considered. Accordingly, a
shear wall was added to the polygonal columns in case of Marked Damage (MD) in the y-
direction on the ground story (see Figure 8). Performance analyses of the strengthened school
building (model 1) were made according to SBBSZ and TBEC. As a result of the analyses,
while the model 1 strengthening did not provide the target performance level according to
SBBSZ, it provided the target performance level according to TBEC (see Figure 12~19). In
addition, it was observed that there were no brittle structural elements with the model 1
strengthening.

286



Evaluation of Different Strengthening Project of Yenice Kalaycilar Primary School According to 2007 and
2019 Turkish Earthquake Regulations

Figure 8. Locations of shear walls added to Kalaycilar primary school for strengthening
purposes (model 1).

4.2.Model 2 strengthening project

Since the strengthening project prepared as model 1 did not provide the target performance
level according to SBBSZ, the strengthening project defined as model 2 was prepared.
Accordingly, the views of the structural elements to which strengthening is applied are seen in
Figure 9~Figure 11, respectively. As a result of the analyses of the school building (model 2)
strengthened according to SBBSZ and TBEC regulations, it is seen that the model 2
strengthening provides all target performance levels according to both SBBSZ and TBEC (see
Figure 12~Figure 19).
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Figure 10. Strengthening applied to the 1% storey structural elements of Kalaycilar primary

school (model 2).
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Figure 11. Strengthening applied to the 2" storey structural elements of Kalaycilar primary
school (model 2).

5. Findings And Assessments

From the analyses of the current and strengthened models (models 1 and 2) of Kalaycilar
primary school according to SBBSZ, their performance status is given in Figure 12~Figure 15,
respectively. These figures show that the required performance target could not be provided
when the current and the strengthened school building, according to model 1, is evaluated
according to the LS and IU performance levels. Since the Kalaycilar primary school cannot be
provided, target performance levels of the situation strengthened according to existing and
model 1, and a better performance level is obtained when the strengthened school building
according to model 2 is evaluated according to the LS and IU. In other words, the target
performance level is provided when the strengthened school building, according to model 2, is
evaluated according to the LS and IU performance levels.

From the analyses of the current and strengthened models of Kalaycilar primary school
according to TBEC, their performance status is given in Figure 16~Figure 19, respectively.
According to this, it is seen that the required performance target is provided when the current
and strengthened school-building models are evaluated according to the CD performance level.
When the current and the strengthened school building according to model 1 is evaluated
according to the LD performance level, the target performance level according to the DD3
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earthquake level does not provide. By contrast, it is seen that the school building strengthened
with the model 2 method provides all target performance levels.

When the Sa and Sd values in the x and y directions are examined for the earthquake levels
recommended in the 2007 and 2019 Turkish earthquake codes, it is seen that model 2
strengthening has more spectral acceleration than the current situation and model 1
strengthening. In contrast, the model 2 strengthening has less spectral displacement value. This
situation shows that the rigidity of the structural system in question increases due to the large
number of shear walls added to the structural system in the model 2 strengthening. In addition,
it is seen from these figures that the energy absorption capacity of the strengthened school
models is higher than the current situation for all earthquake levels.

LS- Sa/Sd in the x direction

1,6
A Sa=1.592g

Sd=16.06 mm
1,4

1,2

< 08
@n
0,6
’ Sa=0.334g
Sd=85.29 mm
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Sd=99.76 mm

0,2

0 >
0 5 10 15 20 25 30 35 40 45 50 55 60 65 70 75 80 85 90 95 100
sd

Model 2 x direction Sa/Sd Model 1 x direction Sa/Sd Current x direction Sa/Sd

Figure 12. Performance results in LS earthquake of Kalaycilar primary school with the current
situation, the model 1 and model 2 strengthening’s in the x direction
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LS- Sa/Sd in the y direction
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Figure 13. Performance results in LS earthquake of Kalaycilar primary school with the current
situation, the model 1 and model 2 strengthening’s in the y direction
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Figure 14. Performance results in IU earthquake of Kalaycilar primary school with the current
situation, the model 1 and model 2 strengthening’s in the x direction
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IU- Sa/Sd in the y direction
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Figure 15. Performance results in [U earthquake of Kalaycilar primary school with the current
situation, the model 1 and model 2 strengthening’s in the y direction
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Figure 16. Performance results in DD1 earthquake of Kalaycilar primary school with the
current situation, the model 1 and model 2 strengthening in the x direction

292



Evaluation of Different Strengthening Project of Yenice Kalaycilar Primary School According to 2007 and
2019 Turkish Earthquake Regulations

DD1- Sa/Sd in the y direction
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Figure 17. Performance results in DD1 earthquake of Kalaycilar primary school with the
current situation, the model 1 and model 2 strengthening in the y direction
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Figure 18. Performance results in DD3 earthquake of Kalaycilar primary school with the
current situation, the model 1 and model 2 strengthening in the x direction
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DD3- Sa/Sd in the y direction
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Figure 19. Performance results in DD3 earthquake of Kalaycilar primary school with the
current situation, the model 1 and model 2 strengthening in the y direction

The comparison of model 1 and model 2 strengthening methods and costs applied to Kalaycilar
primary school, considering the 202 1-unit price year with the OSKA program, is given in Table
3. From this table, it is seen that the model 2 strengthening gives better performance than the
model 1 strengthening, but the cost of the model 2 strengthening is 2 times more than the model
1 strengthening.

Table 3. Kalaycilar primary school model 1 and model 2 performance levels and strengthening
costs for 2021year

Strengthening Performance Levels Strengthening|Strengthening Cost / Structure] Structure
Method LS g DD1 DD3 Cost Approximate Cost Approximate Cost
Model 1 | Collapsing| Collapsing CD LD 302.628,03 b %21 1429360 b
Model 2 U U LD LD |663.163,83b %46 T

The total number of plastic hinges formed in the columns and beams according to the
earthquake levels recommended in SBBSZ and TBEC for the current and strengthened
conditions of Misaki1 Milli primary school is given in Figures 20~22, respectively. These figures
show that the number of plastic hinges formed in the strengthened state according to model 2
has decreased significantly compared to the current situation. Also, for the limited knowledge
level, it has been observed that there is a general increase in the total number of plastic hinges
formed in the columns and beams compared to the comprehensive knowledge level.

294



Evaluation of Different Strengthening Project of Yenice Kalaycilar Primary School According to 2007 and
2019 Turkish Earthquake Regulations

75
60
45
30
15 I I I
0 |
LS U DDI1 DD3
m Columns x direction 54 75 50 25
m Columns y direction 22 40 26 3
Beams x direction 65 69 55 29
Beams y direction 24 54 24 5

Figure 20. Number of structural elements plasticized in x and y earthquake directions of the
current situation of Kalaycilar primary school
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Figure 21. Number of structural elements plasticized in the x and y earthquake directions of
Kalaycilar primary school model 1 strengthening
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Figure 22. Number of structural elements plasticized in the x and y earthquake directions of
Kalaycilar primary school model 2 strengthening

In this article, the strengthening method has been chosen in a way that will minimum interfere
with the architecture of the school building in question, will not create structural irregularities,
and be economical. Accordingly, while the model 1 strengthening method, which is the most
optimal method, provided the TBEC target performance levels, the target performance level
could not be achieved in the SBBSZ regulation. When this is the case, the model 2 strengthening
method has been applied to the school building that will meet the TBEC and SBBSZ earthquake
regulations. It reveals that the chosen strengthening method (due to the added structural
elements) significantly affects the rigidity and ductility of the building in question. In addition,
the cost of strengthening is also effective in selecting the strengthening method. On the other
hand, there are many strengthening methods other than the selected strengthening method in
this study. Still, the design criteria recommended in the regulations of the selected strengthening
method should be considered.

6. Conclusions and Recommendations

It is possible to summarize the results and recommendations obtained from this study as
follows.

e Kalaycilar school building, analysed without earthquakes with the Sta4-Cad program, has
sufficient stability. However, from the performance analyses made according to SBBSZ, while
the required performance target could not be achieved at the earthquake level, which has a 2%
probability of exceeding in 50 years, the LS performance target was achieved at the earthquake
level which has a 10% probability of exceeding in 50 years. From the performance analyses
made according to TBEC, a sufficient performance target was also reached at the DDI
earthquake level. By contrast, it is seen that the target performance level could not be provided
at the DD3 earthquake level.
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e The target performance is provided at the DD1 and DD3 earthquake levels suggested in TBEC
from the structural analyses of Kalaycilar primary school, which was strengthened according
to model 1. In contrast, LS and IU earthquake levels recommended in SBBSZ are in the CR.

¢ From the structural analyses of Kalaycilar primary school that was strengthened according to
model 2, it gives a Limited Damage performance level at DD1 and DD3 earthquake levels while
giving Immediate Use performance level at LS and IU earthquake levels. This result shows that
for earthquake levels with a 2% probability of exceeding 50 years, a better performance level
than the target performance level recommended in the regulations considered in this study is
obtained.

¢ According to model 2 of Kalaycilar primary school, structural analyses of the strengthened
situation showed that brittle structural elements are formed in some newly added strengthening
elements, except for the DD3 earthquake level. This matter can be eliminated by increasing the
distribution rebars' diameter and/or spacing.

e From the structural analyses, the strengthened state of Kalaycilar primary school, according
to model 2, outperforms the strengthened state according to model 1.

e The approximate cost of the Kalaycilar primary school, built in 2005, is 1.429.360 b. To
propose the demolition of Kalaycilar primary school from an economic point of view, the cost
of strengthening should exceed 56% of the approximate cost of the building [13, 32]. Today,
evaluating the economic life of the 17-year-old school building, the ratio of the cost of model
1 strengthening to the approximate cost of the building is 21%, and that of model 2
strengthening is 46%. Since these calculated rates are lower than 56%, it seems that it would be
rational to strengthen the Kalaycilar primary school.

e From the results of this article, it can be seen that there is more than one option for
strengthening a reinforced concrete structure. The authors suggest that all parameters should be
evaluated together while strengthening a reinforced concrete structure, and the
cost/performance optimum of one of the strengthening options should be considered.
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Abstract

The use of rail systems in urban public transportation has become a necessity for reasons such as time saving,
travel comfort and operating costs, especially in cities with high population and road traffic. Communication
based train operating systems (CBTC) are used for the safe use of urban rail systems and the maximum capacity
of the railway line. In this study, in line with the data collected from the trains on a railway line operated with
CBTC, the status of the radio signals that enable the wireless communication of the trains with the trackside
signaling equipment was evaluated by machine learning methods, and the situations that may have negative
effects on the train operations of the problems at the signal level were evaluate. The problems on the antennas
which receives signals from trackside above trains, the poor connection related with fiber optical and LAN
cables, the trackside transmitter antenna orientation problems causes decrease on signal levels. It is aimed that
to take actions about the problematic signal levels without any negative impact on the passenger comfort and
the operation yet. The radio signal losses cause unexpected trains stops and delays. A decision support model
has been developed that will offer early solution suggestions to system maintainers in order to intervene first.
In conclusion, since it is the first study related with failure prediction by using radio signal levels data on railway
signaling system, this study presents an important innovation in terms of literature.

Keywords: Railway transportation, communication based train operating systems, machine learning methods,
failure prediction, maintenance management

Makine (")grenmesi Yontemleri ile Haberlesme Tabanh Tren isletim Sistemlerinin

Radyo Sinyal Hatalarinin Tahmini
Oz
Kentsel toplu tagimada rayli sistemlerin kullanilmasi, 6zellikle niifus ve karayolu trafiginin yogun oldugu
sehirlerde zaman tasarrufu, seyahat konforu ve isletme maliyetleri gibi nedenlerle bir zorunluluk haline
gelmistir. Kent i¢i rayli sistemlerin giivenli kullanimi ve demiryolu hattinin maksimum kapasiteyle kullanimi
icin haberlesme tabanli tren igletim sistemleri (CBTC) kullanilmaktadir. Bu ¢alismada, CBTC ile isletilen bir
demiryolu hattindaki trenlerden toplanan veriler dogrultusunda, trenlerin yol kenar1 sinyalizasyon ekipmanlari
ile kablosuz iletisimini saglayan sinyallerinin durumu makine 6grenmesi yontemleri ile degerlendirilmis ve
durumlar degerlendirilmistir. Tren iizerinde radyo sinyallerini yakalayan antenlerin baglantilarinda, hat boyu
verici radiolarin fiber optic ve LAN kablo sonlandirmalarinda, hat boyu verici antenlerin oryantasyonlarindaki
problemler sinyal seviyelerinde diismelere sebep olmaktadir. Sinyal seviyesindeki problemlerin tren isletmesini
olumsuz etkileyebilecegi durumlar degerlendirilmis, yolcu konforuna ve operasyonuna heniiz olumsuz bir etkisi
olmadan miidahale edilmesi amaglanmistir. Radyo sinyal seviyelerindeki kayiplar beklenmedik tren duruslarina
ve tehirlere sebep olmaktadir. Sistem yoneticilerine 6nceden miidahale etmeleri i¢in erken ¢éziim Onerileri
sunacak bir karar destek modeli gelistirilmistir. Sonug olarak, demiryolu sinyalizasyon sistemindeki radio sinyal
seviyeleri verileri kullanilarak ariza tahmini ile ilgili ilk ¢aligma olmasi nedeniyle bu ¢alisma literatiir agisindan
onemli bir yenilik sunmaktadir.
Anahtar Kelimeler: Demiryolu ulasimi, haberlesme tabanli tren isletim sistemleri, makine 6grenmesi
yontemleri, hata tahmini, bakim yonetimi
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1. Introduction

Transportation and social life styles are significantly impacted by technological advancements.
Due to improved connectivity and ties between far-flung places, the importance and speed of
long-distance passenger and freight transportation is growing every day. Additionally, it has
become crucial for logistics and transport to compete on the basis of moving people and goods
as swiftly, safely, affordably, and sustainably as feasible. In recent years, rail transit has gained
popularity in urban and intercity freight and passenger transportation because to its
affordability, safety, and environmental friendliness.

The unexpected breakdowns of numerous pieces of railroad equipment, however, pose the
biggest threat to the continuous and secure operation of rail transit. If appropriate action is not
taken, these failures result in a loss of time, money, and confidence. To avoid breakdowns from
happening in the first place, railway lines must undergo planned maintenance.

As it is known, CBTC are used for the safe use of urban rail systems and the maximum capacity
of the railway line. Examining the failures of the aforementioned railway equipment reveals
that CBTC radio signal failures have a direct impact on the railway operates [1]. By identifying
and fixing the issue without interfering with train movement, continuous operation can be
achieved. When a failure has already happened, the time it takes to fix it can be cut in half by
learning what caused it, and the operation of the railway can resume normally with the least
amount of disruption. Statistical analysis, classification, model-based methods are used in the
literature to evaluate data related to failures and make predictions [2-4]. Particularly, for the
detection of railway failures used classification methods [2].

Machine learning methods such as artificial neural networks (ANN) are widely used in the
solution of many engineering and biomedical engineering problems by classification and
prediction [5]. In recent years, a maintenance decision model has been established and
successfully implemented in many areas. Grobellar S. and Visser J. K have combined a renewal
theory and a decision analysis model to develop a model that predicts the frequency of
equipment change [6]. O.F. Eker et al. have used the SVM method for detecting misalignment
failures in the actuators connected to the railway switch motors [7]. J. Lee et al. have used sound
sensors for the detection of switch motor failures and classified the data with the support vector
machines (SVM) and performed a fault prediction study [1]. L.F. Molina et al. have used image
processing to detect wear failures on railway tracks [8]. Arslan and Tiryaki have used various
artificial intelligence methods for predicting switch point failures [9]. Cinus et al. have used
ANN methods for production plan optimization through preventive maintenance management
[10]. Amruthnath and Gupta have used vibration data which is collected from an exhoust fan
and classified the data with machine learning methods to minimize maintenance costs [11].
Krenek et al. have used ANN methods for early fault detection and predictive maintance
suggestions [12]. Sun et al. have used self-organizing map (SOM) For failure prediction and
information interaction problems of multi-equipment health management, fault prediction
technology of multi-equipment and multi-parameter was proposed based on the system network
[13]. Jancikova et al. have used artificial neural networks for prediction of steel atmospheric
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corrosion by using various factors such as local temperature, relative humidity, amount of
precipitation, pH of rainfall, concentration of main pollutants and exposition time [14].

In this study, in line with the data collected from the trains on a railway line operated with
CBTC, the status of the radio signals that enable the wireless communication of the trains with
the roadside signaling equipment was evaluated by machine learning methods, and the
situations that may have negative effects on the train management of the problems at the signal
level were evaluated, without any negative impact on the passenger comfort and the operation
yet. A decision support model has been developed that will offer early solution suggestions to
system maintainers in order to intervene first. A decision support model was created that can
both forecast potential failures and provide details on the underlying causes of failures that have
already happened. By ensuring that the data acquired about changes in radio signals is processed
and that the maintenance staff is informed of the required corrective and preventive actions,
this model seeks to ensure that failures are eliminated before they impair railway operations
and that the time it takes to solve existing failures is shortened. In supervised learning, the
intended and actual outputs were compared, error calculations were performed, and the process
for producing predictions with higher accuracy was looked at. In conclusion, since it is the first
study related with failure prediction by using radio signal levels data on railway signaling
system, this study presents an important innovation in terms of literature.

In the second section of this study, the materials employed in the system - the radio signals of
CBTC - as well as the parameters used as model inputs were initially explained. The model
outputs that were produced as a consequence of the interpretations that were formed using these
inputs were provided. An explanation was given of the machine learning techniques applied to
the data processing. The established model's performance was assessed using specified criteria,
which were explained. In the third section, tables containing the outcomes of the data processing
using MATLAB Classification Learner Application were displayed, and it was discussed which
machine learning techniques produce the best results in comparison. The results were
interpreted in the fourth section.

2. Materials and Method
2.1. Communication based train operating systems

According to IEEE 1474.1, CBTC is a continuous and automatic train control system based on
high-precision train positioning and high-capacity train-to-track communication [15]. In
general, the CBTC system instantly receives information such as rail circuit occupancy, switch
position, safe stopping distance, and allowed speed limits of the conventional trackside
signaling system via the wireless communication equipment on the train. In line with this
information, the train proceeds safely through the automatic train supervision (ATS) system.
Likewise, the train sends information such as its instant precise location and speed to the center.
Thus, it is ensured that the block processor in the center gives safe movement authorization to
each train according to the situation of other trains in the region. Thanks to the block processor,
which instantly monitors all trains in the region, the line is operated with maximum frequency
and safety. All this communication flow is provided by 2.4 GHz wireless radio signals. In case
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of any interruption in this communication, the train that cuts off its communication is stopped
by ATS with an emergency brake. Evaluating that there is an unsafe situation, and proceeds
with a maximum speed of 25 km/h which is a safe and limited speed, by the driver, until it
provides CBTC communication again. All trains in the operating cycle will be affected by this
delay and there will be serious disruptions in train operation. In addition, emergency braking of
the train will cause wear on the train wheels and rails, thus shortening their useful life. In this
direction, it is of great importance that there is no loss in the CBTC signal when evaluated in
terms of both passenger comfort, operational continuity and equipment life.

Figure 1 shows the communication structure of CBTC operation with classical signaling
systems, traffic management center, line length radios and block processor.
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Figure 1. CBTC train communication general concept [15]

As it can be seen from the Figure 1, ATS monitorize the track conditions and train positions
continously. Interlocking (IL) tells to BP track conitions (point machine position, next signal
status etc), Block processor (BP) gives movement authority to trains accordingly. The
communication between ATS, IL, BP and track radios provided by optical fiber and ethernet
cables. The communication between trains and track hub radios is provided by wireless radio
signals. In this study, the wireless signal values which are received by trains were evaluated.

2.2. Proposed method

In this study, it is aimed to evaluate the instant wireless communication signals during the
course of the trains on a railway line operated by CBTC, to detect possible problems at the
signal level and to determine solutions. It is aimed to eliminate these negativities in signal levels
by warning the system maintainers before they reach the level that will affect the train operation.



Prediction of Radio Signal Failures of Communication Based Train Operating Systems by Machine
Learning Methods

In this context, the signal levels received by the trains from the radios along the line during the
journey were interpreted with the industry experience and system requirements, and the
problems were determined and solution suggestions were put forward. Considering the
technical features of the system in which the study is carried out, the ideal working conditions
are that the train receives a signal higher than -85db from at least one trackside radio and the
packet loss rate is less than 1%. According to these conditions, the signals received instantly
were evaluated and 6 different results/ recommendations in Table 1 were presented.

Table 1. Maintenance recommendations provided as system output

Recommendations Maintenance Proposal
R1 Signal Level normal Level normal
R2 Low Packet Loss, F/O and LAN connections should be checked
R3 High Packet Loss, F/O and LAN connections should be checked
R4 Signal level is low, radio and antenna should be checked
RS Zone without CBTC Signal
R6 Signals are received from more than one radio at the same level,

radio output powers should be checked

Based on the results of this study, the Artificial Neural Networks structure, which was decided
as the best method for all outputs, is explained in detail in below.

Artificial neural networks (ANNs) are the systems that can learn from samples by simulating
the human brain's nerves, and then use that knowledge to make judgements about samples they
have never seen [16]. The engineering equivalent of a biological neuron is an artificial neuron
[17]. Inputs, weights, addition, activation, and output are the five elements that make up an
ANN [18]. The artificial neuron is depicted in Figure 2.

Inputs  Weights

X
Transfer Function
X, n
netj = > x;wj; —0; ;

=

Xs : » [f(netj) —2 5 Output
Activation Function

Xa

Threshold

Figure 2. Artificial neuron [9]
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The network incorporates the data from the input layer. These inputs are handled in the middle
layers before being sent to the top layer. Each input is converted to an output using the network
weight values in the intermediary layers. To get the right outputs, weight values must also be
computed accurately. By correctly training the network, the correct weights can be found. At
first, these weight values are assigned at random. The weights are then modified in accordance
with the network's learning rule during training, when each sample is submitted to the network
[19]. The network is then given a new sample, the weights are changed once more, and the best
weight values are sought for. Until the right results are produced for each sample in the training
set, these actions are repeated. The test set samples are presented to the network once all weights
have been determined. The network is considered to have been effectively trained if it responds
correctly to the test set samples [9].

V=) WxX; (1)

i=0

y=ol) 2)

Here; W shows the weights matrix of the cell, X shows the input vector of the cell, / shows the
net input of the cell, y shows the output of the cell and ¢ shows the activation function of the
cell.

3. Results and Discussion

First of all, with the training data of the radio signals of CBTC training was carried out using
29 machine learning methods and the most successful method was determined.

3.1. Training and validation

During the training phase, 29 machine learning methods Decision Trees (Coarse Tree, Medium
Tree, Fine Tree), Discriminant Analysis (Linear Discriminant), Naive Bayes (Kernel Naive
Bayes), Support Vector Machines (Linear SVM, Quadratic SVM, Cubic SVM, Fine Gaussian
SVM, Medium Gaussian SVM, Coarse Gaussian SVM), Nearest Neighbor (Fine KNN,
Medium KNN, Coarse KNN, Cosine KNN, Cubic KNN, Weighted KNN), Kernel
Approximation (SVM Kernel, Logistic Regression Kernel), Ensembles (Boosted Trees, Bagged
Trees, Subspace Discriminant, Subspace KNN, RUSBoost Trees) and Neural Networks
(Narrow Neural Network, Medium Neural Network, Wide Neural Network, Bilayered Neural
Network, Trilayered Neural Network) in the MATLAB R2022a Classification Learner
application were used for 502 training data and the most successful method was determined.

In order to make an objective evaluation, all 502 training data were applied and compared with
10-k fold cross validation for the different machine learning methods mentioned above. In order
for the match to be carried out in a healthy way, the Correlation Coefficient (R?), Root Mean
Square Error (RMSE) and Mean Absolute Error (MAE) values were calculated as performance
criteria. The formulae of these criteria are given below.
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Here, y;, 3, and y,,,4 are the desired output i, the predicted output, and the average of the
desired output, respectively. n represents each sample in the dataset [20, 21].

In Table 2, the training results of the most successful of the method families applied for the
machine learning model are presented comparatively.

Table 2. Training results

Classification R? (Squared RMSE (Root MAE (Mean

Methods Families Correlation Mean Squared Absolute Error)

coefficient) Error)

Neural Networks

(Bilayered Neural 0.972 0.0333 0.0238

Network)

Nearest Neighbor 0.960 0.0713 0.0437
Decision Trees 0.960 0.0738 0.0449
Support Yector 0.958 0.0899 0.0644

Machines
Ensembles 0.954 0.1203 0.0795
Naive Bayes 0.916 0.1293 0.0879
Discriminant Analysis 0.871 0.1331 0.1008
Kernel 0.867 0.2308 0.1588
Approximation

As can be seen in Table 2, the most successful machine learning method is the Bilayered Neural
Network method for training. For this method, the actual training data and the prediction data
obtained as a result of the training are presented in Figure 3 comparatively.
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Prediction Response Labels'
1. Correct

1. Incorrect

2. Correct

2. Incorrect

3. Correct

3. Incorrect

4. Correct

4. Incorrect
5. Correct

6. Correct 2 0
— 6. Incorrect

Package Loss (%) Connected Radio Number Max Signal Level (dB) Min Signal Level (dB)
Figure 3. Real and predicted training data

As seen in Figure 3, the prediction data obtained as a result of the training is very close to the
real training data. This situation demonstrates that the established decision support model is
successful. Figure 4 shows the confusion matrix of validation for the Bilayered Neural Network
method.

z 98.29 0.3% 0.8% 0.3% 0.5% 1.8%
2
5.6% 94.4% 5.6%
= 3.9% 94.1% 2.0% 5.9%
2
=
o
=
2
= 3.6% 3.6% 7.1%
5 00.0
6
20.0% 80.0% 20.0%
G 2 3 4 5 6 FNR

Predicted Class

Figure 4. Confusion matrix of validation



Prediction of Radio Signal Failures of Communication Based Train Operating Systems by Machine
Learning Methods

As can be seen in Figure 4, True Positive Rates (TPR) higher than False Negative Rates (FNR).
This situation shows that the Bilayered Neural Network method is successful for the CBTC
system. Figure 5 shows the ROC curve of validation for the Bilayered Neural Network method.

) Y.
[ (0.04,0.98)
|
0.8
£ 0.6
g Positive class: 1
o
: AUC = 0.99
£
0.4}
0.2}
OF
RDC curve
Area under curve (AUC)
®  Current classifier
\ 1
0 0.2 0.4 0.6 0.8 1

False positive rate

Figure 5. ROC curve of validation

As can be seen in Figure 5, area under curve (AUC) is very close to the 1. As known, this value
is expected to be 1 is the most perfect result. Since the value obtained from the Bilayered Neural
Network method used for the CBTC system is 0.99, it is quite successful.

3.2. Test

During the test phase, 29 machine learning methods mentioned training phase in the MATLAB
R2022a Classification Learner application were used for 101 test data and the most successful
method was determined. The Multi Layer Perceptron method, which is the equivalent of the
Artificial Neural Networks method in WEKA 3.8.5 program, which was decided as the best
method for all outputs based on the training results in the MATLAB R2022A Classification
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Learner application, was used for show the artificial neural network architecture. Figure 6 show
artificial neural network architecture for CBTC data.

L

%

35
X

A\

%

N
!

t%
»
\

o
/

!
!
y

N §
4\

:
\/Qg

i
y

Figure 6. Neural network architecture for CBTC data

In this architecture, 4 neurons in a single hidden layer are used for inputs and 6 (for each
recommendations) neuron is used for outputs. In Table 3, the test results of the most successful
of the method families applied for the machine learning model are presented comparatively.

Table 3. Test results

Classification R? (Squared RMSE (Root MAE (Mean
Methods Families Correlation Mean Squared Absolute Error)
coefficient) Error)
Neural Networks
(Bilayered Neural 0.980 0.0232 0.0137
Network)
Ensembles 0.970 0.0612 0.0336
Nearest Neighbor 0.950 0.0637 0.0348
Support Vector 0.941 0.0798 0.0543
Machines
Decision Trees 0.931 0.1102 0.0694
Kernel 0.861 0.1192 0.0778
Approximation
Naive Bayes 0.842 0.1230 0.0907
Discriminant Analysis 0.792 0.1307 0.1487

As can be seen in Table 3, the most successful machine learning method is the Bilayered Neural
Network method for test. Figure 7 shows the confusion matrix of test for this method.

10
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Figure 7. Confusion matrix of test

As can be seen in Figure 7, Positive Predictive Values (PPV) higher than False Discovery Rates
(FDR). This situation shows that the Bilayered Neural Network method is successful for the
CBTC system. Figure 8 shows the ROC curve of validation for the Bilayered Neural Network

method.
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Figure 8. ROC curve of test
As can be seen in Figure 8, area under curve (AUC) is very close to the 1. As previously stated,

this value is expected to be 1 is the most perfect result. Since the value obtained from the
Bilayered Neural Network method used for the CBTC system is 0.97, it is quite successful.

4. Conclusion

This study aims to contribute to the planned maintenance operations on trains by using machine
learning techniques to address radio signal failures of CBTC. Classification and failure
prediction studies were conducted and the findings evaluated using the model that was built to
expedite the process of resolving radio signal problems and to fix the faults before they grew
big enough to affect operation.

Using MATLAB software, the data set was processed using different machine learning
methods, and the outcomes were assessed. The assessments showed that the outcomes of the
cross-validation model performance were quite similar to the conclusions drawn from the

12



Prediction of Radio Signal Failures of Communication Based Train Operating Systems by Machine
Learning Methods

training and testing phases. These findings indicate that, as a result of the significantly optimal
computation of the R-Squared, RMSE, and MAE values, the employment of artificial neural
networks will be more effective in the implementation of the failure prediction model
developed.

High success rates for machine learning methods demonstrate that the model was developed
using relevant industry knowledge and the right strategy. Due to the established model's
success, even if the system's inputs vary, the system will still accurately predict failures and
decide its outputs.

In this approach, radio signal failures will be prevented, unscheduled train stops will be avoided,
the resolution procedure for problems will be sped up, and the continuity of railway traffic will
be guaranteed. Similar apps that help scheduled maintenance would enable high-level railway
maintenance management, preventing the loss of time, money, energy, and manpower.

The aforementioned study will be expanded upon in the future to produce interface software
that may be actively utilized in preventative maintenance operations and function as a failure
operator decision support model.
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Abstract

Businesses must constantly change and develop to keep up with customer needs and changes in the market.
Being unable to adapt to change or being unprepared can bring risks. These changes and risks can affect both
the process and the outputs of the process. It is essential to be prepared for the possible risks experienced in the
operations, especially in project-based, production-to-order enterprises, to meet the customer's demands and to
comply with the delivery date. Businesses must implement an effective risk assessment process to achieve this.
This study implemented a risk prioritization for a new business project that produces energy storage systems by
having to order. Changes must be made in the production process for an additional feature to be added to the
product per the customer's request. The risks posed by the change and the short deadline were analyzed and
prioritized. A new model was developed by developing the classical Decision Matrix Risk Assessment (DMRA)
method, one of the risk assessment methods to evaluate the ten identified risks. The "severity" component of
the classical DMRA method is divided into three sub-components (the severity of delivery time, the severity of
cost, and the severity of quality) to be evaluated more specifically. Moreover, since the weights of these sub-
components on the risks are different, the components are weighted with the Fuzzy SWARA method. The
weights obtained from the Fuzzy SWARA method are used in the Fuzzy MOORA method, and the risks are
prioritized. Thus, the effectiveness of the classical risk assessment approach has increased by detailing the
"severity" component of the risk assessment components and weighting and prioritizing the components using
multi-criteria decision-making (MCDM) techniques. With the fuzzy SWARA method, the weights of the risk
components (severity of delivery time (C1), severity of cost (Cz), severity of quality (Cs) and likelihood (Ca4)) to
be used in risk assessment were determined. BNP (best non-fuzzy performance) values for risks were calculated
according to C1, Cz, C3 and Cs values with the fuzzy MOORA method. As a result of the study, the most priority
risk was determined as the risk of going to the customer with the QR code written in incorrect or non-desired
quality of the product (Risk 8).

Keywords: Risk Analysis, Risk Prioritization, Matrix Risk Assessment Method, Fuzzy SWARA, Fuzzy
MOORA
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Bir Uretim Projesinde Bulamik SWARA ve Bulanikk MOORA Yéntemleri ile Risk

Onceliklendirme

Oz

Isletmeler miisteri ihtiyaclar1 ve pazardaki degisime ayak uydurabilmek icin siirekli degismek ve gelismek
zorundadirlar. Degisime uyum saglayamamak veya yeterince hazir olamamak beraberinde riskleri
getirebilmektedir. Bu degisiklikler ve riskler hem siireci hem de siirecin ¢iktilarini etkileyebilmektedir.
Ozellikle proje bazli, siparise gore iiretim yapan isletmelerde siireglerde yasanabilecek olas1 risklere hazirlikli
olmak miisterinin isteklerini karsilayabilmek ve teslim tarihine uyabilmek i¢in olduk¢a 6nemlidir. Bunu
saglayabilmek i¢in de etkili bir risk degerlendirme siirecinin uygulanmasi gerekmektedir. Bu ¢alismada siparise
gore liretim yaparak enerji depolama sistemleri iireten bir isletmenin yeni bir projesi i¢in risk dnceliklendirmesi
caligmasi yapilmistir. Miisterinin talebi dogrultusunda iiriine eklenecek ek bir 6zellik igin iiretim siirecinde
degisiklik yapilmasi gerekmektedir. Degisikligin ve termin siiresinin kisa olmasinin getirecegi riskler analiz
edilerek Onceliklendirilmigtir. Belirlenen on adet riskin degerlendirilmesi i¢in risk degerlendirme
yontemlerinden klasik karar matrisi risk degerlendirme yontemi gelistirilerek yeni bir model gelistirilmistir.
Klasik karar matrisi risk degerlendirme yonteminin “etki” bileseni daha spesifik halde degerlendirilebilmek igin
ii¢ alt bilesene ayrilmustir (teslim siiresine etki, maliyete etki ve kaliteye etki). Ve bu alt bilesenlerin riskler
iizerindeki agirliklar farkli oldugu icin ¢ok kriterli karar verme tekniklerinden Bulanik SWARA yontemi ile
bilesenler agirliklandiriimistir. Bulantk SWARA yo6nteminden elde edilen agirliklar, ¢ok kriterli karar verme
tekniklerinden Bulanikk MOORA yonteminde kullanilarak riskler dnceliklendirilmigtir. Bdylece hem risk
degerlendirme bilesenlerinden “etki” bileseninin detaylandirilmasi hem de ¢ok kriterli karar verme teknikleri
kullanilarak bilesenlerin agirliklandirilmasi ve dnceliklendirilmesi ile klasik risk degerlendirme yaklasiminin
etkinligi arttirllmustir. Bulantkk SWARA yontemi ile risk degerlendirmesinde kullanilacak risk bilesenlerinin
agirliklari (teslim siiresinin etkisi (C1), maliyetin etkisi (Cz), kalitenin etkisi (C3) ve olasilik (Ca)) belirlenmistir.
Risk bilesenlerinin agirliklar1 kullanilarak risklere iliskin 6ncelik durumlarini gosteren BNP (Best non-fuzzy
performance-bulanik olmayan en iyi performans) degerleri Bulantk MOORA yo6ntemi ile hesaplanmustir.
Caligma sonucunda en 6ncelikli riskin, tirliniin yanlis veya istenmeyen kalitede yazilmis QR kod ile miisteriye
gitme riski oldugu ortaya ¢ikmistir (Risk 8).

Anahtar Kelimeler: Risk Analizi, Risk Onceliklendirme, Matris Risk Degerlendirme Yontemi, Bulanik
SWARA, Bulanik MOORA

1. Introduction

In businesses where the general structure of the product is known and the details are shaped
according to customer requests, production is made according to the order. Customer
satisfaction is critical in ensuring the continuity of sales and production in businesses that make
order production [1]. One of the essential criteria for ensuring customer satisfaction is the timely
delivery of products. In make-to-order production, each new order is considered a new project.
Production and process planning is done according to the customer order, the workloads to be
undertaken by the machines are determined, and the production line is rearranged if necessary.
Effective project management must know the risks that will delay production, reduce customer
satisfaction, and take precautions accordingly. Risk management is very effective in the
project's success, especially for new projects requiring changes in production processes. Risk
management determines, analyzes, and evaluates risks and takes necessary precautions before
they occur.
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Risks are uncertain events that can affect the time-cost-performance objectives of the relevant
process/department/project [2]. Businesses must protect themselves against risks that may have
consequences such as financial difficulties, failure to meet customer deadlines, loss of image,
production disruptions, and loss of critical personnel. Businesses manage risk by helping
decision-making processes and providing a sustainable competitive advantage [3]. Risks that
are unknown and necessary precautions are not taken can deviate projects from their targets.
Therefore, effective risk management is essential for successful projects [4].

Especially in engineering and manufacturing processes, it is possible to encounter risks due to
the diversity and complexity of machines and techniques, the frequency of unexpected and
uncertain events, and the intense human factor. There are many techniques used to prevent
failures/delays/accidents from occurring or reoccurring by assessing the risks: Such as the
DMRA (Decision Matrix Risk Analysis) Method, HAZOP (Hazard and Operability), Fine-
Kinney, FMEA (Fault Mode and Effects Analysis) [5]. MCDM techniques and fuzzy set theory
are generally used in integration with risk assessment techniques to manage risks more
effectively by increasing the applicability and effectiveness of the techniques. The function of
the MCDM methods used is usually to prioritize risks. The risk prioritization activity can be
considered an MCDM problem in which many criteria must be evaluated.

In the literature, there are studies in which MCDM techniques are used in risk assessment and
prioritization. Tomak and Korkusuz Polat [6] used the AHP (Analytical Hierarchy Process)
technique to determine the criterion weights in their models developed for success factor-
triggered risk prioritization. Becker et al. [7] used the TOPSIS (Technique for Order Preference
by Similarity to Ideal Solution) method to rank the micropollutants they identified by
conducting a risk assessment. Bid and Siddique [8] used TOPSIS and WASPAS (Weighted
Aggregated Sum Product Assessment) techniques, which are MCDM techniques, to prioritize
the risks posed by dams on humans. Jena et al. [9] used AHP and VIKOR (VIseKriterijumska
Optimizacija I Kompromisno Resenjemethods) to assess the risks that increase vulnerability to
earthquakes in urban areas. Senthill et al. [10] conducted a study in which they integrated
TOPSIS, PROMETHEE (Preference Ranking Organization METHOD for Enrichment
Evaluations), and AHP methods to prioritize the risks that may arise in reverse logistics
activities. Sivageerthi et al. [11] used the SWARA (Stepwise Weight Assessment Ratio
Analysis) method to prioritize risks in the coal supply chain.

Risks contain uncertainty due to their structural characteristics. There are studies in which the
Fuzzy Logic approach, which has the feature of processing uncertain information, is used to
increase the effectiveness of risk assessment techniques. Tian et al. [12] developed a new model
for the oil industry, in which experts added their risk attitudes to the assessment as fuzzy while
assessing risks. Korkusuz Polat [13] used fuzzy logic approach while prioritizing the risks in
the textile factory. Moreno-Cabezali and Fernandez-Crehuet [14] applied a fuzzy logic-based
model to evaluate risks in R&D projects developed for additive manufacturing. Lin et al. [15]
used fuzzy set theory and machine learning techniques to assess the risks in the construction
excavation system.
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There are also studies in which MCDM techniques are used together with the Fuzzy Logic
approach to eliminate the disadvantages of evaluating uncertain information. Yazdani et al. [16]
developed a model that integrated Triangular Fuzzy Hesitant Sets, FMEA, and Combined
Compromise Solution methods to assess outsourcing risks. Xu et al. [17] identified the risk
factors that threaten the reliability of integrated energy systems. They developed a new model
to evaluate the risks with integrated HFS (Hesitant Fuzzy Sets), DEMATEL (Decision Making
Trial and Evaluation Laboratory), and CPT (Cumulative Prospect Theory). In their study,
Shannazi and Alimohammadlou [18] determined the risks in renewable energy sources and
prioritized them using MCDM techniques based on type-2 fuzzy sets. Singer and Over Ozgelik
[19] used Fuzzy AHP, Fuzzy EDAS (Evaluation based on Distance from Average Solution),
and Fuzzy FMEA methods in an integrated way to evaluate the risks in metallic biomaterials.
Golciik et al. [20] proposed a new model by combining the whole consistency method and graph
theory matrix approach in a fuzzy environment to overcome the disadvantages of the classical
FMEA risk assessment method in prioritizing occupational health and safety risks. Ali et al.
[21] used the Fuzzy VIKOR method to evaluate the risks that may occur in the China-Pakistan
Fiber Optic Project. Jokar et al. [22] evaluated and prioritized the risks in highway projects
carried out with public-private cooperation in Iran with Fuzzy AHP and Fuzzy TOPSIS. Severi
et al. [23] developed the classical HAZOP risk assessment technique with MCDM. Researchers
combined Fuzzy AHP and Fuzzy TOPSIS, which are MCDM techniques, with classical
HAZOP and proposed the Fuzzy Multi-Attribute HAZOP technique, in which the weight risk
factors and rank risks. Yiicenur and Senol [24] used SWARA and Fuzzy VIKOR methods to
determine the most appropriate lean technique to eliminate waste in construction processes.
Dehshiri [25] used Fuzzy SWARA and Fuzzy WASPAS (Weighted Aggregated Sum Product
Assessment) methods in an integrated way to prioritize risks in offshore wind farms.
Arabsheybani and Khasmeh [26] developed a mathematical model for the coordinated
operation of production planning-supplier selection-order-distribution activities for a food
factory in Iran. Researchers wanted to determine resilience factors to reveal risks and
uncertainties, and they used Fuzzy AHP and Fuzzy MOORA (Multi-Objective Optimization
based on Ratio Analysis) methods for this. Arabsheybani et al. [27] used FMEA supported by
the Fuzzy MOORA method to evaluate supplier performance.

Although there are frequent risk assessment and prioritization studies in the literature in which
MCDM techniques are integrated with the fuzzy logic approach, there are very few applications
where the "severity" component used in risk assessment is detailed. In this study, the risks that
may occur in the new project of an enterprise producing energy storage systems are
predetermined and evaluated, and the risks that may arise are prioritized by using MCDM
techniques. In the study, first of all, the risks that may occur were determined by taking support
from the past experiences of the experts in the business. While evaluating risks, a new risk
assessment model has been developed since the meaning of the "severity" component of the
classical DMRA method on risks may differ. In the new model, the "severity" component is
evaluated as three different sub-components: "severity on delivery time," "
and "severity on quality." The new model differs from the classical DMRA method in the
literature because it provides a more detailed analysis of the "severity" component. In addition,
the weight of the three different "severity sub-components" on the risks is also additional.

severity on cost,"
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Considering this situation, in the third stage of the study: "severity sub-components" in the
proposed new model and the "likelihood" component, which is the other component of the
classical DMRA model, were weighted using the Fuzzy SWARA method, which is one of the
MCDM techniques. In the fourth stage of the study: The risks were prioritized with the Fuzzy
MOORA method using the weights obtained from the Fuzzy SWARA method. Finally, risk
strategies were determined for priority risks. The contribution of this article is threefold: firstly,
it is to fill the deficiency of the classical DMRA method in assessing the severity of risks in
different areas. Secondly, since the weight of the newly determined sub-components of the
"severity" component on the risks was not equal, the "severity sub-components" were weighted
in this study. Third, in the risk prioritization applications in the literature, there has yet to be an
application in which Fuzzy SWARA and Fuzzy MOORA methods are integrated. This study is
expected to contribute to the literature in this respect significantly. In the second part of the
study, Decision Matrix Risk Assessment, Fuzzy Logic, Fuzzy SWARA and Fuzzy MOORA
methods are explained respectively. In the third section, the risk assessment practice carried out
in a company that produces energy storage systems is explained. In practice, the Fuzzy SWARA
method was used when determining the weights of risk criteria, and the Fuzzy MOORA method
was used when prioritizing risks. In the last section, Conclusion, it is given in detail which risk
emerged as a priority as a result of the application.

2. Material and Methods

The methodological approach of the study is presented in this section. First, the DMRA method,
a classical risk assessment approach, is included. Then, Fuzzy SWARA and Fuzzy MOORA
methods are explained by defining the essential functions of Fuzzy Logic.

2.1. Decision Matrix Risk Assessment Method

Activities in all processes of a manufacturing or service business may involve risk. So, it is
necessary to risk assessment in all companies, especially in new and critical processes. The
DMRA (Decision Matrix Risk Assessment Method - Also known as the Risk Matrix method),
developed in the 1990s, can be analyzed in which the probability of occurrence of risks and
their after-effects are used to assess risks [28].

DMRA is a very convenient and frequently encountered method in practical applications to
evaluate and prioritize risks according to the determined risk sizes while considering possible
hazards. The Risk Matrix is commonly used to assist in setting priorities and assigning
resources and is recommended by national/international standards [29].

There are two components in the risk matrix method (severity and likelihood), and the
combination of the "severity" and "likelihood" values (Equation (1)) gives the size of the risk
[30-31].

Risk Size (RS) = Severity (S) x Likelihood (L) (1)

In the DMRA method, the expected risks are determined first. The likelihood of occurrence for
the identified risks and the severity of the exposed person/process/department, if the risk occurs,
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is determined. Relevant experts and old records should be used to determine the risks' likelihood
and severity [6].

2.2. Fuzzy Logic

Fuzzy Logic is an approach developed by Lotfi Zadeh in 1965 to solve problems where
information cannot be accurately measured in cases of uncertainty and insufficiency [32]. Fuzzy
Logic is a method that uses approximate thinking rather than definite values. The Fuzzy Logic
approach provides subjective evaluation for the evaluation process in complex and uncertain
decision problems [33].

Fuzzy numbers are defined as a fuzzy subset of real numbers expressing linguistic uncertainty.
The membership function establishes the degree of fuzziness in the subset to which any element
belongs [34]. Triangle Fuzzy numbers (1, m, u) were used in this study. The numbers represent
the lowest, best, and highest possible values. The membership function is shown in Equation
(2) (adapted from Alvand et al. [35]):

l<x<m ; 2L
m-—1
paGglmu) = { m <x<u ; = (2)
u—-m
x>uorx<l ; 0

The basic algebraic operations of any two positive fuzzy numbers are as shown in Equation (3)-
(4)-(5) (adapted from Alvand et al. [35]):
e Fuzzy Sum:
M+ M, = +1,my +my,u; +uy); 3)
e  Fuzzy Subtraction:

M; — M, = (l; — l,,my —my,uy —uy); 4)

e  Fuzzy Multiplication:
M1XM2 = (ll xlz,ml sz,ul Xuz) (5)

2.3. Fuzzy SWARA

The SWARA method is an approach developed by Kersuliene et al. [36], and the technique has
been developed for weight criteria in decision-making processes. It is an uncomplicated MCDM
technique in which experts can incorporate their tacit knowledge and experience into decision-
making [37-38]. One of the advantages of the method is that it provides tools for assessing the
accuracy of expert opinions about the weights determined for the decision-making process [39].
The SWARA technique is a technique that can also be used in cases where expert opinions are
not compatible and the degree of consistency values are not within limits [40]. The method
provides the opportunity to evaluate the experts' opinions and determine the relative importance
weights of each criterion accordingly [41]. There are also studies in which the SWARA method
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is used together with the Fuzzy Logic approach to eliminate the method's weaknesses in
evaluating uncertain information.

The fuzzy SWARA method consists of six steps [40, 42-44]:

Step 1: Ranking the criteria from most important to least important by each decision-making
expert, considering the decision-making purpose of the problem. Table 1 shows the fuzzy scales
used for this step.

Table 1: Fuzzy Member Function Values

Fuzzy Number
Equal importance 0.75 1.00 1.00
Relatively low importance 0.50 0.75 1.00
Low importance 0.25 0.50 | 0.75
Very low importance 0.00 |0.25 |0.50
Extremely little importance | 0.00 0.00 |0.25

Step 2: From the second criterion, decision-makers will compare each criterion (j) with the
previous one (j-1).
Step 3: Determination of k; coefficient according to Equation (6).
1~ ; j=1
{s; +17 j>1 ©)

(where s;j represents the comparative significance of the mean value)

ki =

Step 4: Determining the importance vector q; according to Equation (7).

1~ ; j=1

qj = {(’C;—:l) . j>1 (7
kj

(where the notation xj.1 refers to gj-1).

Step S: Calculation of fuzzy weight values (w;) (Equation (8)).
~ _aq;

Vi Ty @ ®
Step 6: Performing the defuzzification (Equation (9)).
wh—wt +(wm—wl-)
W] — ( J ])3 J J + le (9)

2.4. Fuzzy MOORA

The MOORA method was first developed in 2006 [45]. There are some reasons for applying
MOORA instead of other well-known MCDM methods in the recent literature. The MOORA
method is the proposed MCDM technique to overcome the weaknesses of the old methods, and
MOORA is easy to implement and has a stable structure [46].

The Fuzzy MOORA method, which is used to process the uncertain information of decision-
makers, consists of six steps [44, 46-48]:

22



Risk Prioritization in A Manufacturing Project with Fuzzy SWARA and Fuzzy MOORA Methods

Step 1: Evaluation of m alternatives by each of the k decision makers (using the Triangular
Fuzzy Numbers shown in Table 2)

Table 2: Linguistic Variables and Fuzzy Numbers

Linguistic Variables Fuzzy Number

Very Low (VL) 0.0 0.0 0.1
Low (L) 0.0 0.1 0.3
Medium Low (ML) 0.1 0.3 0.5
Medium (M) 0.3 0.5 0.7
Medium High (MH) 0.5 0.7 0.9
High (H) 0.7 0.9 1.0
Very High 0.9 1.0 1.0

Step 2: Combining the fuzzy evaluations made by the decision makers for the alternatives
according to Table 2 (Equation (10)) and the formation of the fuzzy decision matrix (the
decision matrix in which p decision makers evaluate » alternatives as fuzzy for m criteria).

[xil'xlnirxill] [x{z,xl"ﬁ,x}‘z] [x{n'x{r:vx%n]
X = 31, %31, X311 [32, X35, %551 o [Xh, X35, x50 (10)
[xrlnl' X1 Xl [xwlnz' Xz Xmal [xrlnn' X Xt )

Step 3: Normalize the fuzzy decision matrix using Equation (11)-(12)-(13).

rh = i (11)

Fmo— i (12)

ri = d (13)

Step 4: Weighting of the normalized decision matrix using Equation (14)-(15)-(16).

(In this study, the weights obtained by the Fuzzy SWARA method were used).

v = wir (14)
vl-’;-‘ = w;r{} (15)
vl?‘j = w;Tj] (16)

Step 5: Ranking of alternatives in terms of benefit and cost criteria.
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For benefit criteria (Equation (17)-(18)-(19)):

sit =i vyliejm (17)
s =3" v{ﬂj € jmax (18)
sit =3, vli|jejm (19)

For cost criteria (Equation (20), (21) and (22)):

sit =20 v|jejmn (20)
si™m =Y, vt jejmn (21)
sit =30, vi|jejmn (22)

Step 6: Establishing the performance index value of each alternative. Defuzzification of the
fuzzy utility and cost values calculated for the alternatives (Equation (23)). Thus, each
alternative calculates the best non-fuzzy performance (BNP) value. Moreover, ranking the
alternatives according to their performance values (by BNPs) from highest to lowest.

_ 1
Si(s,s7) = \/;

(st = s+ (stm—s7™2 + (s - 572 @)

3. Results and Discussion

The business that produces energy storage systems has made-to-order. The company makes
changes to its production lines for each new project. Changes to be made in production lines
and risks that may occur before the project starts are presented to the management. Changes are
made after management approval. In the sample implementation determined for this study: a
new activity should be added to the production process due to an additional feature requested
by the customer for their products. The customer wants to add traceability to their products.

For this reason, it switches to QR (Quick Response) code application in its products and
requests a QR code application from its suppliers in the raw materials it sends. The business
writes the QR code the customer wants with a laser printer. However, since no laser printer can
write a QR code on top of the product's cover on the production lines, the laser printer should
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also be included in the production process. When the project started, a deadline was given by
the customer company. All evaluations were made considering the closeness of the deadline
and the short duration. Risks may arise due to this new demand and the short deadline.
Considering the past project experiences, ten possible risks were determined with an expert
team from the business (sales and marketing specialist, logistics specialist, production team
leader, and project management specialist).

e Risk 1: The risk that the laser printer will not fit on the line: A laser printer and its
components should be placed on the production line at the customer's request. However, since
the supplier company and laser printer have not been decided yet, it is unclear whether all the
equipment will fit on the line. There is a risk that the areas positioned on the lines of the laser
printer devices are insufficient.

e Risk 2: The risk that production stops due to a malfunction and the order is not
fulfilled: In case of a sudden breakdown or failure of the purchased laser printer, production
may stop. Since the deadline is also short, this may cause problems in the timely delivery of the
product.

e Risk 3: The risk of not growing new QR code products due to being unable to find a
budget for two devices: The customer's products are currently produced on two separate
production lines. For this reason, the laser printer will need to be positioned for two different
lines. Laser printers cost much more than label devices. If the business is still looking for a
budget for two new laser printers to be purchased, there is a risk that the new products with QR
codes cannot be delivered within the customer's deadline.

e Risk 4: Due to the long purchasing process, the risk of delaying the installation of the
laser printer and failing to comply with the customer deadline: Due to the purchasing
process in the enterprise, offers from three companies are required. During the collection of
bids, technical details are explained to the supplier companies in the field, and it may take a
long time to determine the companies' qualifications. For this reason, there is a risk that the
commissioning of laser printers will fail to meet the customer deadline.

e Risk 5: The risk that the installation does not reach the customer deadline due to the
contract process: Due to the long duration of the contract sub-process within the purchasing
process of the enterprise, there is a risk that the laser printer installation will not reach the
customer deadline (Contract sub-process takes approximately one month).

e Risk 6: Risk of product not reaching customer deadline due to installation delays
caused by laser printer company: Supplier companies that bid for laser printers bring laser
printers from abroad (The supply time can take up to eight weeks). If there is no laser printer in
the stock of the supplier company that can meet the needs of the business, the supplier company
will order the laser printer from abroad. A problem during the order may cause the risk of delay
in the customer delivery time.

¢ Risk 7: Risk of injury to workers from laser beams: It is planned to place laser printers
in a cabinet on the production line, considering occupational health and safety conditions.
However, if the cover of the cabinet used for machine adjustment is opened while the laser
printer is operating, the workers may be harmed by the light beams.

e Risk 8: The risk of the product going to the customer with the QR code written with
the wrong content or not of the desired quality. The customer company requires a unique
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code that contains different parts codes for the QR code, written with a laser printer, and will
be different in each product. Therefore, there is a risk that the content of the QR code needs to
be of the correct or desired quality.

e Risk 9: Risk of writing the QR code in the wrong place on the product and sending it
to the customer in this way: If the laser printer located on the production line is moved from
its position, there may be a risk that the QR code will be written in the wrong place.

e Risk 10: Risk of sending a product without a QR code to the customer: A QR code may
not be written on the product for any reason that may occur during production. The company
can send the customer a product without a QR code if the error is not noticed.

According to the classical DMRA method, one of the most used methods for risk assessment,
two risk components are used in the evaluation: The probability of risk and the effect of the
formation. The impacts of risks (severity) after they occur may occur differently in many
different areas. Therefore, more than measuring the impact with a single component will be
required to assess it objectively. This study proposes a new risk assessment model detailing the
"severity" component in the classical matrix risk assessment method, including different areas,
to increase objectivity. According to the recommended model, risk size (RS) is calculated as
shown in Equation (24).

RS = the severity of delivery time (C,) X the severity of cost (C,) X the severity of quality (C3) X
likelihood (C,) (24)

The flow chart of the implementation is shown in Figure 1.

Identification of project risks

¥

Development of a new risk assessment model

L 4

The weighting of risk components with fuzzy SWARA

L A

Prioritizing risks with fuzzy MOORA

A §

Identifying risk reduction strategies

Figure 1: Flow chart for implementation
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Fuzzy Swara Results

Since the importance of the four components in determining the risk size is different, the
components are weighted using the Fuzzy SWARA method. The fuzzy SWARA method is
used to solve problems with different decision-makers. The opinions of four experts were
utilized in this study. The first decision maker (KV1) is the sales and marketing specialist, the
second decision maker (KV>) is the logistics specialist, the third decision maker (KV3) is the
production team leader, and the fourth decision maker (KV4) is the project management
specialist. According to the first step of the fuzzy SWARA method, the ranking of the decision
makers' criteria in order of importance is shown in Table 3.

Table 3: Criteria ranking according to decision-makers

Criteria KV KV2 KV; KV4
Ci (The severity of delivery time) 3 1 1 1
Cz (The severity of cost) 1 4 3 2
Cs (The severity of quality) 2 2 4 3
Cs4 (Likelihood) 4 3 2 4

The decision makers' comparison of criteria (s;) with each other according to the fuzzy number
transformations given in Table 1, k; values calculated according to Equation (6), q; importance
vectors calculated according to Equation (7), and w; fuzzy weight values calculated according
to Equation (8) are shown in table 4.

Table 4: Fuzzy Weight Values

KVi |sj Sjm Sju Ki1 Kim | Kju qjt qim | Qju Wil Wim | Wiju
Ca 0.75 {1.00 |1.00 |0.75 | 1.00 | 1.00 {0.75 [1.00 |1.00 |0.38 |0.52 |0.58
Cs 0.50 {0.75 |1.00 |1.25 |1.75]2.00 {0.60 |0.57 |0.50 [0.31 |0.30 [0.29

C 0.25 10.50 [0.75 |1.50 [2.25 ]2.75 [0.40 |0.25 |0.18 |0.21 |0.13 |0.11
Cq 0.50 10.75 [1.00 [2.00 {3.00 |3.75 {0.20 |0.08 [0.05 [0.10 |0.04 [0.03
KV: Sil Sjm Sju Ki1 Kim | Kju qjt qim | Qju Wil Wim | Wiju

C 0.75 |1.00 {1.00 |0.75 | 1.00 |1.00 {0.75 |1.00 |1.00 |0.27 |0.45 [0.53

Cq 0.25 10.50 [0.75 |1.00 [ 1.50 |1.75 [0.75 ]0.67 [0.57 [0.27 |10.30 |0.30
G 0.00 10.25 [0.50 |1.00 |1.75]2.25 |0.75 |0.38 ]0.25 |0.27 |0.17 [0.13
C 0.50 10.75 [1.00 |1.50 [2.50 |3.25 [0.50 |0.15 |0.08 [0.18 |0.07 |0.04
KVs |sj Sjm Sju Ki1 Kim | Kju qjt qim | Qju Wil Wim | Wiju

C 0.75 |1.00 {1.00 |0.75 [1.00 |1.00 |0.75 |1.00 |1.00 [0.22 |0.41 |0.49
Cq 0.00 10.25 [0.50 |0.75 [1.25 ]1.50 | 1.00 |0.80 |0.67 [0.29 |10.33 |0.32
C 0.25 10.50 [0.75 |1.00 [1.75]2.25 |1.00 |0.46 [0.30 [0.29 |0.19 |0.14
G 0.50 10.75 [1.00 |1.50 [2.50 |3.25 [0.67 |0.18 [0.09 [0.20 |0.07 |0.04
KV4 |sj Sjm Sju Ki1 Kim | Kju qjt gim | Qju Wil Wim | Wiju

C 0.75 |1.00 {1.00 |0.75 [1.00 |1.00 {0.75 |1.00 |1.00 [0.41 |0.53 |0.59
C 0.50 10.75 [1.00 |1.25 |1.75 ]2.00 {0.60 |0.57 [0.50 [0.33 |0.31 |0.29
G 0.50 10.75 [1.00 |1.75 [2.50 |3.00 {0.34 [0.23 |0.17 [0.19 |0.12 |0.10
Cq 0.50 10.75 [1.00 |2.25 [3.25 [4.00 |0.15 [0.07 [0.04 [0.08 | 0.04 |0.02
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The fuzzy weights calculated separately for the four decision makers (shown in Table 4) are
combined and given in Table 5.

Table 5: Combined fuzzy weights

KVi KV2 KV3 KV Criterion weight

Wil [ Wim [ Wi [ Wi [ Wim | Wju Wil | Wim | W |Wji [ Wim | Wju_ | pil Pim | Piu
Ci [0.21 ]10.13 ]0.11 |0.27 10.45 [0.53 ]0.22 |10.41 [0.49 [0.41 |[0.53 |0.59 [0.28 |0.38 [0.43
Cy 1038 10.52 10.58 [0.18 10.07 [0.04 ]0.29 |10.19 [0.14 |0.33 |0.31 |0.29 |0.30 |0.27 ]0.26
Cs 1031 10.30 10.29 |0.27 |10.17 |0.13 ]0.20 |0.07 [0.04 [0.19 |0.12 |0.10 |0.24 |0.17 |0.14
Cs 10.10 10.04 ]10.03 [0.27 10.30 |0.30 ]0.29 ]10.33 [0.32 |0.08 {0.04 |0.02 |0.19 |0.18 |0.17
1.00 | 1.00 |1.00

The combined fuzzy weights of the criteria (shown in Table 5) and defuzzification according
to Equation (9) are given in Table 6.

Table 6: Defuzzification criterion weights

pil Pim | Piu

Ci |0.28 |0.38 |0.43 |0.36
C2 1030 0.27 |0.26 |0.28
Cs |024 0.17 |0.14 |0.18
Cs 019 ]0.18 |0.17 |0.18

After determining the weight of each criterion with the Fuzzy SWARA method, the weights
obtained were used in the Fuzzy MOORA method to prioritize the risks.

Fuzzy Moora Results

The prioritization of project risks by the Fuzzy Moora method was performed in six steps.

Step 1: The decision-makers evaluate the risks (alternatives) affecting the customer's deadline.

Linguistic variables in Table 2 were used for evaluation. Table 7 shows risk assessments made
by decision-makers.
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Table 7: Fuzzy assessment of risks by decision-makers

KV C Ca GCs Cs

Ri 0.50 [0.70/0.90/0.10]0.300.50|0.10 | 0.30 [ 0.50 | 0.00 | 0.10 ] 0.30
R2 0.70 10.90|1.00/0.10]0.30|0.50|0.30 | 0.50|0.70 | 0.00 | 0.10]0.30
Rs 0.70 10.90|1.00/0.00|0.10|0.30/0.00 | 0.100.30]0.00|0.10]0.30
R4 0.70 10.90|1.00/0.00|0.100.30|0.10 | 0.30{0.500.90 | 1.00 | 1.00
Rs 0.70 10.90|1.00/0.00|0.100.30|0.10 | 0.30[0.500.90 | 1.00 | 1.00
Rs 0.70 10.90|1.00/0.00|0.100.30|0.10 | 0.30 [ 0.50]0.70]0.90 | 1.00
R7 0.70 10.90|1.00/0.10]0.30|0.50|0.30 | 0.50|0.70]0.700.90 | 1.00
Rg 0.50 [0.70/0.90/0.50|0.700.90|0.70 | 0.90 | 1.00 | 0.50 | 0.70 | 0.90
Ry 0.50 [0.70/0.90/0.500.700.90|0.50 | 0.70 [ 0.90 | 0.10 ] 0.30 | 0.50
Rio 0.00 10.10/0.30/0.50]0.70]0.90(0.70 | 0.90 | 1.00 | 0.00 | 0.10 ] 0.30
KV; C Ca Cs Cs

Ri 0.70 10.90|1.00/0.30/0.50|0.70|0.10 | 0.30 [ 0.50 | 0.10 ] 0.30 ] 0.50
R2 0.70 10.90|1.00/0.30/0.50|0.70|0.30 | 0.500.70 | 0.10]0.30 ] 0.50
Rs 0.70 10.90|1.000.00|0.100.30|0.00 | 0.10{0.30]0.00|0.10]0.30
R4 0.70 10.90|1.00/0.00|0.10|0.30|0.30 | 0.50|0.700.90 | 1.00 | 1.00
Rs 0.70 10.90|1.000.00|0.10|0.30/0.30 | 0.50|0.700.90 | 1.00 | 1.00
Rs 0.70 10.90|1.00/0.10]0.30|0.50|0.30 | 0.50|0.700.700.90 | 1.00
R7 0.70 10.90|1.00/0.30/0.50|0.70]0.50 | 0.70 {0.90 | 0.70 | 0.90 | 1.00
Rg 0.70 10.90|1.00/0.70]0.90|1.00|0.70 | 0.90 | 1.00 | 0.50 | 0.70 | 0.90
Ry 0.70 10.90|1.00/0.70]0.90|1.00|0.70 | 0.90 | 1.00 | 0.30 | 0.50 | 0.70
Ruo 0.10 10.30/0.50/0.70]0.90|1.00{0.70 | 0.90 | 1.00 | 0.10 ] 0.30 ] 0.50
KV; C Ca GCs Cs

Ri 0.70 10.90/1.00/0.10]0.30|0.50|0.10 | 0.30 | 0.50 | 0.00 | 0.10 ] 0.30
R2 0.50 10.70/0.90/0.30/0.500.70|0.10 | 0.30 | 0.50 | 0.00 | 0.10 ] 0.30
Rs 0.70 10.90|1.00/0.10]0.30|0.50|0.10 | 0.30 [ 0.50 | 0.10]0.30]0.50
R4 0.50 [0.70/0.90|0.00|0.10 {0.30|0.10 | 0.30 [ 0.50 | 0.70 ] 0.90 | 1.00
Rs 0.70 10.90/1.00/0.10]0.30|0.50|0.10 | 0.30{0.500.90 | 1.00 | 1.00
Rs 0.70 10.90/1.00/0.10]0.30|0.50|0.10 | 0.30 [ 0.50 | 0.70]0.90 | 1.00
R7 0.70 10.90/1.00/0.10]0.30|0.50|0.10 | 0.30 [ 0.50 ] 0.70]0.90 | 1.00
Rg 0.50 [0.70/0.90/0.500.70 [0.90|0.50 | 0.70 [ 0.90 | 0.50 | 0.70 | 0.90
Ry 0.50 [0.70/0.90/0.500.70{0.90|0.50 | 0.70 {0.90 | 0.10 ] 0.30 | 0.50
Ruo 0.10 10.30/0.50/0.70]0.90|1.00{0.70 | 0.90 | 1.00 | 0.10 ] 0.30 ] 0.50
KVy C Ca Cs Cs

Ri 0.50 [0.70/0.90/0.10]0.300.50|0.10 | 0.30 | 0.50 | 0.00 | 0.10 ] 0.30
R2 0.50 [0.70/0.90/0.10|0.30 | 0.50|0.30 | 0.500.70 | 0.00 | 0.10 ] 0.30
Rs 0.50 [0.70/0.90/0.00|0.10 {0.30|0.00 | 0.10{0.30|0.00|0.10]0.30
R4 0.50 [0.70/0.90|0.00|0.100.30|0.00 | 0.10{0.30]0.50]0.70 | 0.90
Rs 0.50 [0.70/0.90|0.00|0.10 {0.30|0.00 | 0.10{0.300.70]0.90 | 1.00
Rs 0.50 [0.70/0.90/0.00|0.10 {0.30|0.10 | 0.30 [ 0.50 | 0.50 | 0.70 | 0.90
R7 0.50 10.70/0.90/0.10]0.300.50|0.10 | 0.30 | 0.50 | 0.50 | 0.70 | 0.90
Rg 0.50 [0.70/0.90/0.500.70 [0.90|0.50 | 0.70 [ 0.90 | 0.50 | 0.70 | 0.90
Ry 0.50 10.70/0.90/0.50|0.700.90|0.50 | 0.70 {0.90 | 0.10 ] 0.30 | 0.50
Rio 0.00 |0.10/0.30/0.50 |0.70 | 0.90 | 0.50 | 0.70 | 0.90 | 0.00 | 0.10 | 0.30
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Step 2: The decision makers' risk evaluations were combined using Equation (10). The
combined fuzzy decision matrix created is given in Table 8.

Table 8: Combined fuzzy decision matrix

Ci Ca Cs Cs
Ri 0.60 [0.80 10.95 |0.15]0.35 |0.55]0.10 [0.30 |0.50 |0.03 |0.15]0.35
R2 0.60 [0.80 10.95 [0.20 |0.40 |0.60 |0.25 [0.45 |0.65 [0.03 |0.15]0.35
Rs 0.65 [0.8510.98 |0.03 |0.15]0.35]0.03 |0.15]0.35]0.03 |0.15]0.35
R4 0.60 [0.80 |0.95 |0.00 {0.10 |{0.30 |0.13 ]0.30 |0.50 | 0.75 ] 0.90 | 0.98
Rs 0.65 10.85]0.98 [0.03 |{0.15]0.35 |0.13 ]0.30 |0.50 | 0.85 | 0.98 | 1.00
Rs 0.65 [0.85 10.98 |0.05 [0.20 {0.40 |0.15 ]0.35 |0.55 [0.65 | 0.85 | 0.98
R7 0.65 [0.85 ]0.98 |0.150.35 |0.55 |0.25 ]0.45 |0.65 |0.65 | 0.85 | 0.98
Rg 0.55 10.75 10.93 |0.55 10.75 {093 |0.60 ]0.80 |0.950.50 |0.70 | 0.90
Ry 0.55 10.75 10.93 |0.55 10.75 {0.93 10.55 [0.75 10.93 |0.15]0.35]0.55
Rio 0.05 10.20 | 0.40 |0.60 |0.80 |0.95 |0.65 ]0.85 |0.98 |0.05 | 0.20 | 0.40

Step 3: By using Equation (11)-(12)-(13), normalization is done for the combined fuzzy
decision matrix. The normalized fuzzy decision matrix is shown in Table 9.

Table 9: Normalized fuzzy decision matrix

Ci Ca GCs Cs
Ri 0.09 10.15 0.21 [0.01 |0.05 |0.11 |0.00 ]0.03 |0.08 {0.00 |0.01 | 0.04
R2 0.09 10.15 10.21 [0.01 |0.06 |0.13 |0.02 ]0.07 |0.14 {0.00 | 0.01 | 0.04
Rs 0.10 |0.17 |0.23 [0.00 {0.01 |0.05 |0.00 ]0.01 |0.04 |{0.00 |0.01 | 0.04
R4 0.09 [0.15 ]0.21 |0.00 {0.00 |0.03 |0.01 [0.03 |0.08 |0.16 |0.24 | 0.28
Rs 0.10 |0.17 |0.23 |0.00 {0.01 |0.05 |0.01 ]0.03 |0.08 |0.21 |0.28 | 0.29
Rs 0.10 [0.17 |0.23 |0.00 {0.01 |0.06 |0.01 [0.04 |0.10 |0.12 | 0.21 | 0.28
R7 0.10 |0.17 |0.23 |0.01 |0.05 |0.11 |0.02 [0.07 |0.14 |0.12 | 0.21 | 0.28
Rg 0.07 10.13 |0.20 [0.11 |0.21 |0.31 |0.12 ]0.22 |0.31 |0.07 |0.14 | 0.24
Ry 0.07 10.13 |0.20 |0.11 |0.21 |0.31 |0.10 [0.19 |0.29 |0.01 | 0.04 | 0.09
Rio 0.00 10.01 10.04 |0.13 10.24 {0.33 ]10.14 ]0.24 1 0.32 | 0.00 | 0.01 ] 0.05

Step 4: Equation (14)-(15)-(16) weighted normalized fuzzy decision matrix. The weighted
fuzzy normalized decision matrix obtained is shown in Table 10.
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Table 10: Weighted fuzzy decision matrix

Ci Ca GCs Cs
Ri 0.03 |1 0.05 [0.08 |0.00 [0.01 |0.03 |0.00 [0.01 {0.02 {0.00 |0.00 |0.01
R2 0.03 | 0.05 [0.08 |0.00 [0.02 |0.04 |0.00 [0.01 {0.03 [0.00 |0.00 |0.01
Rs 0.04 |1 0.06 |0.08 |0.00 [0.00 |0.01 |0.00 [0.00 {0.01 {0.00 |0.00 |0.01
R4 0.03 10.05 [0.08 |0.00 [0.00 |0.01 [0.00 [0.01 [0.02]0.03 |0.04 [0.05
Rs 0.04 1 0.06 |0.08 |0.00 [0.00 |0.01 [0.00 [0.01 [0.02]0.04 |0.05|0.05
Rs 0.04 |1 0.06 |0.08 |0.00 [0.00 |0.02 [0.00 [0.01 [0.02]0.02 |0.04 [0.05
R7 0.04 10.06 |0.08 |0.00 [0.01 |0.03 [0.00 |[0.01 [0.03 ]0.02 |0.04 [0.05
Rg 0.03 10.05 10.07 |0.03 10.06 |0.09 [0.02 [0.04 |0.06 |0.01 [0.03 |0.04
Ry 0.03 10.05 10.07 |0.03 [0.06 |0.09 [0.02 [0.03 |0.05]0.00 [0.01 [0.02
Rio 0.00 10.00 [ 0.01 |0.04 [0.07 |0.09 |0.03 ]0.04 {0.06 {0.00 | 0.00 |0.01

Step 5-6: In this implementation, since all alternatives (risks) are about cost, not benefit, risks
are listed using Equation (20)-(21)-(22). With the fuzzy SWARA method, the weights of the
risk components (severity of delivery time (Ci), severity of cost (C2), severity of quality (Cs)
and likelihood (Cs4)) to be used in risk assessment were determined. BNP values for risks were
calculated according to Ci, Cz, C3 and Cs values with the fuzzy MOORA method. Fuzzy
performance index values were defuzzification using Equation (23). The highest BNP value is
0.17, which belongs to risk 8. When the BNP values of the risks are ranked from the highest to
the lowest, the order of priority is as follows: Risk 8 > Risk 9 > Risk 7 > Risk 5 > Risk 10 >
Risk 4 > Risk 6 > Risk 2 > Risk 1 > Risk 3

4. Conclusion
Anticipating risks and making the necessary action plans are essential for businesses to prevent
or reduce undesirable situations (not complying with customer deadlines, malfunctions, delays
in production, etc.).

This study discusses the risks of a business producing energy storage systems and starting a
new project. It aims to develop a risk assessment model different from the classical matrix risk
assessment approach to identify and prioritize the risks that may occur before the start of the
project. For this reason, the "severity" component in the classical matrix method is divided into
three sub-components due to the different areas that the risk can affect and the different weights
in these areas. Therefore, the risk size is not composed of the multiple of two components,
"Severity" and "Likelihood," but the multiple of four components of the risk as "The severity
of delivery time (Ci)," "The severity of cost (C)," and "The severity of quality (Cs3)," and
"Likelihood (C4)". The SWARA method was used to calculate the weights of the four risk
components. The criteria weights calculated with the Fuzzy SWARA method were used in the
Fuzzy MOORA method, and the ten risks identified were prioritized according to these weight
values.

As a result of the study, the most priority risk was determined as the risk of going to the
customer with the QR code written in incorrect or non-desired quality of the product (Risk 8).
Three action plans have been determined to reduce this risk. The first action plan is to add a
barcode reader to the laser printer's output on the production line and to verify the accuracy of
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the written QR code by comparing it with the coding algorithm. Thus, it is aimed to identify
and reject the non-conforming product. This way, the risk of going to the customer will be
reduced even if a faulty product occurs on the production line. However, the cost of this action
plan is high. The second action plan is to control the alphanumeric code under the written QR
code with the camera control unit at the end of the production line. Since the serial number
cannot be checked with the camera, only the alphanumeric code can be checked, and this plan
is not a suitable plan to reduce the risk. The third action plan: A screen where product selection
can be made is to be placed next to the laser printer unit in the production line not to write the
wrong QR code. The QR code will be written in the correct algorithm by selecting the relevant
product from this screen. This way, it will be sufficient for the personnel to select the product's
name from the screen without having to design the relevant QR code at the beginning of the
process. Thus, the wrong QR code design can be prevented and reduced risk. The business has
decided to implement the third action plan.

In the study, Fuzzy SWARA and Fuzzy MOORA techniques were used to take into account the
uncertainties in the risks and the evaluations of the decision-makers. Different MCDM
techniques can be used and integrated into subsequent studies. In addition, new risk assessment
models can be developed by dividing the severity component used in the classical risk
assessment method into subcomponents in different ways for different sectors and different
problems.
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Abstract

An R-module M is said to be (quasi) t-discrete if M is t-lifting and has the property (D,) (respectively, has the
property (D3)), where 7 is a preradical in R — mod. It is shown that: (1) direct summands of a (quasi) T-discrete
module are (quasi) T-discrete; (2) a projective module M is t-discrete if and only if T(M—M) is semisimple and T(M)

M
Soc(M)

is Soc-discrete and Rad (%(M)) is semisimple.

is QSL; (3) if a projective module M is Soc-lifting, then

Keywords: preradical, t-lifting module, (quasi) t-discrete module.

T-Ayrik Modiiller Uzerine

Oz

T tiim sol R-modiillerin kategorisinde 6nciil radikal olmak iizere t-yiikseltilebilir ve (D,) 6zelligini saglayan
(strastyla, (D3) 6zelligini saglayan) bir R-modiilii M e (ayrik) T-ayrik denir. Su gosterilmistir: (1) Bir (quasi) -
ayrik modiiliin her direkt toplam terimi (quasi) t-ayriktir; (2) bir projektif M modiiliiniin T-ayrik olmasi igin

gerek ve yeter kosul % nin yaribasit ve t(M) nin QSL olmasidir; (3) bir projektif M modiili Soc-

. S M M "
yiikseltilebilirse, SocUD) Soc-ayriktir ve Rad (W) yaribasittir.
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On t-discrete modules

1. Introduction

In our article, all rings are associative with identity and all modules are unity left modules over
these rings. For a ring R, R — mod denotes the category of all left R-modules. A submodule N
of a module M will be denoted by N < M. A nonzero E < M is called essential in M and written
by E S M if E N F # 0 for every nonzero submodule F of M. We call a module M extending
if it satisfies (C;), that is, its submodules are essential in a direct summand of M as in [5].

We call an extending module M continuous if it satisfies (C,), that is, every submodule
isomorphic to a direct summand of M is a direct summand as in [5].

We call an extending module M quasi continuous if it satisfies (C3), that is, whenever M =
AD®B=C®D and A N C = 0, M has a decomposition M = (ADC)DE as in [5] Since a module
M with (C,) has the property (C3) every continuous module is quasi continuous. Injective
modules are an example of a continuous module.

As a dual notation of an essential submodule of 4, one call a proper submodule S of 4 small in
M and denoted by S < M if S+X is not M for every proper submodule X<M. With the notation
of immediately extending modules, lifting modules are defined as: M is lifting if it satisfies

(D;) For any A<M, we can write M = A; @ L, A; < A and A N L K L for submodules
Ay, L of M.

We call a lifting module M quasi-discrete if it satisfies
(D) IfA<M with% = B and M = B®C, we can write M =A®A’.

We call a lifting module M discrete if it satisfies

(D3) Whenever M = A®B, M = C®D and M = A + C, M has a decomposition M =
(AnC)DE.

The modules that provide quasi-projective and the property (D,) are coincide. Since a module
M with (D,) provides (D3), quasi-discrete modules are a generalization of discrete modules. It
is obvious that (quasi) discrete modules are a dual notion of (quasi) continuous modules.
Although injective modules are continuous, a projective module usually does not have to be
discrete. Hollow modules (that is, its proper submodules are small) are quasi-discrete. The
family of (quasi-) discrete modules are extensively studied by researchers. A module M has
the property P* if for every submodule A of M M has the decomposition M = A’@B such that

A" < Aand % < Rad (%) for some submodules A" and B of M. Every lifting module has the

property P*. Also, a finitely generated module with the property P is lifting. In general, a
module with the property P* need not be lifting. For example, consider the left Z-module M =

7Q. Since radical modules have the property P*, M has the property P*. On the other hand, M
is not lifting.
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In recent years, types of lifting modules have been defined and studied in R—mod with the help
of preradicals. A functor t from the category R — mod to itself is said to be preradical if it
provides the following properties:

(1) (M) <M , where M € R — mod;
(2) If f:M — M' is homomorphism, then f(t(M)) S (M) and 7(f) is the restriction of
to t(M").
A preradical T for R — mod is called exact if for N<M t©(N) = N n (M), and it is called

radical lfT( (M)) 0.

Rad(M) and Soc(M) denote the radical, socle of a module M, respectively. Rad and § are radical
in R—mod, and Soc is an exact preradical in R — mod.

Let 7 be a preradical in R — mod. Following [1, 2.8 and 2.9], we call M t-/ifting if for any
N<M, we can write M = A@B withA S Nand NN B < t(B) for 4, B<M. In[l1], fort =
Rad, M is Rad-lifting if and only if M has the property P". Lifting modules are an example of
Rad-lifting modules. It is shown in [1, 2.10 (2)] that whenever M = A®B is a 7-lifting module,
so does 4.

2. Preliminaries

Let R be a ring and t be a preradical in R — mod. In our study, we introduce the concept of
(quasi) t-discrete modules. We obtain some properties of such modules. In particular, we show
that direct summands of a (quasi) T-discrete module are (quasi) t-discrete. Moreover, we prove

that a projective module M is t-discrete if and only if % is semisimple and T (M) is QSL. Also,

we show that if a projective module M is Soc-lifting, = M__is Soc-discrete and Rad(

o) so (M)) 15

semisimple.
3. Main Theorem and Proof
In this section, we study on (quasi) t-discrete modules.

Definition 3.1 A module M is called t-discrete (respectively, quasi t-discrete) if M is t-lifting
with (D,) (respectively, (D3)).

Theorem 3.2 Given a (quasi) T-discrete module M = N@N'. Then N is (quasi) discrete.

Proof. By [9, 2.10.(2)], we obtain that N is t-lifting. Hence N is (quasi) t-discrete by [5, Lemma
4.6].

Given modules U <X. In [6], U is said to be strongly lifting in X provided whenever % =

AJr—UEBﬂ, we can write M = Z&T where Z < 4, Z;U and 22 = T;U. Alkan [3]
generalizes the definition; U is called quasi strongly Ilftlng (OSL) in X if Wheneverg = A+—U EB =

we can write X = Z@T,Z €4 and Z+ U= A4 + U. Observe from [3, Lemma 3.5] that 1f a
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module M is t-lifting, then t(M) is QSL. Using this fact we obtain that a characterization of
(quasi) t-discrete modules.

Proposition 3.3 Let M be a module with (D,) (respectively, (D3)). Then the following
statements are equivalent:

(1) it is (quasi) t-discrete,
(2) it is T-supplemented and 7(M) is QSL.
3) % is semisimple with OSL t(M).

Proof. By Lemma 3.5 and Proposition 3.6 in [3].
Corollary 3.4 A projective module M is t-discrete if and only if %M) is semisimple and (M)
is QSL.
Proof. Since projective modules are (D,), it follows from Proposition 3.3.

Given a module E. We call E (quasi) Rad-discrete if E has the property P* and (D>)
(respectively, has the property P* and (D3)) as in [7].

Lemma 3.5 A projective M is Rad-discrete if and only if M is semilocal and Rad (M) is QSL.
Proof. The proof follows from Corollary 3.4.
Theorem 3.6 The following statements are equivalent for a ring R:

(1) R is semiperfect;
(2) R is Rad-discrete;
(3) R has the property (P*);
(4) R is Rad-®-supplemented;
(5) R is semilocal and Rad(R) is QSL.
Proof. (1)=(2)=(3)=(4)=(1) By [7, Corollary 2.10].

(1)e(5) It follows from Corollary 3.4.

Follows from [6, Theorem 10], the socle Soc( zgR) of a ring R is strongly lifting. Using this fact
we characterize Soc-discrete rings in the following.

R

Proposition 3.7 A ring R is Soc-discrete if and only if is semisimple.

Soc(gR)
Proof. By Corollary 3.4 and [6, Theorem 10].
Given a module E. We call E t-torsion free if T(E) = 0.

Proposition 3.8 Let M be a t-torsion free module. If it is quasi t-discrete, it is semisimple.
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Proof. Let N < M. By assumption, we can write M = A@B with A < N and N N B € ©(B).
Since M is t-torsion free, we can writte NN B S 7(B) S t(M) =0andsoN=NNB =A@
(N n B) = A, as required.

Recall from [2] that a submodule Z of a module E is a -—supplement of some submodule 7<M
provided Z+TisMand ZN T S 7 (Z).

Theorem 3.9 Let 7 be an exact preradical and let M be a t-lifting module and V be t-supplement
in M. Then V is t-lifting.

Proof. Let N < V. Since M is t-lifting, we can write M = A@ B, A< N and N N B € ©(B).
By the modularity, we can write V is A@(V N B), and clearly, NN (V N B) = NN B < t(B).
Since 7 is an exact preradical in R-Mod, we can write T(V N B) isV N t(B). Now NNB <
V nt(B)is t(V N B). It means that V is 7-lifting.

Corollary 3.10 Let 7 be an exact preradical in R — Mod and M be a uniform R-module. If M
is T-lifting, then every t-supplement submodule ¥ of M is quasi 7-discrete.

Proof. By Theorem 3.9, we obtain that V is z-lifting. Since uniform modules have the property
(D3), we get that V is quasi t-discrete.

Proposition 3.10 Let 7 be a radical in R — Mod and M be a (quasi) t-discrete module with
small T(M). Then (M) = Rad (M) and it is (quasi) discrete.

Proof. By [2, 2.10 (1)], we obtain that Rad (M) < t(M). Since t(M) K M, t(M) = Rad(M)
is small in M. So M is lifting. Hence it is (quasi) discrete.

A module E is called -forsion if E=1(E). For example, semisimple modules are Soc-torsion,
radical modules are Rad-torsion, and projective semisimple modules are §-torsion.

Lemma 3.11 Suppose that M is a t-lifting module. If N < M is t-torsion, % is T-lifting.

Proof. Let N <A< M. Then we can write M = A’@B, A’<A and ANnB < t(B) for
submodules A, B < M. It follows that %z AT+N+% and 224N ¢ T(B;N). Since N is t-

. . A'+N
torsion, we can write N

)0 (5%) = 0. Thus 7 is 7-lifting.

Theorem 3.12 Suppose that N is a T-torsion submodule of a projective module M. If M is t-

lifting, % is T-discrete.

Proof. Since M is a projective module and N is t-torsion, % has the property (D,). Applying

Lemma 3.11, we deduce that % is T-discrete.
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M

1s Soc-discrete and its
Soc(M)

Corollary 3.13 If M is a projective and Soc-lifting module, then

radical is semisimple.

M
Soc(M)

Proof. Following Theorem 3.12, we get that is Soc-discrete. Also, applying [2, 2.10 (1)],

M

Rad(Soc(M)

) is semisimple. This completes the proof.

4. Conclusion

In this article, we introduce the concept of (quasi) t-discrete modules and investigate the basic
properties of these modules by preradicals in R — mod, where R is an associative ring with
identity. We characterize projective t-discrete modules. We show that if a module is 7-lifting,

then its factor modules by 7-torsion submodules are t-lifting. We prove that if a projective
M

Soc(M)

module M is Soc-lifting, then is Soc-discrete and its radical is semisimple
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Abstract

Rangelands and plateaus typically have naturally occurring plant groups. The estimates reveal that rangeland
ecosystems cover approximately 50% of the planet's land and provide most of the forage requirements of the
world's animal population. In this study, we aim to investigate the impact of Law No. 7143, also known as the
Zoning Peace among the People, which entered into force in 2018, on potential illegal buildings in rangeland
and plateau areas. As the study area, we chose the plateau and rangeland areas of the Akgaabat district of
Trabzon province. We identified illegal buildings in the study areas using Google Earth Pro software satellite
images and Triplesat satellite images. We examined 16 plateaus, and as a result of our determinations, we
observed that a total of 83 new buildings were constructed during this time, with 33 in the first study area and
50 in the second. The results showed that illegal construction continues in some places, the inspection process
is inefficient, and the Zoning Peace Law encourages this.

Keywords: Rangeland, Plateaus, Illegal building, Triplesat, Zoning Peace

Imar Barisinin Mera ve Yayla Alanlarindaki Yapilasmaya Etkisinin Incelenmesi

Oz

Yayla ve meralar genellikle dogal yollarla olusan bitki topluluklaridir. Yapilan tahmini hesaplamalara gore,
mera ckosistemleri diinya topraklarinin yaklasik %50' sini kapsamakta ve diinyadaki hayvanlarin yem
ihtiyacinin biyiik bir kismini karsilamaktadir. Yapilan ¢alisma ile, 2018 yilinda yiiriirliige giren ve halk arasinda
imar baris1 olarak adlandirilin 7143 sayili yasanin, mera ve yayla alanlarinda olusabilecek kacak yapilasmaya
olan etkisi arastirilmistir. Caligma alani olarak Trabzon ili Akgaabat ilgesi sinirlari igerisinde yer alan mera ve
yaylalar secilmistir. Calismada Google Earth Pro programindan elde edilen uydu goriintiileri ile Triplesat uydu
goriintiileri kullanilarak zaman igerisinde meydana gelen kontrolsiiz yapilasma tespit edilmistir. 1. ¢aligma
bolgesinde 33 ve 2. calisma bolgesinde 50 olmak {izere toplam 83 yeni yapinin bu siire igerisinde yapildigi
belirlenmistir. Elde edilen sonuglar halen bu alanlarda kacak yapilasmanin devam ettigini, denetlenme siirecinin
hizli ve etkili bir suretle yapilamadigin1 ve ¢ikarilan bu af niteligindeki yasalarin kagak yapilasmay1 tesvik
ettigini gostermektedir.

Anahtar Kelimeler: Mera, Yayla, Kacak Yapilasma, Triplesat, imar Baris1
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Investigation of the Effect of Zoning Peace on Construction in Plateau and Rangeland

1. Introduction

Perennial herbaceous plant communities that are generally formed naturally are called
rangeland and plateaus [1]. According to estimated calculations, rangeland ecosystems
constitute approximately 50% of the world's land [2], and meet 70% of the forage requirements
of in the world [3]. In our country, rangeland ecosystems meet 30% of the forage need used in
animal nutrition [4]. The Rangeland Law (No. 4342 enacted on 28.02.1998) defines plateaus as
a place allocated for farmers to spend the summer with their animals, graze their animals, and
benefit from grass [5]. Plateaus in mountainous areas are areas where nomadic and semi-
nomadic, and villagers do animal husbandry [6]. Those who dealt with animal husbandry in the
past mostly used plateaus and rangeland. However, because of the decline in the population
who depend on livestock for a living and the rising demand for tourism in these areas, these
locations are now also used for temporary or seasonal settlements for recreational activities in
addition to animal husbandry [6, 7, 8]. In recent years, it has been observed that there are many
illegal buildings used as housing and tourism facilities in the plateaus [9].

The first development that is thought to affect the change in rangeland and plateau areas is the
Green Road Tourism Project. In order to meet the increasing tourism demands, the Green Road
Tourism Project, which connects the plateaus of eight provinces in the Eastern Black Sea
Region, was implemented in 2013. With this project, transportation to the plateau and rangeland
areas has become easier, and the use of these areas has increased [10].

Another development that is thought to have impacted the plateau areas is law no.7143, which
is known as the Zoning Peace and entered into force in 2018. This law covers illegal structures
created before December 2017. Taking the statement of those who want to benefit from the
law as a basis has encouraged illegal construction. Especially in the plateaus of the Black Sea
Region, it has been seen that illegal building for housing and commercial use is more common,
and the people who cause this illegal construction apply to obtain a building registration
certificate [11, 12]. As aresult, it is thought that illegal construction in the plateaus has increased
significantly with the law enacted.

In this study, we aimed to determine the change in illegal buildings in the plateau and rangeland
areas between the enactment of Law No. 7143 and the end of the process. As the study area,
we selected 16 plateaus located within the borders of the Akgaabat district of Trabzon province.
In the study, we detected the change over time using Triplesat satellite images and satellite
images in the Google Earth Pro software. As a result of this change detection, we examined the
effect of this law on the uncontrolled building.

1.1.  Legal regulations about plateaus and the effects of these regulations
The use of plateaus for tourism purposes in Turkey started in 1990 with the encouragement of
the state. In this sense, 12 plateaus in the Eastern Black Sea Region have been declared as

tourism centers by the Ministry of Tourism to attract investors to the plateaus. Giresun-Bektas,
Caykara-Uzungol, Akcaabat-Karadag, and Tonya-Erikbeli plateaus are the plateaus declared as
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tourism centers [13]. Within the scope of the Tourism Encouragement Law, the number of
plateaus declared as tourism centers increased to 21 as of 2019, 18 of which are located in the
Black Sea Region [14].

The “Green Road” Project carried out by the Eastern Black Sea Regional Development
Administration started in 2013. The project aims to connect the important plateaus and tourism
centers of 8 provinces (Artvin, Bayburt, Giresun, Glimiishane, Ordu, Rize, Samsun, Trabzon)
in the Black Sea Region [15]. In addition, the project aimed to expand the tourism demand in
the plateaus over a wider period of time, to offer more alternatives to the tourists coming to the
region by connecting the plateaus to each other, to facilitate the transportation opportunities of
the local people who are engaged in transhumance, and to increase their income levels with the
newly created road networks [10].

Today, more than 50% of the country in general consists of structures that are against zoning,
which corresponds to approximately 13 million independent sections. This situation leads to
many legal disputes between the citizen and the state [16]. It is seen that legalization policies
are continuing in our country to find a solution to the problem of informal construction [17, 18,
19]. It is seen that the laws that came into force in our country from 1948 to 2018 include
provisions to register illegal structures on urban and rural lands [10]. Unfortunately, a definite
solution to urbanization problems has not been produced yet. Over time, various amnesties have
been issued to solve the problem of unplanned urbanization. It has been observed that these
amnesties have not had the desired effect and have instead encouraged unauthorized
construction [20].

The law, which was accepted on 11.05.2018 and called “zoning peace” by the public, entered
into force [21]. The implementation of Zoning Peace can be defined as the registration of
buildings that are unlicensed, contrary to the license and its annexes, or that do not comply with
the zoning legislation, by issuing a building registration document [22]. The implementation of
the zoning peace included the buildings built before 31.12.2017. Applications were made to the
Ministry of Environment and Urbanization and institutions and organizations authorized by this
ministry until 31.10.2018. Building registration documents of those who paid the registration
fee until 31.12.2018 were issued and the buildings were registered in the land registry [10, 21,
23].

Moreover, with the Building Registration Certificate, it has become possible to carry out the
registration procedures in the land registry. In addition, unauthorized structures on treasury
lands have gained the right to apply for a Building Registration Certificate. The Building
Registration Certificate provides the owners of unauthorized buildings with the opportunity to
stop the previous demolition decisions for their buildings, cancel the fines, benefit from
infrastructure services such as electricity and natural gas, and provide property assurance
through registration to the land registry [10, 21]. The deadline for obtaining the Building
Registration Certificate, which was determined as 31.10.2018, has been extended twice and
updated to 15.06.2019 [21]. Finally, it was announced that 10.250.000 citizens applied to
benefit from zoning peace until 15.06.2019 [23]. The last payment date of the fee to be paid to
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obtain the building registration certificate has been extended until 31.12.2019. Building
Registration Certificate applications were made based on the declarations of the unauthorized
building owners through the e-Government application. After the payment of the Building
Registration Certificate price calculated during the application, the Building Registration
Certificate was prepared and given to the beneficiaries.

The main purpose of the enacted law has been described as registering and legalizing illegal
uses. In addition, one of the main goals has been to produce the economic resource needed for
urban transformation projects [22]. According to the official data of the Ministry of
Environment and Urbanization, as of 16.11.2020, 7.280.457 Building Registration Certificates
have been received throughout Turkey within the scope of the Zoning Peace. Since the updating
and cancellation processes of the building registration documents continue, there are changes
in the specified number [21]. As can be understood from the number of building registration
certificates received, many unregistered buildings have become legal by obtaining a building
registration certificate. The Reconstruction Peace arrangement, which came into force, created
a new construction opportunity and caused real people to perceive this arrangement as if it
would produce more buildings [11]. We may deduce that the inhabitants of the plateau who
construct houses surround the areas where their structures are located and have expectations
from potential future legislation from the analysis of satellite images obtained by remote
sensing technology and from field observations [9].

2. Material and Methods

In the study, the effect of the law, which is called "zoning peace" in the public, on the illegal
construction in the rangelands and plateaus areas within the borders of the Akcaabat district of
Trabzon province was investigated. In the study, the examination of the changes in rangelands
and plateaus on satellite images covering an area of approximately 9000 hectares was
considered as 2 separate study areas.. In the first study area, Balikli, Hidirnebi, Karadag,
Kurucam and Livera plateaus are located, while in the second study area, Bela, Biiyiikhanzar,
Biiyiikoba, Enginoba, Iskobel, Iskotinoz, Karaaga¢, Kurtkayasi, Limanoba, Ortahanzar, and
Simba plateaus are located (Figure 1).

Because they are frequently used by residents of the city center and other provinces in the
summer, these plateaus were chosen as the site for the study. Triplesat-2 satellite images
(multispectral (MS) and panchromatic (PAN)) from July 2017 and RGB satellite images from
July 2019 in Google Earth Pro were used in the study. The MS band of Triplesat-2 with 3.2m
spatial resolution has 4 bands (red, green, blue, near infrared), while the PAN band has a spatial
resolution of 0.8 m. Radiometric and atmospheric of the Triplesat-2 (MS and PAN) images
were carried out by the NIK Construction Trade Ltd — NIK System from which the images were
provided. The geometric correction of the images (MS and PAN) images was performed with
sub-pixel accuracy using 42 Ground Control Points (GCPs) selected to be homogeneously
distributed over the image coordinated Continuously Operating Reference Stations- Tiirkiye
(CORS-TR) GPS method in the field. Other RGB images were then registered with the
Triplesat-2 PAN image.
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In the next stage, structures of different years were manually digitized in ArcGIS software using
Triplesat (MS and PAN) images and RGB images. As a result, vector building layers were
produced. Following this, the areas and numbers of the structures built in different years were
calculated in the ArcGIS software. Finally, using the data, the changes in the plateau areas over
time were determined.
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Figure 1. Study areas
3. Results and Discussion

In the study, the effect of the law, which was accepted on 11.05.2018 and called "zoning peace"
in the public, on the change in the plateau and plateau areas was examined. As per the law, the
building registration certificate is given to the buildings constructed before 31.12.2017. For this
reason, the change made between this date and the deadline of 15.06.2019 to benefit from the
zoning peace has been determined. The variation was determined using Triplesat satellite
images from 2017 and satellite images from the Google Earth Pro program.
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3.1. Change Detection Analysis for Study Area 1

According to the results of the change analysis shown in Table 1 for study area 1, it was
observed that the number of buildings in Balikl1 Plateau increased by 307 in 2017 and increased
by 10 in 2019 to 317. The average building area for these years was 102 m? (Table 1). Hidirnebi
Plateau is a highly preferred plateau in the region for both animal husbandry and tourism
purposes. When the data is analyzed, the number of buildings in this plateau was determined as
239 in 2017 and 244 in 2019. It was observed that the average building area was 103 m?. The
results of the change in Karadag Plateau show that the number of buildings was 275 in 2017
and 289 in 2019. The average building area was calculated as 118 m2. When the change in the
Kurucam plateau was examined, it has seen that this plateau is one of the preferred plateaus for
settlement purposes. The number of buildings was determined as 238 in 2017 and 242 in 2019.
When the building areas average was examined, it has been determined that the average of the
building areas in 2017 and 2019 was 106m?. Finally, the analyses on the Livera plateau led to
the conclusion that the number of structures will stay at 15 in both 2017 and 2019. The building
areas average was estimated to be 94 m?.

Table 1. Change in the number of buildings and building areas average for the Study Area 1

Plateau Plateau Building Number of Building Areas
Areas (m?) Areas (m?) Buildings Average (m?)

2017 2019 2017 2019 2017 2019

Balikh 529854 31428 32483 307 317 102 102
Hidirnebi 517458 24867 25242 239 244 104 103
Karadag 1946883 32337 33462 275 289 118 116
Kurucam 539658 25268 25612 238 242 106 106
Livera 54019 1417 1417 15 15 94 94

3.2. Change Detection Analysis for Study Area 2

According to the results of the change analysis shown in Table 2 for study area 2, it was
seen that the Bela plateau was not a region that was used as a residential area more than the
other plateaus in the region. According to the analysis, it was determined that the number of
buildings, which was 13 in 2017, was 19 in 2019. It was also possible to say that the building
area average on the plateau was 75 m2. Biiyiikhanzar plateau is similar to the Bela plateau in
terms of usage as a residential area. The number of buildings was determined as 33 in 2017 and
34 in 2019. It has been observed that the building area average in the plateau was 82 m? and
generally similar buildings were built. In 2017, 196 buildings were found to be present on the
Biiyiikoba plateau. By 2019, there were 206 buildings, an increase of 10. The building area
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average was estimated to be 101 m?. The average building area has demonstrated to us that the
homes constructed on the plateau are not intended for short-term habitation but rather for long-
term habitation. The Enginoba plateau is one of the most popular plateaus for the construction
of permanent buildings, according to the data. In 2017, there were estimated to be 217 buildings,
with a building area average of 103 m?. There were 223 buildings in existence in 2019, and it
was noted that the building area average over the previous time period remained unchanged.
Considering the number of buildings, it is understood that the Iskobel plateau is one of the most
preferred plateaus in terms of settlement. The number of buildings, which was determined as
346 in 2017, became 354 in 2019, and it was observed that there was no change in the average
building’s areas and which was approximately 109 m?. When the change analysis made in the
Iskotinoz plateau was examined, the number of buildings was determined as 69 in 2017, and
76 in 2019. The building area average was detected as 91 m?. According to the results of the
change analysis in the Karaagag plateau, the number of buildings has been determined as 203
in 2017, and 207 in 2019 with an increase of 4 units. However, when the building areas were
examined, it has been seen that the building area average was 91 m? and it was built as a
permanent building. In the Kurtkayasi plateau, it was determined that the number of buildings
in 2017 and 2019 was 28. It has been determined that the building area average was 113 m2.
The Limanoba plateau was found to be less frequently settled than other plateaus when the
evaluation of the results was done. In 2017, there were 103 buildings, and in 2019, there will
be 107 structures, according to calculations. The building areas average between 2017 and 2019
was 93 m?, according to the analysis of the building areas. The examination conducted on the
Ortahanzar plateau led to the conclusion that the number of buildings remained constant
between 2017 and 2019 at 40. The building areas average was found to be 108 m?, and they
were constructed as permanent buildings, even though the total number of buildings remained
constant. Finally, 131 buildings were there on Simba Plateau in 2017; 135 were there in 2019.
Between 2017 and 2019, the building's areas average was determined to be 136 m?.

Change analyzes were made in ArcGIS software for 16 plateaus, and the structuring
over the years was determined in this way. As an illustration, Figure 2 shows the construction
of the Biiylikoba plateau in 2017 and 2019.
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Figure 2. Change analysis for Bilyiikoba plateaus

Change analysis results for study area 2 are shown in Table 2.
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Table 2. Change in the number of buildings and building areas average for the Study Area 2

Plateau Plateau Building Number of  Building Areas
Areas (m?) Areas (m?) Buildings Average (m?)
2017 2019 2017 2019 2017 2019
Bela 480643 976 1446 13 19 75 76
Biiyiikhanzar 101892 2721 2769 33 34 82 81
Biiyiikoba 719644 19844 21047 196 206 101 102
Enginoba 622300 22268 23033 217 223 103 103
Iskobel 821134 37704 38755 346 354 109 109
Iskotinoz 310129 6255 6811 69 76 91 90
Karaagag 3147997 18383 18806 203 207 91 91
Kurtkayasi 220965 3154 3154 28 28 113 113
Limanoba 174083 9589 9904 103 107 93 93
Ortahanzar 234007 4302 4302 40 40 108 108
Simba 978302 17786 18294 131 135 136 136

4. Conclusion

In Turkey, in the past, rangeland and plateau areas were known as spaces used by individuals
engaged in livestock farming to provide feed for their animals. However, nowadays, it is

observed that these areas are predominantly utilized for tourism and recreation purposes, with
unauthorized permanent buildings being constructed in these regions. The study examined the
state of construction in these plateau areas between the start date of the zoning peace law and
the expiration of extension periods. The results indicate that construction activity continued
from the inception of the law until the conclusion of the extension period. During this
timeframe, a total of 83 new buildings were identified in the study areas, with 33 buildings in
the first study area and 50 in the second study area. These findings reveal that construction
activities continue in these areas, the inspection process is not carried out quickly and

effectively, and amnesty laws encourage further construction.
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Abstract

In this study, we prepared a series of ZnS/graphitic-CsN4 nanocomposites in various mass percentages and
morphological properties of all the nanocomposites were examined by utilizing SEM/EDX technique. The
photocatalytic performances of ZnS/graphitic-CsNs nanocomposites were evaluated by degradation of
Rhodamine B molecules under visible light. The photocatalytic performances of all nanocomposites under
various photocatalyst dosages and initial Rhodamine B concentrations were further investigated for
determination of optimal conditions. The obtained results indicated that ZnS/graphitic-C3N4 nanocomposites
show almost 2 times higher photocatalaytic performances than pure graphitic-CsN4 and ZnS nanoparticles. The
scavenger studies indicated that the superoxide radicals had a major role in the photodegradation and the
photodegradation of Rhodamine B follows the pseudo-first-order kinetic.

Keywords: g-CsN4, mechanism, photocatalysis, ZnS nanoparticles

Farkh Kiitle Oranlarina Sahip ZnS/g-C3:N4 Nanokompozitlerin Fotokatalitik
Performanslar

Oz

Bu c¢alismada, cesitli kiitle yiizdelerinde bir seri ZnS/grafit-CsNs nanokompozitler hazirladik ve biitiin bu
nanokompozitlerin morfolojik 6zellikleri SEM/EDX teknigi kullanilarak incelendi. ZnS/grafitik-CsNa
nanokompozitlerinin fotokatalitik performanslari, Rhodamine B molekiillerinin goriiniir 151k altinda
parcalanmasiyla degerlendirildi. Optimum kosullarin belirlenmesi i¢in tiim nanokompozitlerin fotokatalitik
performanslar ¢esitli fotokatalizor miktarlar1 ve baslangic Rhodamine B derigimleri i¢in incelendi. Elde edilen
sonuglar, ZnS/grafitik-C3N4 nanokompozitlerin saf grafitik-CsN4 ve ZnS nanopargaciklarina nispeten yaklagik
2 kat daha yiiksek fotokatalitik performans gosterdigini ortaya koymustur. Siipiiriicii ¢alismalari, sliperoksit
radikallerinin fotobozunmada dnemli bir role sahip oldugunu ve Rhodamine B'nin fotobozunmasinin yalanci
birinci dereceden kinetigi takip ettigini gostermistir.

Anahtar Kelimeler: g-Cs;Ns, mekanizma, fotokataliz, ZnS nanopargaciklar
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1. Introduction

Increase in the utilization of hazardous dyes in industrial areas such as rubber, plastic, textile,
paint, printing, pharmaceutical, leather have caused the accumulation of these toxic dye
molecules in water resources, effecting aquatic life, human health and ecosystem [1-3].
Therefore, improving some influential techniques for removal of these pollutants in wastewater
is important sense to the ecosystem, aquatic life and human health [4-5]. Hence, various
biological, physical and chemical techniques such as filtration, adsorption, precipitation,
chemical reduction and oxidation, flocculation, microbial treatment and photocatalysis have
used to the wastewater purifications [6-10]. Among them, photocatalysis has been widespreadly
used for the degradation of permanent dye pollutants from wastewater due to its effectively,
high performance rate, simplicity, operational simplicity, low cost, stability, good reusibilty as
well as being green technology [11]. To degrade dye pollutants from wastewater, reactive
oxygen species like hole-electron pairs, hydroxyl and superoxide radicals are produced by
irradiation of photocatalysts in photocatalysis [12]. Thereafter, generated these species degrade
pollutants into nontoxic products as well as carbon dioxide, water and oxygen molecules [13].
Diverse photocatalysts such as ZnO, TiO2, CuO and CdS semiconductors have been extensively
conducted for degradation of dye molecules in [14-17]. However, these mentioned
photocatalysts can be used in existence of UV irradiation because of wide band gap values,
which restricted their practical photocatalysis processes under presence of visible light.
Therefore, numerous research groups have improved new photocatalytic materials for the
influential utilizationin photocatalysis under visible light [4,5,12,13]. Among these
photocatalytic materials, graphitic carbon nitride (g-C3N4) has been widely attracted for the
degradation of dye pollutants because of narrow band gap value, low cost, thermal stability and
ability to absorb visible light [18-20]. Nevertheless, the fast electron-hole pairs recombination
property of g-C3Ny4 limits photocatalytic activity [18-20]. To prevent the electron-hole pairs
recombination and develop the photocatalytic performance of g-C3N4, coupling with proper
semiconductor materials to produce heterostructure materials and nanocomposites [18-20].

In the present study, we synthesized ZnS/g-C3N4 nanocomposites at diffrenet mass ratios and
morphological properties of these nanocomposites were examined by SEM/EDX technique.
The photocatalytic performaces of the synthesized nanocomposites were investigated for
degradation of RhB under visible light irradiation. The effects of initial RhB concentaration and
photocatalysts dosages and kinetic of photodegration were also examined for the defination of
optimal conditions. The mechanism of photocatalysis process was proposed by using various
scavengers such as tert-butyl alcohol (TBA), L-ascorbic acid (LA), ethylenediaminetetraacetic
acid disodium salt (EDTA) and AgNO:s.

2. Material and Methods
2.1. Materials

Zinc nitrate hexahydrate (Zn(NO3)2.6H>0), melamine, thioacetamide, ethylene glycol, 2,6-Di-
tert-butyl-4-methylphenol bic acid, ethylenediaminetetraacetic acid disodium salt and AgNO3
were purchased from Sigma-Aldrich.
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2.2. Synthesis of ZnS Nanoparticles

0.004 mol Zn(NO3)2.6H20 and 0.012 mol thioacetamide were separately dissolved in ethylene
glycol (30 mL). Then dissolved thioacetamide solution was slowly added dropwise into the
dissolved Zn(NO3)2.6H20 solution and stirring for 1 hour at room temperature. Then, the
obtained homogeneous solution was transferred to a Teflon-coated stainless steel autoclave.
The autoclave heated up 170 °C and it was kept at 170 °C for 14 hours and then naturally cooled
to room temperature. The obtained solid product was filtered and washed with distilled water
and ethanol three times. Then solid sample was dried at 80 °C for 12 hours and obtained an off-
white powder (ZnS nanoparticles).

2.3. Synthesis of g-C3N4

The muftle furnace was purged with Ar gas for 10 min and then the heating rate is programmed
to increase from 25 °C to 580 °C in 3 hours, to wait at 580 °C for 30 minutes and to cool in 30
minutes. After, 5 g melamine was placed in a crucible and melamine was annealed under these
programmed conditions in the muffle furnace and obtained yellow powder (g-C3N4) was
grinded in a morter.

2.4. Synthesis of ZnS/g-C3N4 Nanocomposites

0.004 mol Zn(NO3),.6H>O was dissolved in ethylene glycol (25 mL). 390 mg of g-C3N4 was
well dispersed in ethylene glycol (10 mL) in other beaker. The g-C3N4 dispersion was added
into the dissolved Zn(NO3),.6H>0 solution and mixture was stirred under these conditions for
30 min. Then, dissolved thioacetamide in ethylene glycol (25 mL) was slowly added dropwise
to the prepared mixture. After the addition was completed, the mixture was stirred at room
temperature at high speed for 1 hour. The mixture was transferred to a Teflon coated stainless
steel autoclave and it was kept in an autoclave at 170 °C for 14 hours and then rapidly cooled
to room temperature. The obtained solid powder was filtered and washied with distilled water
and ethanol three times separately. The solid sample was dried at 80 °C for 12 hours and the
ZnS/g-C3N4 nanocomposite was obtained in a 1:1 ratio and labelled as ZnS/g-C3N4 1:1. ZnS/g-
C3N4 2:1 and ZnS/g-C3N4 1:2 nanocomposites were synthesized by using a similar synthesis
method.

2.5. Measurement of Photocatalytic Activities of Samples

The studies of photocatalytic activities of g-C3Na, ZnS, ZnS/g-C3N4 1:2, ZnS/g-C3N4 1:1 and
ZnS/g-C3Ny 2:1 samples were examined via photodegradation of RhB dyestuff under visible
light in photoreactor (Luzchem, LZC-4X). The photocatalyts (2gL-1) and dyestuff solution
(5mgL-1) were stirred without irradiation (in the dark) for 60 min to attain the
adsorption/desorption equilibrium between dyestuff molecules and photocatalyts. After the
adsorption/desorption equilibrium, 2mL was taken from suspension, centifureged and measured
the absorbance value at 554nm for determination of initial concentration (Co) of RhB dyestuft.
Then, the mixtures were exposed to visible-light irradiation for an extented irridation time under
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stirring. At determined time intervals, 2mL suspensions was extrated and centrifuged to remove
the solid photocatalysts. Then dye concentration (Cy) at given time in centrifuged solution was
determined via measuring the absorbance value at maximum wavelenght (554nm) by utilizing
UV-vis spectrometer. Finally, the photodegradation activities were calculated according to
Eq.(1) given below.

Photodegradation (%) = %xmo (1)
0

The influence of catalyst dosage (1-3gL!) and initial RhB dye concentration (5-15mgL!) on
photodegradation activities of photocatalysts were examined under same experimental
procedure at determined pH value.

2.6. Instruments

The SEM-EDX analysis to obtained morphological features and elemental composition of
samples were taken on a Field Emission Scanning Electron Microscope (Quanta FEG 450-FEI).
PG Instrument T80+ model UV-Vis spectrophotometer was used in photocatalytic activity
studies of samples.

3. Results and Discussion

3.1. SEM-EDX analysis of samples

Figure 1. SEM images of g-C3Nj at different magnifications

The morphological features of g-C3N4, ZnS, ZnS/g-C3N4 1:2, ZnS/g-C3N4 1:1 and ZnS/g-C3N4
2:1 samples were investigated by SEM analysis. As illustrated as Fig. 1a-d, pure g-C3Ny
showed a layered stacking morphology with roughness surface which provide an advantage for
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decoration of ZnS nanoparticles on its surface. ZnS have mostly exhibited the nano-sphere
structure together with considerable aggregation (Fig. 2a-d). The SEM images of ZnS/g-C3N4
1:2, ZnS/g-C3N4 1:1 and ZnS/g-C3N4 2:1 nanocomposites evidently showed that ZnS nano-
spheres covered on g-C3N4 sheets with well dispersion, which supplied direct proof for the
successful synthesis of ZnS/g-C3N4 nanocomposites (Fig. 3-5 a-d). As it is known, the decrease
in aggregation of ZnS nanoparticles on g-C3Nj sheets increases the photocatalytic performances
of nanocomposites via providing more active sites [21]. However, the appropriate quantity
ratios of materials are also significant parameter to improve the photocatalytic performances of
nanocomposites [18-21]. The SEM images of ZnS/g-C3N4 nanocomposites demonstrated that
the aggregation of ZnS nano-spheres on g-C3N4 surface decreased with the amount of ZnS
loaded.

Figure 2. SEM images of ZnS nanoparticles at different magnifications

The elemental composition of g-C3N4, ZnS, ZnS/g-C3N4 1:2, ZnS/g-C3N4 1:1 and g- ZnS/g-
C3N4 2:1 samples were performed by using EDX analysis and EDX spectra of samples were
given in (Fig. 6). The atomic % of elements on the samples were also given in the inset of (Fig.
6). The pure g-C3Ny4 have only C and N atoms while pure ZnS contains Zn and S atoms, which
are in well agreement with stoichiometric ratio of their formula’s components. The EDX data
of ZnS/g-C3N4 nanocomposites indicate the existence of C, N, Zn and S elements which
confirmed the successful formation of ZnS/g-C3N4 nanocomposites with good purities. The
tight connection between ZnS and g-C3N4 provides prevention of recombination of holes and
electrons, which increases the catalytic activities of nanocomposites [21].
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Figure 4. SEM images of ZnS/g-C3N4 1:1 nanocomposite at different magnifications
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3.2. Photocatalytic degradation of Rhodamine B

The photocatalyst dosage, initial solution pH and initial dye concentration are important
parameters affecting photocatalytic activity in addition to the surface area, particle size and
aggregation of the photocatalyst. Therefore, the effect of catalyst dosage and initial dye
concentration on the photodegradation of RhB dyestuff under visible light were investigated in
the presence of ZnS/g-C3N4 1:2, ZnS/g-C5Ns 1:1 and ZnS/g-C3Ny 2:1 catalyst. In order to
examine the effect of the photocatalyst dosage on the photodegradation of RhB, the
photocatalyst dosages were taken as 1, 2 and 3 g/L at pH 6,36 for an initial dyestuff
concentration of 5 mg/L. When the catalyst dosages are taken as 1, 2 and 3 g/L, the
photodegradation of RhB molecules were determined as 87%, 92% and 95% for the ZnS/g-
C3Ng4 1:2 catalysts, 68%, 98% and 91% for ZnS/g-C3N4 1:1 catalyst, and also 68%, 79% and
75% for ZnS/g-CsN4 2:1 catalyst, respectively (Fig.7a-c). It was found that the
photodegradation efficiencies of all catalysts towards RhB increased when catalyst dosage was
increased from 1g/L to 2g/L. whereas the photodegradation efficiencies decreased after the
catalyst dosage was increased to 3g/L. The increases in photodegradation efficiencies is
associated with an increase in the amount of active centers on the catalyst surface responsible
for the adsorption of dye molecules, depending on the amount of catalyst [12,13,22]. On the
other hand, while an increase in the photodegradation of RhB was expected due to the increase
in the catalyst dosage, but it was found to a decrease [22]. This situation is explained by the
scattering of light by suspension due to the increase in the opacity of the suspension with the
increasing amount of catalyst and thus preventing the light from reaching the active centers on
the catalyst surface [12,13,22]. According to the catalyst dosage studies, the best catalyst dosage
was determined as 2g/L for all catalysts.
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Figure 7. The influence of the photocatalyst dosage (a,b,c) and initial dye concentartion
(d,e,f) on the photodegradation of RhB
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To investigate the influence of the initial dye concentration on the photodegradation of RhB,
the initial dye concentrations were taken as 5, 10 and 15 mg/L at pH 6,36 using 2g/L catalyst
dosage. When the initial dye concentrations were taken as 5, 10 and 15 mg/L, the
photodegradation of RhB molecules were detected as 95%, 91% and 85% for the ZnS/g-C3N4
1:2 catalysts, 98%, 87% and 81% for ZnS/g-C3N4 1:1 catalyst, and also 79%, 74% and 64% for
ZnS/g-C3Ny 2:1 catalyst, respectively (Fig. 7d-f). As seen from Fig. 7d-f, it was observed that
the photodegradation efficiencies of all catalysts were decreased by increasing the initial dye
concentration. This situation is associated with the fact that increasing dye concentration causes
an increase in the amount of non-adsorbed dye molecules [12,13,23]. These non-adsorbed dye
molecules cause both a decrease in the light transmittance and a prevent the penetration of the
light used on the catalyst surface due to the characteristic light absorption ability of the dye
molecules [12,13,23]. These events induce a decrease in the amount of photodegradation.
According to the initial dye concentration studies, the most appropriate initial dye amount was
found as 5mg/L.

We further investigated the photocatalytic activities of pure g-C3N4, pure ZnS and ZnS/g-C3N4
nanocomposites by examining photodegradation of RhB molecules under visible light in the
determined optimum conditions (5Smg/L initial dye concentration, 1g/L catalyst dosage, and
pH=6.36) and the obtained results are showed in (Fig. 8a). Photolysis of RhB was detected as
10 % under visible light within 150 minutes without the presence of any catalyst. In the presence
of ZnS and g-C3Nj catalysts, the photodegradation of RhB under the same conditions was found
to be 43% and 70%, respectively. The photocatalytic performances of ZnS/g-C3N4
heterostructures significantly increased compared to pure g-C3N4 and ZnS. The photocatalytic
performances of ZnS/g-C3Ny 1:2; ZnS/g-C3Ny 1:1 and ZnS/g-C3N4 2:1 photocatalysts were
detected as 95%, 98% and 79%, respectively, which showed that ZnS/g-C3N4 heterostructures
have satisfactory photocatalytic performances. The production of heterojunction structure
between the g-C3N4 and ZnS facilitated the electron transition from g-C3N4 to ZnS and thus
resulted in preventing of the recombination of hole-electron pairs, which increases the
photocatalytic performance of nanocomposites. The ZnS/g-C3N4 1:1 nanocomposite indicated
the best photocatalytic performance which degraded 98 % of RhB molecules after visible light
irradiation for 150 minutes.
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Figure 8. The photocatalytic performances of samples under optimum conditions
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To determine the kinetic parameters, the pseudo-first-order kinetic model was performed
according to equation is given below. Fig. 8b showed that a plot of In(Co/Ct) versus time have
straight lines for all samples, proving degradation reaction of RhB in the presence of all samples
follow the pseudo-first-order kinetic.

C
In=2
Ct

= k.t 2)

The Co, C; and t are the initial concentration of dye molecules, the concentration of dye
molecules at the relevant irradiation time and time (minute), respectively. The kapp is the
apparent rate constant (min™') which obtained from the slope of the plot of In(Co/C) versus time.
In addition, the calculated kapp constants and correlation coefficients (R?) values are offered in
Table 1. The kapp and R? values of ZnS/g-C3Ns 1:1 nanocomposite are highly higher than those
of g-C3Na4, ZnS and other ZnS/g-C3N4 nanocomposites. Therefore, these data showed that the
photodegradation of RhB in the existence of ZnS/g-C3N4 1:1 nanocomposite fits the pseudo-

first-order kinetic very well and it has the supreme photocatalytic performance.

Table 1. The calculated kapp constants and correlation coefficients (R?)

Samples Kapp (dak™) R?

g-C3Ny 0.00822 0.99944
7nS 0.00371 0.99844
1:1 0.02574 0.99925
1:2 0.01685 0.99961
2:1 0.01018 0.99920

In order to find the influences of reactive species to photodegradation of RhB on ZnS/g-C3Ny4
catalyts and to evaluate the catalytic mechanism, the trapping studies were carried out the same
experimental conditions as photocatalysis studies. Tert-butyl alcohol (TBA), L-ascorbic acid
(LA), ethylenediaminetetraacetic acid disodium salt (EDTA) and AgNO; were utilized as the
scavengers to evaluate the effect of hydroxyls radicals, superoxide radicals, holes and electrons,
respectively. Fig. 9 shows the photocatalytic performances of ZnS/g-C3Njy catalyts for the RhB
photodegradation under visible light the existence of the scavengers and except of the addition
of them. The scavenger results indicate that the roles of scavengers in the order of superoxide
radicals > holes > electrons and hydroxyls radicals. The superoxide radicals and holes have
primary and secondary roles in the photodegradation of RhB, respectively, whereas electrons
and hydroxyls radicals have minor roles in the photodegradation of RhB.
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Figure 9. The effects of scavengers on the photodegradation of RhB

According to the literature, the band gap values of g-C3N4 and ZnS are approximately 2.5 and
3.9 eV. [19]. Therefore, the g-C3N4 can be photoexcited by visible light whereas ZnS cannot be
photoexcited by visible light. Based on the band gap values and scavenger studies, the plausible
mechanism for degradation of RhB under visible light in presence of all ZnS/g-C3Nj catalyts
was given in following equations [3-7].

g — C3Ny+ hv - hip + ecg(g — C3N,) 3)
hie +ecp(g — C3Ny) = hijp(g — C3N,) + ecp(ZnS) 4)
ecg(ZnS) + 0, > - 05 Q)
-0, + RhB - degraded products (6)
hig(g — C3N,) + RhB — degraded products (7
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4. Conclusion

ZnS/g-C3N4 nanocomposites with various mass percentages were synthesized and characterizd
by SEM/EDX analysis. The ZnS/g-C3Ns 1:1 nanocomposite showed excellent visible-light-
driven photocatalytic performance. The obtained results indicated that the photocatalytic
performances of the synthesized materials against RhB molecules in order of ZnS/g-C3Ny 1:1,
ZnS/g-C3N4 1:2, ZnS/g-C3N4 2:1, g-C3N4 and ZnS. The superoxide radicals have principle roles
while other species play minor effects in the photodegradation of RhB. The degradation of RhB
molecules existence of all photocatalysts was determined to follow the pseudo-first-order
kinetic. This present work provides novel approach for improving ZnS/g-C3N4 nanocomposites
for photodegradation of various pollutants.
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Abstract

In this study, different composites were prepared from oxidized polyolefin (OxPO) and synthetic waste
(recycled polyolefin) to enhance the mechanical and thermal properties of recycled polyolefin, and the results
of experimental studies on the mechanical (elongation, elasticity, tensile strength, etc.) and thermal properties
of these composites were discussed. The composites were prepared in a laboratory-scale twin-screw extruder
by grafting an oxidized polyolefin/styrene (St) blend onto recycled polypropylene (rPP) using the melt-free
radical polymerization method. The prepared composites' mechanical properties (elongation and tensile
strength) were determined according to the ISO 527-2 standard method. It was observed that the modulus of
elasticity of (OxPO/St/rPP) composites increased by 24% compared to the modulus of elasticity of rPP and the
tensile strength increased by 45% compared to the tensile strength of rPP. The composites were characterized
by Thermogravimetric analysis and Fourier Transform Infrared (FTIR) spectroscopy. Thermogravimetric
analysis (TGA) results showed that the thermal stability of the composites 36 °C increased compared to the
thermal stability of rPP. Melt Flow Index (MFI) tests showed a 15% decrease in the Melt Flow Index value of
the composites.

Keywords: recycled polypropylene; oxidized polyethylene; composite; styrene; maleic anhydride

Geri Doniistiiriilmiis Polipropilen / Oksitlenmis Polietilen Kompozitlerin Termal ve Mekanik
Ozelliklerinin Arastirilmasi ve Tyilestirilmesi

Oz

Bu calismada, geri doniistiiriilmiis poliolefinlerin mekanik ve termal oOzelliklerini gelistirmek amacriyla
oksitlenmis poliolefin (OxPO) ve sentetik atiklardan (geri doniistiiriilmiis poliolefin) farkli kompozitler
hazirlanmis ve bu kompozitlerin mekanik (uzama, elastikiyet, cekme mukavemeti vb.) ve termal ozellikleri
iizerine yapilan deneysel calismalarin sonuglart tartisildi. Kompozitler, laboratuvar olgekli ¢ift vidali
ekstriiderde, oksitlenmis poliolefin/stiren (St) karisiminin geri doniistiiriilmiis polipropilen (rPP) tizerine eriyik
serbest radikal polimerizasyon yontemi kullanilarak asilanmasiyla hazirlandi. Hazirlanan kompozitlerin
mekanik oOzellikleri (uzama ve ¢ekme mukavemeti) ISO 527-2 standart yontemine gore belirlendi.
(OxPO/St/rPP) kompozitlerinin elastisite modiiliiniin, rPP'nin elastisite modiiliine kiyasla %24, kompozitlerin
¢ekme mukavemetinin ise rPP'nin ¢ekme mukavemetine kiyasla %45 oraninda arttig1 gézlemlendi. Kompozitler
Fourier Transform Infrared (FTIR) spektroskopisi, Termogravimetrik analiz ile karakterize edildi.
Termogravimetrik analiz (TGA) sonuglari, kompozitlerin termal stabilitesinin, rPP’nin termal stabilitesine
kiyasla 36 °C arttigim1 gosterdi. Eriyik Akis Indeksi (MFI) testleri, kompozitlerin eriyik akis indeksi degerinde
%15 diistis oldugunu gdstermistir.

Anahtar Kelimeler: geri doniistiiriilmiis polipropilen; oksitlenmis polietilen; kompozit; stiren; maleik anhidrit
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1. Introduction

Big bags are a versatile type of packaging that protects the products they contain from moisture,
contamination, and UV light during transportation and storage. They are easy to fill and empty,
offer high security, and can be tailored to the customer's exact requirements. Depending on
requirements, big bags can be supplied with or without an inner liner, come with single or
multiple carry handles, and are available in a range of sizes, colors, styles, and specifications.
Big bags are industrial packaging with a load capacity of 500 kg to 2000 kg. The main elements
of big bags consist of a main body, lifting handles, top and bottom closures, and filling and
emptying spouts. These components are made exclusively from polyolefin (PO) raw materials.
The cost of raw materials is the most important cost factor in the manufacture of these products.
In Turkey, standard plastics (PE, PP, PVC, PS) account for the majority of plastic raw material
consumption. The domestic supplier PETKIM covers around 35% of the demand for
polypropylene (PP) and polyethylene (PE), thermoplastics derived from crude oil, which are
mainly used for the production of large bags. Imports cover the rest of the demand. The current
situation in the commodities market has led to fluctuations in oil prices and exchange rates.
These external factors pose a threat to the competitiveness of the synthetic textiles sector,
particularly due to lower labor costs in China and India, which have their oil resources. Recipe
design and confidentiality, waste reduction, and improving raw material efficiency are key
components to improving competitiveness. Thermoplastics increasing consumption, the fact
that they are petroleum derivatives, the creation of uncontrollable waste mountains, and their
environmental impact make the recycling of products made from polyolefins unsustainable.
Disposal of plastic waste in the environment is considered to be a big problem due to its very
low biodegradability and presence in large quantities [1,2]. Although recycling and reuse are
sustainable methods to overcome these obstacles, the mechanical properties of polyolefins
decrease during the recycling process.

Polyolefins are thermoplastic polymers with a wide range of applications, from automotive
parts to textile and food packaging. Due to its low cost, thermal stability, and corrosion
resistance [3-5], polypropylene is widely used for various applications such as packaging,
technical automotive parts, and composites. Polypropylene which is produced by polymerizing
the monomer propylene, is generally very resistant to chemical solvents. It is difficult for
microorganisms in the environment to break down commercially produced plastics [6]. Despite
numerous commercial applications, a major disadvantage of polyolefins (PP, PE) is their weak
interaction with other materials. In addition, attempts to blend these types of polyolefins with
other polymers have been unsuccessful for the reasons mentioned above. For example, if we
want to overcome the incompatibility of polypropylene, we need to add polar groups to it. Like
many other materials, PP forms only weakly interacting blends [7] because it lacks the chemical
groups necessary for these interactions. It is a challenge to produce compatible blends or
composites with PP without specific interactions [8]. The modification of polypropylene, i.e.
the introduction of functional groups, makes it compatible with other materials. It has been
found that PP modified with maleic anhydride significantly improves the impact strength and
tensile strength of PP and LCP blends [9]. Many approaches, such as incorporating elastomers,
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inorganic fillers, or blending with other polymers, can improve the thermal and mechanical
properties of recycled PP [10-12].

Oxidized polypropylene is an oxidized polymer that contains peroxides and peracids in its
structure in the presence of a strong oxidizing agent (H2O2 or KMnOy) [13-15]. The presence
of peracid-like groups in the polymer structure gives oxidized polypropylene certain properties
(functionality, compatibility, solubility, etc.). It can therefore be used to create blends,
compatibilized nanocomposites or to hold materials together. Due to their high strength and
lightness, composite materials have a wide range of applications (defense industry, aerospace,
automotive, transport, etc.) [16-18].

In this study, to improve the mechanical and thermal properties of recycled polypropylene,
which are crucial for environmental waste reduction and sustainable production, composites
were prepared by melt grafting into the polymer chain using monomers containing maleic
anhydride (MAH) or styrene (St) with oxidized polyethylene (OxPE). To improve the overall
performance of recycled PP, the methods developed by many researchers to produce long-chain
branched PP were used and the branched structure was introduced into the recycled PP by
reactive extrusion. The resulting composites were characterized and tested for their thermal
properties. Test specimens were produced from dog bones and the composites were subjected
to the ISO 527-2 standard test for fracture and elongation. The improvement in tensile strength
of the composites compared to recycled polypropylene indicates the formation of a branched
structure in the composites.

2. Material and Methods
2.1 Materials

Virgin polypropylene with MFI 4.3 g/10 min. (230 °C/2.16 kg) (PP, Sibur Sibex H043 FF/3).
Oxidized polyethylene (OxPE, TRX K-90 Akdeniz Chemson). Benzoyl peroxide (BPO, 98%
Merck). Maleic Anhydride (MAH, 99% BDH). Styrene (St, 99% Merck).

2.2 Calculations of the peroxide concentration of the oxidized polyolefin

Calculations of the peroxide concentration of the oxidized polyolefin were determined by
titration method. The following formula was used to calculate the acid number.

Definitions of the variables in the formula:

a: amount of thiosulfate consumed for the sample in the titration, ml
b: the amount of thiosulfate consumed for the blank in the titration, ml
N: normality of thiosulfate, N

m: amount of sample taken, g
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(a—b)xNx 1000}

The acidity number = {
m

2.3 Preparation of synthetic waste

To simulate synthetic waste, virgin polypropylene with an MFI of 4.3 g/10 min (230 °C/2.16
kg) was thermally degraded at 260 °C with an L/D of 40 in a twin-screw extruder.

2.4 Preparation of mixtures

In reactive extrusion, depending on the solubility of the monomer in the polyolefin melt and
monomer stability and volatility, the monomer can be added together with the polyolefin, added
directly to the molten polyolefin, adsorbed onto another polymer or dissolved in a suitable
solvent [19]. The recipes given as examples in Table 1 and Table 2 were prepared by mixing
the monomer in oxidized polyethylene at a temperature of 70 °C for 15 minutes.

Table 1. Compositions prepared for blending with MAH and OxPE

Sample OxPE MAH

Name (%) (%)
0X100 100 -
OX90MAH10 90 10
OX50MAHS50 50 50
OX10MAH90 10 90
MAH100 - 100

Table 2. Compositions prepared for blending with St and OxPE

Sample OxPE St
Name (%) (%)

OX50ST50 50 50

2.5 Preparation of the Composites

To prolong the polypropylene chains exposed to high temperatures and subjected to chain
fragmentation by thermal degradation and/or to increase the molecular weight of the polymer,
mixtures prepared according to the recipes given in Table 1 and Table 2 were added to the
degraded polypropylene and passed through an extruder at 180 °C.
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2.6 MFI Tests of the Composites

The MFI tests of the prepared composites were performed on the Davenport MFI-10 apparatus
according to ASTM 1238 B to monitor the changes in chain length and molecular weight of the
prepared composites. The densities of the composites were measured using the AND GR-200
instrument. MFI and density measurements of composites are shown in Table 3 and Table 4.

2.7 Characterization of the composites

The formation of functional groups on composites by thermal degradation was investigated
using the PerkinElmer FTIR spectrometer. Figure 1 shows the FTIR analysis of the samples.

2.8 Tensile strength tests of composites

To investigate the mechanical properties of composite OxPE/St/rPP, PP, and rPP samples in
Table 4, dog bone-shaped specimens were prepared by injection molding and tested on WDW
series universal testing machine (Hensgrand testing machine factory, China) by ISO 527-2
tensile test standard at (23 + 2) °C test atmosphere and (50 + 10) % relative humidity. Stress-
strain curves are shown in Figure 2.

2.9 Termal analysis of the composites

Thermogravimetric analysis (TGA) and differential thermal analysis (DTG) measurements
were carried out using a Perkin-Elmer thermal analyzer. The mass of the samples was between
9 to 10 mg. The composite samples were heated in the range of 30-1000 °C with a flow heating
rate of 10 °C/min under a nitrogen atmosphere. Thermal analysis thermograms are shown in
Figure 2.

3. Results and Discussion

An important disadvantage of polyolefins is their poor interaction with other materials. In this
study, polypropylene, a polyolefin, was degraded through thermal degradation, and functional
groups were created on its chains and mixed with other materials (such as monomers and other
polymers, etc.) interaction has been increased. The acid number of the polymer was determined
to find the number of functional groups formed during oxidation. for this purpose, an acid
number of the oxidized polyethylene, which was used in this study to prepare composites for
increasing the chain length of recycled polypropylene, was determined to be 40.80.
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Table 3. Density and MFI values for rPP/OxPE/MAH composites, unmodified rPP, and

virgin PP

Sample rPP OxPE MAH MFI Density
Name (%) (%) (%) (¢/10min)  (g/cm’)
1VPP 0 0 0 4.37 0.9024
2VPP 100 0 0 4.81 0.8846
2VPPoxio00 98 2.0 0 5.11 0,8940
2VPPoxoomanio 98 1.8 0.2 5.29 0,8995
2VPPoxsomaHs0 98 1.0 1.0 5.67 0,8910
2VPPox10maH90 98 0.2 1.8 6.03 0,8876
2VPPwmaHI100 98 0 2.0 6.28 0,8890

The MFI values of the experiments prepared with styrene monomer decreased compared to the
MFTI values of rPP. The decrease in MFI value suggests that recycled PP, forming the composite
matrix, intermingles with oxidized polyethylene and styrene monomer to elongate its chain.

Table 4. Density and MFI values for rPP/OxPE/St composites, unmodified rPP, and virgin PP

Sample rPP OxPE St MFI Density
Name (%) (%) (%) (g2/10min) (g/cm’)

1VPP 0 0 0 4.45 0.9024
3VPP 0 0 0 5.98 0.8846
3VPPoxsostso0 99 0.5 0.5 5.10 0.8912

3.1 FTIR spectral analysis

The formation of functional groups by thermal degradation was studied using the FTIR method.
Figure 1 shows the FTIR analysis of the samples. The carbonyl C=0 peak around 1700 cm!
and the C-O ester peak around 1100 cm! indicate the formation of functional groups. In

addition, the overtone transitions observed around 2000 cm™! indicate the presence of a benzene
ring structure.
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Figure 1. FTIR analysis of rPP/OxPE/St composites and rPP

3.2 Termal analysis (TGA/DTG)

The TGA and DTG analyses are shown in Figure 2. It was found that all samples were degraded
in a single step. The degradation temperature of PP, rPP, and composite starts at about 310°C
and ends at 511°C. The degradation temperature (Td, 5% mass loss temperature and Td, 50%
mass loss temperature) was also analyzed and it was found that the thermal stability of rPP was
lower than that of the composites. It was found that the thermal stability of the composite of 1
wt% OxXPE/St and rPP was about 36 °C higher than the thermal stability of rPP. When
comparing the composite sample with the rPP sample, it was found that the temperature at
which thermal degradation began (Tonset) Was 325°C and 343°C, respectively, and the
temperature at which the samples were fully degraded (Tofrer) was 325°C and 343°C,

respectively.
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Figure 2. TGA and DTG analysis of rPP/OxPE/St composites, unmodified rPP, and virgin PP
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Table 5. TGA results of rPP/OxPE/St composites, unmodified rPP, and virgin PP

Sample rPP OxPE St Consent Ts Tso Toffset
Code (%) (%) (%) (#0.5°C) (#0.5°C) (#0.5°C) (#0.5°C)
1VPP 0 0 0 353 440 471 511
3VPP 100 0 0 310 418 467 492

3VPPoxs0sTs0 99 0.5 0.5 346 427 469 506

3.3 Mechanical properties of the composites

In the current study, the composites extracted from synthetic waste were treated with oxidized
polyolefin (OxPO). Oxidized polyolefin/styrene (St) was grafted onto recycled polypropylene
(rPP) by the radical polymerization method. Thus, a homogenous composite was obtained. The
mechanical properties of the composites prepared with recycled PP and the recycled PP and
virgin PP samples were tested with a tensile testing machine. In Table 3, a summary of the
tensile tests for both PP and composites is presented. As a result, an increase in the tensile
strength and elongation at the break of the composites prepared with recycled PP was observed.
The stress-strain curves of PP, rPP, and the composites are shown in Figure 3.
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Figure 3. Stress-strain graphs for PP, rPP, and the composites
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Table 6. Mechanical properties of PP, rPP, and the composites

Sample rPP  OxPE St Ultimate Young’s Elongation
Code (%) (%) (%) tensile modulus (%)
strength (MPa)
(MPa)
1VPP 0 0 0 36 1.1851 95
3VPP 100 0 0 34 0.8765 43
3VPPoxsostso 99 0.5 0.5 39 1.0879 170

4. Conclusion

In this study, to improve the mechanical and thermal properties of recycled polypropylene,
composites of oxidized polyolefin (OxPO) and synthetic waste (recycled polyolefin) were
produced and their mechanical (elongation, elasticity, tensile strength, etc.) and thermal
properties were investigated. The test results show that the MFI values of the samples produced
with styrene decreased or remained almost constant. The fact that the MFI values of the
composite prepared with styrene and oxidized polyethylene and rPP remain constant may
indicate an increase in molecular weight or the presence of cross-linking. The peak observed at
1730 cm™ in the FTIR spectrum indicates the formation of C=0 and C-O - bonds leading to
long chains. Experimental results on dog bone samples prepared with styrene formulations
show a 45% increase in tensile strength and a 295% increase in elongation of recycled PP. A
comparison of the modulus of elasticity of the composite and the rPP showed a 24%
improvement in the modulus of elasticity of the composite.
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Abstract

In the current study, the characterization of 44 lentil genotypes was performed using SDS-PAGE (Sodium dodecyl
sulfate-polyacrylamide gel electrophoresis) technique. The protein bands were scored according to a binary system
as the present (1) or absent (0) that ranged 12-20 bands in lentil genotypes. The Jaccard’s coefficient of genetic
dissimilarity (GD) was measured, and the mean GD was 0.216. Maximum genetic distance was found as 0.526
between Syria2 with Iraq3 and these genotypes might be recommended for future lentil breeding. AMOVA explored
the presence of higher genetic variety within genotypes (83%) than among genotypes (17% variations). STRUCTURE
algorithm separated lentil genotypes into two groups mainly on the basis of their geographic. The UPGMA clustering
separated lentil genotypes into two main clusters A and B. The PCoA was also conducted to confirm the results of
structure and UPGMA analyses. Findings from the PCoA and structure analyses were in full agreement with those
obtained by UPGMA. The results might be useful for researchers worldwide who are interested in lentil breeding.

Keywords: Genetic diversity, germplasm characterization, population structure, protein

Farkh Ulkelerden Elde Edilen Mercimek Genotiplerinde Genetik Cesitliliginin SDS-

PAGE Yontemi ile Arastirilmasi

0z

Bu c¢alismada, 44 mercimek genotipinin karakterizasyonu, SDS-PAGE kullanilarak gerceklestirilmistir. Protein
bantlari, var (1) veya yok (0) seklinde puanlanmis ve mercimek genotiplerinin bant araliginin 12-20 bant arasinda
oldugu belirlenmistir. Jaccard’in genetik benzerlik katsayisi (GD), ortalama 0.216 olarak tespit edilmistir. Suriye2 ile
Irak3 genotipleri arasinda maksimum genetik uzaklik 0.526 olarak bulunmus ve gelecekteki mercimek islahi
caligmalarinda kullanilabilecegi belirlenmistir. AMOVA mercimek genotiplerindeki yiiksek genetik cesitliligini
varligimi aragtirmis ve popiilasyon i¢indeki (%83) varyasyonun popiilasyonlar arasindaki (%17) varyasyona kiyasla
yiiksek oldugunu gostermistir. STRUCTURE algoritmasi, mercimek genotiplerini cografi bolgelerine gore iki gruba
ayrmistir. UPGMA kiimelemesi, mercimek genotiplerini iki ana kiimeye (A ve B) ayirmistir. STRUCTURE ve
UPGMA analizlerinin sonug¢larini dogrulamak igin PCoA gergeklestirilmis ve sonuglarin uyum igerisinde oldugu
belirlenmistir. Arastirma sonuglar1 diinyanin farkli yerlerinde mercimek 1slahi ile ilgilenen arastirmacilara 6nemli
katkilar saglayacaktir.

Anahtar Kelimeler: Genetik cesitlilik, germplazm karakterizasyonu, popiilasyon yapisi, protein.
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1. Introduction

Pulses are considered the best source of plant-based protein and other essential nutrients like
zinc, iron and vitamins required for the development and growth of the human body [1]. Besides
their importance for human health, pulses are also a valuable resource employed for fodder or
pasture [2]. Among the pulse crops, lentil (Lens culinaris Medik.) is a self-pollinating plant
with diploid (2n = 2x = 14) chromosomes [3]. It existed around 7000-10,000 years ago in the
Eastern Mediterranean region [4]. This crop is produced in more than 58 countries worldwide,
and its seeds are high in protein content, vitamins, and essential nutrients [5,6]. As a legume
crop, lentil contributes significantly to a sustainable agriculture production system through
nitrogen fixation capacity and lowers the application of fertilizer in cereal-based cropping
system [7]. According to FAO [8], lentil was grown in a 5.58 million ha area having a
production of 5.61 million tons in 2021.

Germplasm characterization is crucial because it provides a source of variations that can be
employed for breeding purposes [9]. Similarly, investigation of the relationship among the
genotypes is very important for efficient breeding activities to develop modern varieties having
high yield, high nutritional value and resistance to biotic and abiotic stress [10]. In the last two
decades, genetic diversity has gained great attention and importance [11,12]. It is critical for
successful plant breeding studies to discover and characterize novel genes/alleles [13,14].

Numerous research have been undertaken to investigate genetic diversity in various lentil
germplasm using DNA-based markers such as RFLP (Restriction fragment length
polymorphism) [15], RAPD (Random amplified polymorphic DNA) [16], AFLP (Amplified
fragment length polymorphism) [17], ISSR (Inter-simple sequence repeat [18], SSR (Simple
sequence repeat) [19], DArT (Diversity Array Technology) [20], SNP (Single Nucleotide
Polymorphism technique [13,21,22]. To investigate genetic differences among plant
species/subspecies, biochemical markers or seed protein patterns are widely performed [23].
SDS-PAGE technique has mainly been applied for the differentiation of seed protein [24,25].
This technique was used previously to determine genetic diversity in various crop species such
as common bean [26,27], coriander [28] and lentil [5,29,30]. In this study, genetic diversity
among forty-four lentil genotypes originating from thirteen counties was investigated using
seed storage protein pattern. The outputs of this study would contribute an influential source
for lentil genetic programs in the future, and support lentil breeders to make successful
selections in the near future.

2. Material and Methods
2.1. Plant material

As plant material, the 44 genotypes of lentils from 13 different countries were employed (Table
1). These genotypes were supplied by the USDA (United States Department of Agriculture).

81



Investigation of Genetic Diversity in Lentil Genotypes Obtain from Different Countries Using SDS-PAGE

Methodology

Table 1. The passport information of the lentil genotypes employed in this study.

No ID Plant Name Taxon Collected Place
1 | P1320946 ILL 513 Lens culinaris subsp. culinaris | Ancient Palestine
2 | P1 193550 ILL 207 Lens culinaris subsp. culinaris Ethiopia
3 | P1 193549 ILL 206 Lens culinaris subsp. culinaris Ethiopia
4 | PI 193817 ILL 208 Lens culinaris subsp. culinaris Ethiopia
5 | P1 193548 ILL 205 Lens culinaris subsp. culinaris Ethiopia
6 | PI1273664 ILL 247 Lens culinaris subsp. culinaris Ethiopia
7 | P1297772 ILL 304 Lens culinaris subsp. culinaris Greece
8 | PI1297773 ILL 305 Lens culinaris subsp. culinaris Greece
9 | P1297765 ILL 297 Lens culinaris subsp. culinaris Greece
10 | P1 297770 ILL 302 Lens culinaris subsp. culinaris Greece
11 | P1297774 ILL 306 Lens culinaris subsp. culinaris Greece
12 | P1 472365 33-069-00299 Lens culinaris subsp. culinaris India
13 | P1 472360 33-069-00294 Lens culinaris subsp. culinaris India
14 | P1472355 33-069-00288 Lens culinaris subsp. culinaris India
15 | P1472370 33-069-00304 Lens culinaris subsp. culinaris India
16 | P1472600 33-071-10647 Lens culinaris subsp. culinaris Iran
17 | P1472605 33-071-10792 Lens culinaris subsp. culinaris Iran
18 | P1472630 33-071-11104 Lens culinaris subsp. culinaris Iran
19 | P1 472620 33-071-11053 Lens culinaris subsp. culinaris Iran

20 | P1472580 33-071-10475 Lens culinaris subsp. culinaris Iran

21 | PI 577163 W6 8376 Lens culinaris subsp. culinaris Iraq

22 | PI1577162 W6 8375 Lens culinaris subsp. culinaris Iraq

23 | PI577161 W6 8374 Lens culinaris subsp. culinaris Iraq

24 | P1577160 W6 8372 Lens culinaris subsp. culinaris Iraq

25 | PI 577159 W6 8371 Lens culinaris subsp. culinaris Iraq

26 | P1612301 Jordan 3 Lens culinaris subsp. culinaris Jordan

27 | P1612302 Jordan 1 Lens culinaris subsp. culinaris Jordan

28 | P1612303 Jordan 2 Lens culinaris subsp. culinaris Jordan

29 | P1302398 ILL 486 Lens culinaris subsp. culinaris Jordan

30 | PI1 420926 11 Lens culinaris subsp. culinaris Jordan

31 | PI 300559 ILL 479 Lens culinaris subsp. culinaris Lebanon

32 | PI 300561 ILL 481 Lens culinaris subsp. culinaris Lebanon

33 | PI 300560 ILL 480 Lens culinaris subsp. culinaris Lebanon
34 | PI1432253 | RPIP 33-085-10610 | Lens culinaris subsp. culinaris Lebanon
35 | PI1 432251 | RPIP 33-085-10607 | Lens culinaris subsp. culinaris Lebanon
36 | PI 577147 2340 Lens culinaris subsp. culinaris Nepal
37 | P1 477290 - Lens culinaris subsp. culinaris Pakistan
38 | PI 606650 Spanish Brown Lens culinaris subsp. culinaris Spain
39 | PI 643449 HALA Lens culinaris subsp. culinaris Syria

40 | P1643450 RACHAYYA Lens culinaris subsp. culinaris Syria

41 | P1643448 KEF Lens culinaris subsp. culinaris Syria

42 | P1644221 TESHALE Lens culinaris subsp. culinaris Syria

43 | P1635040 OZBEK Lens culinaris subsp. culinaris Syria

44 | P1 176604 ILL 142 Lens culinaris subsp. culinaris Tiirkiye
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2.2. Buffers and reagents

The analysis was carried out in the Biotechnology lab., Department of Biology, Bolu Abant
[zzet Baysal University, Bolu, Tiirkiye. The chemicals used in the study were obtained from
Merck. with some modifications of Ghafoor et al. [31], the extraction buffer was arranged using
Tris-Hydrochloride 62.5 mM (pH 6.8), SDS 2%, Dithiothreitol (DTT) 10 mM, glycerol 10%,
and urea SM. To obtain seed flour of lentil and extraction of proteins, sterilized microcentrifuge
tubes were employed in the study.

2.3. Lentil protein extraction and SDS-PAGE analysis

Twenty seeds were selected for each genotype and bulked. Then, the seeds were grounded using
mortar and pestle, and 10 mg powder was weighed in 1.5 ml micro-centrifuge tubes. The
proteins were extracted from finely ground lentil seed flour (10 mg) using 400 pL extraction
buffer. Following complete mixing by vortex, the micro-centrifuge tubes were heated on a heat
block at 40°C for one hour. Following that, homogenates were vortexed for a brief period. The
mixtures were centrifuged at 13.000 rpm for 5 minutes. After the centrifuge process, soluble
proteins as supernatant were carried to new sterile micro-centrifuge tubes. Total protein
concentration was determined as described earlier [32]. Then, the tubes were stored at 4°C in
the fridge. The following day, 20 ng protein of each genotype was mixed with 2X bromophenol
blue loading dye and heated at 95 °C for five minutes. A total of 20 uL denatured protein was
loaded into the wells of the polyacrylamide-based discontinuous gel. SDS-PAGE was carried
out using the method previously reported by Laemmli [33]. SDS-PAGE was arranged with
4.5% stacking gel and 15% resolving gel. Using the P9DS electrophoresis apparatus (Thermo
Scientific, USA), the proteins were electrophoresed at 230 voltage for 4 hours at 4°C. The gels
were then stained using Bio-Safe Coomassie stain (Bio-Rad, Hercules, California, USA) in
accordance with the manufacturer's instructions.

2.4. Data analysis

The clear, strong, unambiguous bands were selected for analysis. We scored the strong, clear,
and unambiguous protein bands according to a binary system as the present (1) or absent (0). A
pairwise genetic distance (GDj) matrix between lentil genotypes was performed according to
Jaccard’s coefficient [34]. The UPGMA (Unweighted Pair-group Method with Arithmetic
Means) clustering analysis and PCoA (Principal Coordinate Analysis) were performed to
visualize the pattern of genetic diversity among the lentil genotypes. The UPGMA clustering
was constructed via the Jaccard coefficient among the lentil genotypes with Pop Gene v.1.32
software. According to Evanno et al. [35], the number of clusters was found using
STRUCTURE software. AMOVA (Analysis of molecular variance) was performed with the
vegan library Ver. 2.4.4 in R statistical software.

3. Results and Disscussion

Composed of acidic and basic subunits linked by disulfide bonds, 7S (vicilins and convicilins)
and 11S (legumins) globulins represent important storage proteins in lentil seeds [29,36]. The
amount of protein bands in the electropherogram was determined to range from 12 to 20 bands
in 44 lentil genotypes in SDS. The protein bands obtained from different genotypes were
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presented in Figure 1. Using R statistical software, a pairwise genetic distance (GD) matrix
among forty-four lentil genotypes was determined, and the maximum GD was found as 0.526
between Syria2 and Iraq3, while the mean GD was 0.216. AMOVA explored the existence of
higher genetic diversity within genotypes (83%) compared to among genotypes accounting
0.166% variations (Table 2). The STRUCTURE algorithm separated 44 lentil genotypes into
two groups (Figure 2 and Figure 3).

Figure 1. P9DS device used in the study, and some protein bands from different genotypes.

Table 2. Results for AMOVA among lentil genotypes from the different countries as grouped
by the clustering algorithm.

Source df |SS MS Estimated Variance |% Variation
Among Population |7 11.305 |1.615 0.166 17

Within Population |31 |24.952 |0.805 0.805 83

Total 38 [36.257 0.971 100

MS: Mean square, SS: Sum of squares, df: degrees of freedom,

Deltak = mean(|L"(K)|) / sd(L(K))

15r

10F

Delta K

ol /.
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K
Figure 2. Valued amount of K for the lentil genotypes structure analysis.
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The UPGMA clustering was carried out to reveal the pattern of differences among the 44 lentil
genotypes. Using the Jaccard genetic distance coefficient, the UPGMA tree was constructed
(Figure 4). The studied lentil genotypes were separated into two main clusters A and B. The
Cluster A was further grouped in to Al and A2 by clustering Syria2 and Syrial; Ethiopia5
genotypes, respectively. Cluster B was determined larger than A by clustering a total of 41 lentil
genotypes. The main group B cluster was further divided into B1 and B2 subgroups. Subgroup
B1 included Iranl, Pakistan and Tiirkiye lentil genotypes. Results of the UPGMA analysis and
principal coordinate analysis, all lentil genotypes were not separated on the basis of their
provenance. Interestingly, geographically near genotypes were found genetically distant. For
instance, the genotypes from Syrial and Ethiopia5 which are geographically located in different
regions were in group Al. On the other hand, subgroup B2 contained 38 lentil genotypes. The
PCoA was also conducted to confirm the results of structure and UPGMA analyses (Figure 5).
Results from the PCoA and Structure analyses were in full agreement with those obtained by
UPGMA.
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Figure 4. UPGMA clustering analysis of lentil genotypes.
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Figure 5. Principal coordinates analysis result of lentil genotypes.

Genetic resources showing the highest level of genetic distance are very important and should
be conserved and utilized for future breeding activities. The results of UPGMA, PCoA, and
STRUCTURE methods revealed a clear separation of all the lentil genotypes. Various studies
were previously performed to explore the genetic variation of different lentil germplasms. For
instance, using ISSR markers, Fikiru et al. [37] explored the genetic diversity and population
structure of 70 Ethiopian landraces. They reported the presence of higher (56.28%) with the
genotypes. In another study, Yiizbasioglu et al. [38] separated 14 lentil cultivars into two main
cluster groups using SDS-PAGE analysis. Toklu et al. [39] investigated genetic diversity using
molecular markers (AFLP, ISSR, combined AFLP/ISSR) data. They determined that Turkish
lentil landraces were separated into two main clusters. Kushwaha et al. [40] determined the
highest level of genetic distance in lentil germplasm as 0.027273 using SSR markers. Khazaei
et al. [13] used to characterize a total of 352 lentil genotypes with SNP markers and reported
that higher genetic variations in their studied material are due to differences within groups
(86%). Tahir and Omer [41] explored the genetic variations in lentil genotypes using RAPD
markers and morpho-agronomic traits. They reported the existence of higher variation (60%)
within lentil genotypes. Lombardi et al. [21], Khazaei et al. [13] and Dissanayake et al. [6]
found a weak correlation between clusters and geographical origins in lentil germplasm.
Throughout history, the Mediterranean region has been a junction of cultures. It is thought that
immigrants and traders played a significant role in the distribution of lentil resources. The
genetically different groups determined herein can be evaluated to develop parental lines to
initiate lentil breeding programs.

4. Conclusion

A high level of diversity was determined in a panel of 44 lentil genotypes obtained from
different countries using SDS-PAGE analysis. The findings have increased the knowledge of
the literature on the SDS-PAGE technique in lentil. The results might be useful for
breeders/researchers in various parts of the world who are interested in the lentil.
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Abstract

The increasing prevalence of antibiotic-resistant bacteria has emerged as a critical global public health issue,
necessitating the exploration of alternative measures to combat infectious diseases. Traditional medicinal plants
have been long recognized for their potential in providing natural compounds with antimicrobial properties for
various therapeutic purposes. The diverse plant biodiversity in Turkiye offers a promising potential for the
discovery of novel antimicrobial compounds. Therefore, this study aimed to investigate the antimicrobial
activities of extracts from several endemic and non-endemic plant species against various microorganisms. The
endemic species included Verbascum lydium Boiss. var. lydium Boiss. (stem), Euphorbia anacampseros Boiss.
var. tmolea M. S. Khan. (root), Stachys tmolea Boiss. subsp. tmolea (leaves and stem), Rosa pisiformis subsp.
pisiformis (Christ) D. Sosn. (fruit, petiole, root, leaves), while non-endemic species were represented by
cultivated Aronia melanocarpa (Michx.) Elliott (fruit). In this research, the effectiveness of V. lydium var.
lydium (stem), E. anacampseros var. tmolea (root), R. pisiformis subsp. pisiformis (all tested parts) and A.
melanocarpa (fruit) were demonstrated against Staphylococcus aureus and Escherichia coli. Methanolic
extracts of the roots and leaves of R. pisiformis subsp. pisiformis showed the most promising bioactivity with a
MIC value of 62.5 ug mL"' on Pseudomonas aeruginosa among all tested extracts. In addition, the results
showed that antimicrobial activities were observed for V. lydium; S. tmolea and R. pisiformis against Candida
parapsilosis, Candida glabrata and Klebsiella pneumoniae with MIC values of 31.5 ug mL™! per each. The
findings of this study could provide valuable information for future research into the use of Turkish plants for
pharmacological purposes, public health and traditional medicine applications.
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tmolea, antimicrobial.
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var. lydium Boiss., Euphorbia anacampseros Boiss. var. tmolea M.S. Khan., Rosa pisiformis subsp. pisiformis
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Tiirkiyede yetisen bazi bitki tiirlerinin antimikrobiyal etkilerinin degerlendirilmesi:
Verbascum lydium Boiss. var. lydium Boiss., Euphorbia anacampseros Boiss. var.
tmolea M..S. Khan., Rosa pisiformis subsp. pisiformis (Christ) D. Sosn., Stachys tmolea
Boiss. subsp. tmolea ve Aronia melanocarpa (Michx.) Elliott

Antibiyotiklere direncli bakterilerin yayginliginin artmasi sebebiyle, bulagici hastaliklarla miicadele etmek igin
alternatif yontemlerin arastirilmasi, halk saghigi agisindan kritik dneme sahip bir durum haline gelmistir.
Geleneksel tibbi bitkiler, gesitli terapotik amaglar i¢in kullanilabilecek dogal antimikrobiyal 6zelliklere sahip
bilesikler igermesi ile bilinmektedir. Tiirkiye'deki bitki g¢esitliligi, yeni antimikrobiyal bilesiklerin kesfi i¢in
umut verici bir potansiyel sunmaktadir. Bu aragtirma, bazi bitki tiirlerinin ekstrelerinin antimikrobiyal
aktivitelerini arastirmay1 amacglamistir. Endemik tiirler arasinda Verbascum lydium var. lydium Boiss. (sap),
Euphorbia anacampseros var. tmolea Boiss. (kok), Stachys tmolea Boiss. subsp. tmolea (yapraklar ve sap),
Rosa pisiformis subsp. pisiformis (Christ) D. Sosn. (meyve, sap, kok, yaprak) bulunurken, endemik olmayan tiir
Aronia melanocarpa (Michx.) Elliott (meyve) ile temsil edilmistir. V. lydium var. lydium, E. anacampseros var.
tmolea (kok), Rosa pisiformis subsp. pisiformis (test edilen tiim kisimlari) ve 4. melanocarpa (meyve)
orneklerinin antibakteriyel etkinlikleri Staphylococcus aureus ve Escherichia coli'ye kars1 gosterilmistir. Rosa
pisiformis'in kokleri ve yapraklarindan elde edilen metanolik ekstreler, tiim test edilen ekstreler arasinda
Pseudomonas aeruginosa iizerinde 62.5 pg mL™! MIC degeriyle en umut verici biyoaktiviteyi gdstermistir.
Ayrica, Verbascum lydium var. lydium; Stachys tmolea subsp. tmolea ve Rosa pisiformis subsp. pisiformis igin
Candida parapsilosis, Candida glabrata ve Klebsiella pneumoniae igin antimikrobiyal aktivitelerin gézlendigi
sonuglar, her biri igin 31.5 pg mL™! MIC degeriyle gosterilmistir. Bu ¢aligmanin bulgular, Tiirkiye bitkileri
iizerinde gelecekte yapilacak olan farmakolojik arastirmalar ile, halk saglig1 ve geleneksel tip uygulamalar1 igin
degerli bilgiler saglama potansiyeline sahiptir.

Anahtar Kelimeler: Verbascum lydium, Euphorbia anacampseros, Rosa pisiformis, Aronia melanocarpa,
Stachys tmolea, antimikrobiyal.
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1. Introduction

Antibiotics have been widely used as the main therapeutic agents against bacterial and
fungal infections since their discovery and were believed to lead to the eradication of infectious
diseases [1]. However, the overuse or misuse of antibiotics have resulted in the emergence and
spread of multi-drug resistant strains of various microorganisms, such as Escherichia coli,
Klebsiella pneumoniae, and Candida albicans causing an increase in the cost of medicines and
patient mortality. Consequently, the search for new antimicrobial agents has become
imperative, and attention has turned towards natural products as potential sources [2].

Many traditional medicinal plants have been used for centuries to treat infectious diseases, with
some plants having demonstrated remarkable efficacy in treating infections [3]. Researchers
have found that plants contain a wide variety of secondary metabolites such as tannins,
alkaloids, terpenoids, saponins and flavonoids, which exhibit in vitro antimicrobial properties
[4]. Numerous medicinal plants are used as phytotherapeutics for treating infectious diseases
due to their availability, fewer side effects, and reduced toxicity.

In this research a comprehensive screening of antimicrobial activity was performed for some
plants growing in Turkiye including Verbascum lydium Boiss. var. lydium Boiss., Euphorbia
anacampseros Boiss. var. tmolea M. S. Khan., Stachys tmolea Boiss. subsp. tmolea, Rosa
pisiformis subsp. pisiformis (Christ) D. Sosn., and Aronia melanocarpa (Michx.) Elliott.
Verbascum is a genus of flowering plants, in the family Scrophulariaceae, being represented
with approximately 360 species [5]. V. lydium var. lydium, is a subspecies of the V. lydium
being endemic to Turkiye. In traditional medicine, various parts of the plants belonging to
Verbascum genus have been used to treat various ailments [6]. For instance, the leaves and
flowers have been used to relieve coughs, sore throat, and bronchitis [7]. The plant has also
been used to treat ear infections and hemorrhoids. In addition, the seeds of the plant have been
used to treat skin diseases [8]. The flowers of V. lydium var. lydium are edible and mainly
consumed by children [9]. However studies on V. lydium var. lydium is quite limited. Although
morphological and taxonomic studies have been conducted on this species, no study evaluating
its antimicrobial effect has been found.

E. anacampseros var. anacampseros is an endemic plant of Turkiye belonging to the family
Euphorbiaceae. This family is represented by approximately 240 genera and 6000 species
worldwide. Euphorbia L. is the most well-known genus of the family and represented by
approximately 2150 taxa worldwide, including 120 taxa in Turkiye, 18 of which are endemic
to Turkiye. Studies on the bioactivity of E. anacampseros var. anacampseros are very limited,
with more emphasis on botanical, morphological, and taxonomic studies [10,11]. Some
phytochemical analysis was performed on the plant. According to the literature, the Fourier-
transform infrared (FTIR) spectroscopic data obtained from E. anacampseros indicated the
presence of hydrocarbons, particularly terpenoids, alkanes, and olefin structures, in the plant's
composition. The efficacy of extracts with different polarities obtained from a plant against
Mycobacterium tuberculosis has been investigated [12]. Research on bioactivity and medicinal
properties of this endemic plant is very limited.

S. tmolea subsp. tmolea is a perennial herbaceous plant belonging to the Lamiaceae family,
which is widely distributed in the Mediterranean region. The genus Stachys comprises over 300
species, and is known for its diverse medicinal and culinary uses. S. tmolea subsp. tmolea has
a great importance for Turkiye being an endemic plant for this region. In traditional medicine,
Stachys species has been used as a natural remedy for various ailments such as digestive
problems, respiratory tract infections, and skin disorders [13]. The plant is also known for its
antimicrobial, anti-inflammatory, and antioxidant properties.

In addition to its traditional use, S. tmolea subsp. tmolea has been the subject of scientific
research due to its potential therapeutic benefits. Studies have shown that the plant contains
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various bioactive compounds such as flavonoids, phenolic acids, and terpenes, which are
responsible for its medicinal properties [14]. It has been reported that the ethanol extract of S.
tmolea leaves exhibited strong effects against S. aureus, a Gram-positive strain [15]. In another
research, plants were collected from the Kiitahya-Eskisehir region and aerial parts were
extracted using methanol and water. These extracts were analysed to determine phenolic
constituents and antioxidant activities were evaluated [14].

R. pisiformis subsp. psiformis (Christ) D. Sosn. is a shrub species belonging to the family
Rosaceae, which is widely distributed in the eastern Mediterranean region, including Turkiye,
Lebanon, and Syria. In recent years, the genus has gained attention from researchers due to its
potential pharmacological activities, particularly its antioxidant, antimicrobial, and anti-
inflammatory properties [16]. Despite being a relatively unknown species, R. pisiformis has
been traditionally used in local medicine for the treatment of various ailments, including
gastrointestinal disorders, hemorrhoides and diabetes [17]. Ercisli et al., investigated the fatty
acid composition of the seeds of the plant [18]. Also total phenolic content, ascorbic acid, total
soluble solids, total dry weight, total fat, fatty acids, pH, acidity, moisture, fruit color and
macro- and micro-element profiles were investigated in the fruits of R. pisiformis comparatively
with some other Rosa species [19]. Yilmaz and Ercisli reported antimicrobial activity of fruits
of R. pisiformis which was collected from the Eastern Anatolia region in Turkiye [20]. Further
studies are required to fully understand the pharmacological potential of R. pisiformis subsp,
pisiformis and its possible applications in modern medicine.

The present study aimed to investigate the antibacterial and antifungal activity of the extracts
of endemic species Verbascum lydium Boiss. var. Lydium (stem), Euphorbia anacampseros
Boiss. var. tmolea M.S. Khan (root), Stachys tmolea Boiss. subsp. tmolea (leaves and stem),
Rosa pisiformis subsp. pisiformis (Christ) D. Sosn. (fruit, petiole, root, leaves) and a non-
endemic species Aronia melanocarpa (Michx.) Elliott (fruit) against various microorganisms:
E. coli, Klebsiella pneumoniae, Staphylococcus aureus, Acetobacter baumannii, Pseudomonas
aeruginosa, Candida albicans, Candida parapsilosis and Candida glabrata.

This study highlights the importance of screening plants for their antibacterial and antimycotic
activities. The exploration of natural products could offer a promising and sustainable approach
towards the development of novel drugs. Further studies are required to determine the active
compounds responsible for the observed antimicrobial activity, and to elucidate their
mechanisms of action. Ultimately, the discovery of new antimicrobial agents from natural
sources could have a significant impact on public health and the global fight against infectious
diseases.

2. Material and Methods

2.1 Plant material

The plant materials were carefully examined to ensure their accurate identification, including
their anatomical structures and physical features. The names of the species, local names,
collection dates, locations, and herbarium codes are all listed in Table 1. The identification of
plant species and taxa was conducted by Prof. Dr. Hatice Demiray from Ege University, [zmir,
Turkiye.
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Table 1. Botanical and Depositional Characteristics of Tested Plant Species

Extract Botanical Name of plant Part Collection Location Herbarium

Code used date Code

1 Verbascum lydium Boiss. var. Stem 07/2017 Odemis- 25095
lydium Boiss. izmir

2 Euphorbia anacampseros Boiss. Root 07/2017 Odemis- 42191
var. tmolea M.S. Khan [zmir

3 Stachys tmolea Boiss. subsp. Leaves 07/2019 Odemis- 19578

4 tmolea Stem [zmir

5 Rosa pisiformis subsp. psiformis  Fruit 08/2020 Akgcakale- 44010

6 (Christ) D. Sosn. Stem Glimiighane

7 Root

8 Leaves

9 Aronia melanocarpa (Michx.) Fruit 09/2022 Biiyiikgekme 220901
Elliott ce-Istanbul

Fruits of A. melanocarpa (Michx.) Elliott (commonly known as chokeberries) were collected
from a producer's field, in the Kamiloba region in Biiyiikgekmece, Istanbul during the flowering
season. These fruits were cultivated and deposited at the Istanbul University-Cerrahpasa,
Faculty of Pharmacy Herbarium, with a voucher number of 220901.

The other plants tested in this study were R. pisiformis subsp. psiformis samples collected from
Akgakale district of Glimiishane province (Eastern Black Sea Region, Turkiye); V. lydium var.
lydium, E. anacampseros var. tmolea and S. tmolea subsp. tmolea collected from Odemis-
Bozdag/izmir and voucher specimens deposited at Ege University Herbarium Center in Izmir,
Turkiye, as listed in Table 1. After collection, these plants were air-dried, ground into a fine
powder, and stored in light-proof glass bottles at room temperature until extraction step.

1.2 Preparation of Herbal Extracts

Extract code 1-8: Powdered samples were macerated with methanol (10g/100mL; Fisher
Scientific, analytical grade) using an ultrasonic bath for 30 minutes. Extractions were performed
triplicate and then collected. The crude extracts were obtained by evaporating the organic
solvents in vacuum (Heidolph Laborata, Germany).

Extract code 9: The fruits of A. melanocarpa were homogenized and centrifuged 3000 rpm for
3 min. Supernatant was freeze dried and stored at -20 °C until experiment.

2.3 Antimicrobial Bioactivity Test
The microbroth dilution method was utilized to determine the minimum inhibitory
concentration (MIC) values of the extracts in antimicrobial activity studies following the
Clinical and Laboratory Standards Institute M27-A and M27-A3 documents against E. coli
(ATCC 25922), P. aeruginosa (ATCC 27853), S. aureus (ATCC 29213), A. baumannii (ATCC
02026), C. albicans (ATCC 14053), C. parapsilosis (ATCC 22019), and C. glabrata (ATCC
15126) [21,22]. Stock solutions of the plant extracts were prepared at 1000 pg mL-!. Density of
the cells was adjusted to Mc Farland 0.5 in sterilized saline solution. Two-fold dilutions were
prepared in 100 pL of Mueller-Hinton broth (Sigma-Aldrich, St. Louis, MO) and RPMI 1640
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medium (Sigma-Aldrich, St. Louis, MO) for 18 hours for bacteria and yeasts. Then, 10 pL
microorganisms suspensions were added for each species. The MIC values were determined
visually and by spectrophotometric evaluation at 450 nm after 18 hours incubation at 37 °C.
The ciprofloxacin and the fluconazole were used as reference drugs.

3. Results and Disscussion

Antimicrobial activities of nine herbal extracts (single or combine) were evaluated against E.
coli, P. aeruginosa, S. aureus, A. baumannii, C. albicans, C. parapsilosis and C. glabrata
(Table 1). In this study, the effectiveness of V. lydium var. lydium, E. anacampseros var. tmolea,
R. pisiformis subsp. pisiformis and A. melanocarpa (fruits) were demonstrated against S. aureus
and E. coli at a concentration of 62.5 ug mL™! when used individually. However, S. tmolea
subsp. tmolea did not exhibit any antimicrobial activity on these two species up to 125 pg mL-
!. Methanolic extracts of the roots and leaves of R. pisiformis (roots and leaves) showed the
most promising bioactivity with a MIC value of 62.5 ug mL! on P. aeruginosa among all tested
extracts (Table 2).

Table 2. Antimicrobial activities of herbal extracts collected from Turkiye. MICs are given in ug
mL-1,

Extract No Sa Ec Pa Ab Kp Ca Cp Cg

1 62.5 62.5 125 62.5 31.25 31.25 31.25 31.25

2 62.5 62.5 125 62.5 62.5 62.5 31.25 31.25

3 125 125 125 62.5 31.25 62.5 31.25 31.25

4 125 125 125 62.5 62.5 62.5 31.25 31.25

5 62.5 62.5 125 62.5 31.25 62.5 31.25 31.25

6 62.5 62.5 125 62.5 31.25 62.5 31.25 31.25

7 62.5 62.5 62.5 62.5 31.25 62.5 31.25 31.25

8 62.5 62.5 62.5 62.5 31.25 62.5 31.25 31.25
9 62.5 62.5 125 125 62.5 62.5 500 Nt
C*(5+9) 250 125 Nt Nt Nt 125 Nt Nt
C*(1+2) 250 125 Nt Nt Nt 62.5 Nt Nt
Ciprofloxacin 3.90 3.90 7.81 3.90 3.90 - - -
Fluconazole - - - - - 1.95 3.90 7.81

1, Verbascum lydium var. lydium (stem); 2, Euphorbia anacampseros var. tmolea (stem); 3,4, Stachys tmolea
subsp. tmolea (leaves and stem); 5-8, Rosa pisiformis subsp. pisiformis (fruit, petiole, root, leaves); 9, Aronia
melanocarpa (fruit). Ec, Escherichia coli; Pa, Pseudomonas aeruginosa; Sa, Staphylococcus aureus; Ab,
Acetobacter baumannii; Ca, Candida albicans; Cp, C. parapsilosis; Cg, C. glabrata. Nt: not tested; C*:

combination formulations. Tested concentration range: 500 — 0.48 pg/mL.

All single extract treatments exhibited similar antibacterial effects at 62.5 pug mL!
concentration against 4. baumannii except for A. melanocarpa fruit juice for which MIC was
calculated as 125 pg mL!. Striking bioactivities were observed for V. lydium var. lydium, S.
tmolea subsp. tmolea. and R. pisiformis subsp. psiformis (with MIC value of 31.5 ug mL! per
each) against C. parapsilosis, C. glabrata and K. penemanue.

The combination prepared using E. anacampseros var. tmolea roots with V. lydium var. lydium
Stems displayed superior antimycotic activity on C. albicans compared to DMSO, the solvent
control. Also, all extracts except for fruit juice of 4. melanocarpa inhibited Acetobacter sp.
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compared to DMSO. Methanol extract of V. lydium var. lydium stems was the most prominent
preparation against C. albicans while only V. lydium var. lydium stem extract and Rosa
pisiformis leaf extracts showed antimycotic activity against C. parapsilosis.

To our knowledge this is the first report on the antimicrobial acitivity evaluations of endemic
species tested in this study. However, antibacterial effects of 4. melanocarpa extracts against S.
aureus, E. coli and B. subtilis were reported in the literautre [23,24]. Tanagardi investigated
differential effects of commercial, liquid and dry extracts of A. melanocarpa on various
microbial strains such as Saccharomyces cerevisiae, S. aureus, E. coli O157:H7, and
Salmonella typhimurium [24]. Notably, the results demonstrated that the liquid and dry extracts
of A. melanocarpa exhibited distinct effects on Gram (+) bacteria, Gram (-) bacteria, and the S.
cerevisiae yeast strain. The antifungal activity of the liquid and dry extracts at a concentration
of 180 pg/mL against S. cerevisiae resulted in a remarkable 99% reduction in fungal growth.
Furthermore, the liquid extract showed significant antibacterial activity at a concentration of
180 pg/mL against E. coli, leading to a 99% reduction in bacterial population. In the case of S.
typhimurium, the liquid extract at a concentration of 180 pg/mL exhibited a 100% inhibition of
bacterial growth, while the dry extract did not display significant antibacterial effects. The
evaluation of S. aureus bacterial strains further highlighted the differential antibacterial
activities of the liquid and dry extracts at varying concentrations, with the liquid extract at 180
pg/mL and 90 pg/mL concentrations resulting in 100% and 99.9% bacterial reduction,
respectively. The dry extract also demonstrated strong antibacterial effects, with a 99.9%
inhibition of bacterial growth at a concentration of 180 pg/mL. These findings align with the
result obtained in our study, where the MIC of 4. melanocarpa was 62.5 pg/mL against both S.
aureus and E. coli.

4. Conclusion

In conclusion, this study has shed light on the bioactivities of some valuable plant species in
Turkiye. This provides significant contributions towards the evaluation of plants growing in
Turkiye for pharmaceutical approaches, public health, traditional medicine applications, and
pharmacological purposes.

Based on the findings, significant bioactivities were observed for V. lydium var. lydium, S.
tmolea subsp. tmolea, and R. pisiformis subsp. psiformis (each with a MIC value of 31.5 ng
mL-1) against C. parapsilosis, C. glabrata, and K. penemanue. This highlights the research
value of these plants which are growing in Turkiye, emphasising their potential in exhibiting
antimicrobial activity. 4. melanocarpa also displayed antibacterial and antifungal activities
consistent with finding in the literature. The obtained findings involve preliminary evaluations
of tested plant species in relation to their antimicrobial potential against diverse bacterial and
fungal strains. However, further research is needed to understand the mechanism of
antimicrobial action of these plant extracts. The information obtained from this study serves as
a starting point for future investigations, which can aid in the discovery of new drug leads and
the development of novel therapeutics.
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Abstract

This study was conducted to reveal the relationship between the number of clusters and primary buds size in
dormant grapevine winter buds. In addition, it has been tried to determine how the size of the primary bud and
the cluster primordials in it change according to the position on one-year-old shoots. In this study, Vitis vinifera
L. cv. ‘Karaerik’ and Vitis labrusca L. cv. 'Ulkemiz' varieties was used. Primary buds are separated from other
shoot beds (secondary and tertiary buds) with scalpel, fixation, vacuuming, paraffin impregnation, paraffin
embedding, freezing, sectioning and tissue staining were performed, respectively. The stained samples were
examined microscopically, images were taken and these images were transferred to the computer and
histological analyzes was made. In the study, it was determined that bud sizes including three clusters were
statistically different (p < 0.05) from other bud sizes (without clusters, one cluster and two clusters of buds). It
was determined that there were statistical differences between cultivars in terms of both bud size and the number
of cluster. In addition, it was determined that the middle (0.77) buds of the ‘Karaerik’ variety contained more
clusters than the basal (0.66) and apical (0.59) buds, whereas the apical (1.19) buds of ‘Ulkemiz’ variety
contained more clusters than the basal (0.88) and middle (0.98) buds. It is very important to know the structural
features of the buds in order to make the right pruning application suitable for the variety.

Keywords: Bud histology, grapevine, primary bud, cluster number

Asmalarda Salkim Sayisi ile Primer Tomurcuk Biiyiikliigii Arasindaki Iliskinin

Histolojik Kesit Alma Yontemiyle Belirlenmesi

Oz

Bu c¢alisma dormant haldeki asma kis gozii igerisindeki primer tomurcuklarin biiyiikliigii ve salkim sayilar
arasindaki iliskiyi agiklamak i¢in yapilmustir. Ayrica primer tomurcuk biiyiikliigli ve salkim taslaklarinin bir
yasli siirgiin iizerindeki pozisyonlaria gore nasil degistigi belirlenmeye ¢alisilmistir. Calismada Vitis vinifera
L. cv. ‘Karaerik’ ve Vitis labrusca L. cv. "Ulkemiz' gesitleri kullanilmistir. Primer tomurcuklar diger siirgiin
yataklarindan (sekonder ve tersiyer tomurcuklar) bir bistiiri yardimi ile ayrilarak sirasiyla fiksasyon,
vakumlama, parafin emdirme, parafine gomme, dondurma, kesit alma ve doku boyama islemleri yapilmistir.
Boyanmig 6rnekler mikroskobik olarak incelenip goriintiileri alinmis ve bu goriintiiler bilgisayara aktarilarak
histolojik incelemeler yapilmigtir. Caligmada, ii¢ salkim i¢eren tomurcuk boyutlarmin diger tomurcuklardan
(salkimsiz, bir salkimli ve iki salkimlr) istatistiksel olarak farkli oldugu (p < 0.05) belirlenmistir. Cesitler
arasinda hem tomurcuk biiyiikliigii hem de salkim sayis1 bakimindan istatistiksel olarak farkliliklar oldugu
belirlenmistir. Ayrica Karaerik iziim ¢esidinin orta (0.77) tomurcuklarinin dip (0.66) ve ug (0.59) tomurcuklara
gore daha fazla salkim igerdigi, Ulkemiz iiziim gesidinin ise ug (1.19) tomurcuklarmin dip (0.88) ve orta (0.98)
tomurcuklara gore daha fazla salkim igerdigi belirlenmistir. Ceside uygun dogru budama uygulamasinin
yapilabilmesi i¢in, tomurcuklarin yapisal 6zelliklerinin bilinmesi olduk¢a dnemlidir.

Anahtar Kelimeler: Tomurcuk histolojisi, asma, primer tomurcuk, salkim say1s1
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1. Introduction

Horticultural crops include a diverse array of crops comprising fruits, grapes, vegetables, nuts,
flowers, aromatic and medicinal plants. They provide nutritional, medicinal, and aesthetic
benefits to mankind for centuries [1-5]. They are genetically very diverse group and including
cultivars, accessions, genotypes, types etc. [6-10].

Grapevine dormant buds are quite complex due to their anatomical and morphological structure
[11, 12]. Dormant buds various shapes and appearances, but they are generally large and
angular [13]. They contain leaf scales, shoots and clusters and take their final shape in autumn
[14]. Dormant buds on the shoots are closely related to the yield of vine [15, 16]. Dormant
buds occur in leaf apical on summer shoots. The dormant buds that complete their development
in the spring and spend the winter resting usually consist of more than one bud [17]. These are
called the primary, secondary and tertiary buds. The primary bud is the main fruiting bud for
the following year [18].

One of the shoot apical is in the middle and the other two are on the sides. The scales of the
middle shoot apical (primary buds) are larger and the organs are better developed. With the
beginning of the vegetation period, the shoot apical in the middle develops and forms the
summer shoot. In the shoot apical called the secondary bud, the organs are weaker than the
primary buds and in some cases they may form clusters. The growth cone, which is called the
tertiary bud and located on the upper part of the middle shoot apical, is more primitive than the
other two shoot axillaries and does not contain clusters. The growth of the dormant buds
(shooting) is seen in March-April in temperate climates and usually as the growth of the primary
bud, which is the apical middle shoot that has completed its development [16, 18]. If this
primary bud is damaged due to late spring frosts, diseases and pests or mechanical impacts, the
secondary bud development, and if secondary bud is damaged, the tertiary bud it begins to
develop. However, the most important bud in terms of grape yield in viticulture is the primary
buds [19, 20]. In the grapevine, 0-4 cluster primordium can occur in the primary buds. Many
studies have shown that the total number of clusters in a shoot apical varies according to the
age of the grapevine, the nutritional status, genetic structure and the position of the dormant
buds on a year old shoot [21-23].

It is stated that the number of cluster is high in the basal and middle buds in the seeded varieties
and in the apical buds in the seedless varieties. In addition, it has been observed that the number
of cluster in the middle node is higher than the other nodes in most of the table grape varieties
[18, 24]. Bud productivity for grapes is closely related to the growth, development and
performance of the vine during the vegetation period one year ago. The main purpose of this
study is to reveal the relationship between the size of the primary buds and their productivity.
In addition, it has been tried to determine how the size of the primary bud and the cluster
primordiums in it change according to the position on a year old shoot. In this study conducted
on two grape cultivars, (Vitis vinifera L. cv. ‘Karaerik’ and Vitis labrusca L. cv. 'Ulkemiz') the
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size of the primary buds and the number of cluster primordiums within the buds were
determined by histological examinations. By determining the cluster primordium in the primary
buds, it will be possible to make an accurate yield estimation in the early period in the vineyards.
Depending on the relationship between the structure of the primary buds and their productivity,
the traditional pruning method may need to be updated.

2. Materials and Methods

It is known that there are structural differences between grapevine specie, varieties and cultivars
[25-28]. In the study, two different cultivars with high economic value, which differ in terms
of genetic, morphological, physiological characteristics and adaptability, were preferred.
Samples of the ‘Karaerik’ grape cultivar of V. vinifera with large berries consumed for table
(fresh) are taken from within the borders of Uziimlii District of Erzincan Province. In Erzincan,
a 25-year-old vineyard at 1190 m altitude in Baran trained system was used. Examples of
genotype ‘Ulkemiz’ belonging to V. labrusca specie, which stands out with its resistance to
high humidity and low temperatures [29-31]. It was obtained from Samsun Ondokuz Mayis
University. ‘Ulkemiz’ grape cultivar were formed with a wired training system at 195 m
altitude, shaped like a cord, and were obtained from 15 aged vineyards.

During the winter of 2016-2017 samples taken from Erzincan and from Samsun were
transported to the laboratory in polyethylene protection bags for histological testing. In the
study carried out on two different cultivars, dormant buds in three different positions (basal
nodes, middle nodes and apical nodes) were examined. The study was planned as three
repetitions for each position and three samples for each repetition. In the study, 1st, 2nd and 3rd
nodes are considered basal buds, 4th, 5th and 6th nodes are considered as middle buds, and 7th,
8th and 9th nodes are considered as apical buds. Efficiency values in different buds in grapevine
can be determined using different methods such as binocular microscopy, sectioning from
dormant buds with microtome, shooting test, counting the somacs by forcing single-bud
cuttings, or determining the somacs on the long pruned annual shoots [32, 33]. In this study, we
used the microtome sectioning method for histalogical examination.

2.1. Histological studies

Since the number of cluster primordiums in the buds changes according to the position of
dormant buds on one year old shoot [15, 34], primary buds were taken from different positions.
Histological examination of the cluster primordiums on the primary buds was made according
to Odabas [15] (Figure 1).
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Figure 1. Cross-sectional view of the primary bud (original).

Primary buds separated from secondary and tertiary buds in the dormant buds with the help of
a scalpel were placed in separate bottles. In order to soften the primary bud tissue, 2 mL of
fixation liquid consisting of 5 mL formaldehyde, 5 mL glacial acetic acid, 90 mL 70% alcohol
was added on each sample and placed in the desiccator and vacuuming was performed at certain
intervals. According to Odabas (1976) samples was kept in a solution consisting of 50 mL of
water + 40 mL of ethyl alcohol (95%) + 10 mL of tertiary butyl alcohol for two hours. After
the fixation process was completed, paraffin was added to completely cover the samples taken
into the empty bottles, and paraffin impregnation was performed by keeping them in the oven
at 60 °C for 24 hours. Samples removed from the oven at the end of 24 hours (through liquid
paraffin) were embedded in paraffin. The paraffin blocks in which the samples are embedded
were kept in the freezer at -20 °C for 24 hours. Samples taken out of the freezer are stored at
room temperature (22-24 °C) for 5 minutes. After waiting for a period of time, longitudinal
sections were taken with the help of a rotary microtome in thicknesses varying between 8-12
microns depending on the fragmentation of the tissues. Since the buds are at different depths in
the buds, care has been taken to take sections from different depths. The sections taken were
laid in a gelatin-poured hot water bath (30 °C).

Intact tissues were selected, placed on a slide and labeled. The samples taken on the slide were

heat treated in the oven at 60-70 °C for 1 h, and then the paraffin on them was melted. To
remove the melted paraffin from the tissue in the samples taken from the oven, it was kept in
xylol, ethyl alcohol and distilled water for 5 minutes, respectively.

After waiting for the water on the slide to dry, a drop of Toluidine blue was dropped on each
section sample and after waiting for 5 minutes, the sections were washed with water and
allowed to dry. The coverslip was adhered by dropping 1 drop-holding gel on each of the dried
sections and the sections were conduct ready for examination under a light microscope.
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Figure 2. Method of determining the position, width and length of buds in histological
observations (pr: primary bud, sc: secondary bud, tr: tertiary bud).

Histological examinations, computer transferred to be imaged with the help of a camera
(moticam 480) integrated into the microscope. With the help of the program installed on the
computer (motic images 2010), the examinations of the tissues were made. To make
examinations, the number of cluster primordial in the primary bud and the size of the buds
(width x height). Firstly bud width and length were measured and by using these two values is
expressed as the size of the bud in mm?. While observing the bud and its size, attention has
been paid to make these measurements from the widest points of the buds (Figure 2).

2.2. Statistical Analysis

Duncan test was conducted to reveal the relationship between the size and productivity of
primary buds in dormant buds. In the study, the number of clusters was divided into four
different groups as buds with no cluster and one, two and three clusters in the bud, and whether
there was a difference between the sizes of these buds was determined on a variety basis. In
addition, the change of bud size and cluster number according to the positions of the genotypes
was demonstrated by [35]. In the study, each group was planned to have three repetitions and
20 samples per repetition.

3. Results and Discussion

Many different studies have been carried out to determine the productivity of grape varieties.
While determining the productivity of grapevines, methods of maintaining in the greenhouse,
maintaining in the vineyard and examining under microscope conditions are applied [36-39].
In this study, these cross-section images were examined under a binocular microscope after the
primary buds were sectioned on the microtome.

The Duncan test results, that revealed the relationship between the size of the primary buds and
their productivity (number of clusters) in dormant buds is presented in Table 1. when the
genotypes are evaluated together, it was determined that there is a statistically significant
difference (p < 0.05) between the size of the buds that include three clusters and include two
clusters, one cluster or without clusters. When Table 1 is examined, it is understood that the
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buds without clusters are the smallest, while the buds with three clusters have the largest
structure.

It was determined that there is a statistically significant difference (p < 0.05) between genotypes
in terms of the size of the primary buds. In the ‘Karaerik’ grape variety, the buds containing
two and three clusters were placed statistically in the same group (p > 0.05) and they were
differed from the buds without clusters and one cluster in terms of bud size. ‘Karaerik’ grape
variety, it has been determined that there are buds without clusters, buds with one cluster, buds
with two clusters and buds with three clusters in order from the smallest to the largest in terms
of the size of the buds. It was determined that there is a statistically significant difference (p
<0.05) between the buds with three clusters in the ‘Ulkemiz’ grape variety and the buds without
clusters, one cluster and two clusters. Similar to the ‘Ulkemiz’ grape variety, it was determined
that there are buds without clusters, buds with one cluster, buds with two clusters and buds with
three clusters in order from the smallest to the largest in bud size (Table 1).

Table 1. The number of clusters and bud size in the grape varieties.

Cluster Number Primary bud size (mm?)

General Mean

‘Karaerik’ “Ulkemiz’
% * sksksk
Without cluster 0.065+0.028 ® 0.073+0.031° 0.069+0.029 B
One cluster 0.070+0.028 ® 0.078+0.030 ® 0.074+0.029 B
Two clusters 0.078+0.028 2 0.084+0.037 ® 0.081+0.034 B
Three clusters 0.095+0.014 @ 0.114+0.034 @ 0.105+0.026 A

a, b: Mean values of cultivars with different superscripts are significantly different;
A, B: General mean values with different superscripts are significantly different;
*: p<0.05, ***: p <0.001

The Duncan Test, which was made to determine whether the number of clusters changes
according to the position of the primary buds in dormant buds, is presented in Table 2. When
the genotypes were evaluated together, no statistically significant difference was found between
the basal, middle and apical buds in terms of cluster number. It was determined that there is a
statistically significant (p < 0.05) difference between the genotypes in terms of the number of
clusters according to the position. The average number of clusters per bud in the ‘Ulkemiz’
grape variety is higher than the ‘Karaerik’ grape variety.

In ‘Karaerik’ grape variety, it was determined that the basal and middle buds are statistically in
the same group in terms of the number of clusters and they are differed from the apical buds. It
was determined that the highest number of clusters in the ‘Karaerik’ grape variety was in the
middle buds and the least number of clusters in the apical buds. In the ‘Ulkemiz’ grape variety,
it was determined that the apical buds and middle buds were statistically in the same group in
terms of the number of clusters and they were different from the basal buds. It was revealed
that in the ‘Ulkemiz’ grape variety, the highest number of clusters was in the apical buds and
the least number of clusters was in the basal buds.
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Table 2. The position of the primary buds and the number of clusters in grape varieties

Position Cluster number“s General Mean
‘Karaerik’ ‘Ulkemiz’
* % ns
Basal buds 0.660+0. 668 = 0.876+0.804 ° 0.823+0.761
Middle buds 0.765+0.720 * 0.981 +£0.759 @ 0.848+0.742
Apical buds 0.588+0.698 ° 1.192+0.768 # 0.893+0.791

a, b: Mean values of cultivars with different superscripts are significantly different;
ns: non-significant, *: p <0.05

In order to determine whether there is a relationship between the position of primary buds and
their size in dormant buds, Duncan test was conducted in Table 3. When the genotypes were
evaluated together, it was determined that the primary buds in the apical buds were statistically
different from the primary buds in the basal and middle buds in terms of bud size. It was
understood that the largest primary bud in terms of bud size was in the middle buds and the
smallest primary bud in the basal buds. It was determined that there is a statistically significant
difference between the genotypes in terms of the size of the primary buds. When Table 3 is
examined, it has been determined that the primary buds of the ‘Ulkemiz’ grape variety are larger
than the primary buds of the ‘Karaerik’ grape variety.

Table 3. The position and size of the primary buds in grape varieties

s Primary bud size
Position ¥ . General Mean
‘Karaerik’ ‘Ulkemiz’
kok skekk ksksk
Basal buds 0.062+0.021® 0.080+0.027 2 0.071+0.026 A
Middle buds 0.073+£0.031 2 0.083+0.036 2 0.078+0.034 A
Apical buds 0.059+0.020 ® 0.061+£0.016° 0.060+0.018 B

a, b: Mean values of cultivars with different superscripts are significantly different;
A, B: General mean values with different superscripts are significantly different;
**: p <0.01, ¥***: p<0.05

It was determined that the bud size of ‘Karaerik’ grape variety at the middle buds was
statistically different from basal and apical buds. It has been revealed that the largest primary
buds in the ‘Karaerik’ grape variety are in the middle buds and the smallest primary buds are
in the apical buds. In the ‘Ulkemiz’ grape variety, it was determined that the bud size in apical
buds was statistically different from the basal and middle buds. In the ‘Ulkemiz’ grape variety,
it was determined that the largest buds were in the middle buds and the smallest buds in the
apical buds, as in the ‘Karaerik’ grape variety.
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The results showed relationship between the bud size and dormant bud productivity on the
genotype of ‘Karaerik® grape variety (V. vinifera) and ‘Ulkemiz’ (V. labrusca). [40], also stated
that the growth power is one of the most important factors affecting the cluster and flower
formation. The results also clearly indicated that the buds included 3 clusters were different
than buds include one cluster, two clusters or without cluster. In terms of size of primer buds,
there were statistically differences among genotypes. The biggest and the smallest buds were
obtained from buds included 3 clusters and buds without cluster in both genotypes, respectively.
[41], reported that very strong growth reduced bud productivity in grapevine. In general, it is
known that the yield of one year later is negatively affected when the vegetative and generative
development of the grapevine is not in balance [42]. [17], stated that very strong vegetative
growth delay the formation of cluster primordium in dormant buds and decrease the number of
clusters / bud ratio, and the growth power is one of the most important factors affecting the
cluster and flower formation in grapevine. On the other hand, [43] reported that the relationship
between shoot diameter and cluster number/bud was statistically insignificant in Kalecik Karasi
variety. In addition, [44] stated that one of the factors that show the strength of shoot
development is the carbohydrate level in the bud tissues differ according to varieties, climatic
conditions and cultural practices. There was no study that directly correlated the bud size with
the number of cluster primordiums.

Since the grape yield obtained from the vineyards can vary depending on the position of the
dormant buds on the 1-year-old shoot, it is of great importance to be able to determine the
dormant bud productivity in different positions (node) [33, 45]. It was determined that the
number of clusters was high in the middle buds of the ‘Karaerik’ grape variety and in the middle
and apical buds in the ‘Ulkemiz’ grape variety. There is a statistically significant (p < 0.05)
difference between the genotypes in terms of the number of clusters according to the position,
and the average number of clusters per bud in the ‘Ulkemiz’ grape variety is higher than the
‘Karaerik’ grape variety. As a matter of fact, [24] investigated the maximum productivity of
the buds in five different wine grape varieties and found that the maximum productivity was
obtained at 4th, 5th and 6th buds in the Hasandede grape variety, the 5th and 6th buds in the
Papazkarasi grape variety, the 1st and the 7th in the Kalecik grape variety, 6th buds in the
Okiizgdzii grape variety and 5th buds in the Furmint grape variety, respectively. In addition,
[23] in their study, in which they determined the productivity of 37 grape varieties grown in
Tokat region according to the positions of the first 10 internodes, reported that the maximum
productivity varied between the 3rd and 10th nodes, and the first nodes were inefficient in some
varieties. [17], stated that the number of buds and clusters in an bud varies according to the
position of the buds, and although it varies according to the varieties, generally, the buds at the
base and apical buds contain less buds than the middle part. The results obtained in terms of the
average number of clusters per dormant buds are similar to the findings of some researchers
regarding the differences between grape varieties [16, 22, 24]. Considering the averages
obtained, the difference seen in the primary bud productivity values on the 1-year old shoot on
the basis of genotypes, mainly affected by genetic structure, yearly cultivation treatments,
number of buds left in pruning, training method and climate factors, etc.
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It was determined that the highest number of clusters in the ‘Karaerik grape variety was in the
middle buds and the least number of clusters in the apical buds. Because, in a study conducted
on grape varieties known to be suitable for short pruning, the productivity values in the dormant
buds were found higher in the second buds of Hamburg Muscat and Balbal grape varieties; In
Hafizali, Razaki and Cavus grape varieties, it is 3rd-4th buds [46]. [32], determined that table
grape varieties such as Ata Sarisi and Cardinal should be pruned short over 2 buds, Yalova
Incisi, Amasya and Italia grape varieties should be pruned short over 2-3 buds, and Uslu grape
varieties should be pruned in medium length over 3-5 buds. It was revealed that in the ‘Ulkemiz’
grape variety, the highest number of clusters was in the apical buds and the least number of
clusters was in the basal buds. As a matter of fact, [34], conducted their study to determine the
variation of bud fruitfulness in Samsun ecological conditions of four different grape types
belongs to foxy grape and the productivity in the buds located in the first node of Pazar 3 and
Glineysu 3 types was less than 1. These findings are in accordance with the findings determined
by different researchers that the productivity increases towards the middle buds but decreases
again towards the apical buds [15, 16].

When the genotypes were evaluated together in terms of bud size according to their position, it
was found that the primary buds in the base (basal) buds were statistically different from the
primary buds in the basal and middle buds. It was found that the largest primary bud is in the
middle buds and the smallest primary bud is in the basal buds. It was determined that there is a
statistically significant difference between the genotypes in terms of the size of the primary
buds. It was determined that the primary buds of the ‘Ulkemiz’ grape variety has larger than
the primary buds of the ‘Karaerik’ grape variety. It has been revealed that the largest primary
buds are in the middle buds and the smallest primary buds are in the basal buds of the ‘Karaerik’
grape variety. In the ‘Ulkemiz’ grape variety, it was determined that the largest buds were in
the middle buds and the smallest buds in the basal buds, as in the ‘Karaerik’ grape variety. We
believe that this situation may be related to the aging of an old shoot and related nutrient
delivery. As a matter of fact, it is known that an old shoot in the grapevine begins to lignify
from the basal to the apical, and accordingly it is known that it is more wooded in the basal
nodes and less in the apical nodes compared to the middle nodes [18]. As a matter of fact, [24]
reported that the primary buds form structures containing 1-4 bunches, 6-12 nodes and/or
leaves, and a few leech drafts in the 7-8 month period from the beginning of the development
period to the enter rest. After this date, [47] stated that the buds entered winter dormancy until
March of the following year, and then the development of the buds started again, but new organs
could not be formed, but the structures that were formed developed. In addition, [48] reported
that shoots developed better due to the long vegetation in hot regions and there was a positive
correlation between shoot development and bud development.

4. Conclusion

In this study, it was determined that the number of clusters in the primary buds in the vines
affects the bud sizes. In the study, it was observed that the size of the bud increased as the
number of primordium of clusters in the bud increased in both ‘Karaerik’ and ‘Ulkemiz’ grape
varieties (It was determined that buds containing 1 cluster were larger than buds without
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clusters, buds containing 2 clusters were larger than buds with 1 cluster, and buds containing 3
clusters were larger than buds with 2 clusters). As a result of the study, it was understood that
the basal and middle buds of ‘Karaerik’ grape variety were larger than the apical buds and the
number of cluster primordium of these buds was higher. In ‘Ulkemiz’ grape variety, although
the apical buds are smaller than the basal and middle buds, it has been determined that the
number of clusters is higher. It was determined that the base and middle buds of Karaerik grape
variety were more productive, so the buds could be left up to the 6th node in pruning. Since the
apical buds of ‘Ulkemiz’ grape variety are more productive, it has been seen that long pruning
would be more appropriate. According to the results obtained from this study, in addition to the
growth forces of the one-year-old shoots to be preferred in winter pruning, bud structures/sizes
should also be taken into account.
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Abstract

In this study, it was aimed to develop a Turkish software with pharmacokinetic (PK) data for therapeutic drug
monitoring and IV dose adjustment of narrow therapeutic index theophylline.

The study involved three groups, each comprising two rabbits. The dose required for the target concentration
(15pg/mL) was calculated with the developed program according to the weight of the rabbits in the first group.
Blood samples taken at certain times were analyzed by validated HPLC method to calculate the elimination rate
constant (ke) after IV bolus administration. The r* values for ke were found to be 0.86 and 0.95. The second
dose calculated according to revised PK findings was administered and blood samples were taken. When the
analyzed results and theoretical results were compared, the deviation was found to be 5.53% and 8.795%. The
findings were taken as the population PK for other applications.

IV multiple dose bolus and I'V fast-slow combined infusion were administered to the second group and the third
group, respectively. The results obtained from the analysis of blood samples taken at the times determined
according to the application were compared with the theoretical results.

As a result, although there is a high difference between theory and practice at low concentrations, there is very
little variation at high concentrations. By using this program, it has been achieved to keep theophylline at the
desired level without reaching the minimum toxic concentration and without falling below the minimum
effective concentration. It is thought that deviations will be reduced with larger samples.
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A new Turkish pharmacokinetics software program for therapeutic drug monitoring of
theophylline

Teofilinin terapotik ila¢ izlemi i¢in yeni bir Tiirkce farmakokinetik yazilim program
Oz
Terapotik ilag izlemi igin farmakokinetik (FK) veriler ile Tiirkge bir yazilim gelistirilmesi hedeflendi ve dar
terapotik indeksli teofilinin iv doz ayarlamasi yapilmasi amaglandi.

Her grupta 2 tavsan olacak sekilde 3 grup olusturuldu. ilk gruptaki tavsanlara kilosuna gore hedef derisimi
15pg/mL olmasi igin gereken doz gelistirilen programa hesaplatilarak uyguland: ve eliminasyon hiz sabitini
(ke) hesap edecek sekilde belli zamanlarda alinan kan 6rnekleri valide edilen HPLC metodu ile analizlendi. ke
icin cizilen egimin 1> degerleri 0.86 ve 0.95 bulundu. Revize edilen FK bulgulan ile gereken bireysel doz
hesaplanarak 2.doz uygulamasi yapilip kan ornekleri alindi. Analizlenen sonuglar ile teorik sonuglar
kiyaslandiginda %sapma %5.53 ve %8.795 bulundu. 1. gruptan elde edilen FK bulgulari, popiilasyon FK’s1
olarak almarak diger uygulamalarda kullanildi.

Ikinci gruba iv ¢ok doz bolus, iiglincii gruba ise iv hizli-yavas kombine infiizyon uygulamasi yapildi.
Uygulamaya gore belirlenen zamanlarda alinan kan o6rneklerinin analizinden elde edilen sonuglar teorik
sonuglarla kiyaslandi.

Sonug olarak diisiik derisimlerde teorik ile pratik arasinda yiiksek farklilik goriilmek ile birlikte yiliksek
derisimlerde farklilanma ¢ok azdir. Bu programi kullanarak teofilinin minimum toksik derisimine erismeden ve
minimum etkin derigiminin altina diigmeden istenilen diizeyde tutulmasi basarilmistir. Daha biiyiik 6rneklemler
ile sapmalarin azaltilacagi diigiiniilmektedir.

Anahtar Kelimeler: TDM, teofilin, farmakokinetik yazilim program

1 Introduction

Due to the individual variability of some drugs, not every patient can be treated with the
standard drug method. Individual dose application is difficult for drugs whose clinical efficacy
is unknown or that do not respond clinically until they have an irreversible toxic effect on the
patient. In such cases, the therapy can be maintenaned through therapeutic drug monitoring
(TDM). TDM can be defined as individual therapy to each patient for specific drugs (Freedman
& Marshall, 1993a; Kang & Lee, 2009; Marks, 1985; Touw, Neef, Thomson, & Vinks, 2005).
That’s to adjust the dose needed to the patient and treated the disease. There is no certain
solution for dose adjustment, but TDM especially utilizes if the relationship between plasma
level and response can be computed mathematically (Touw et al., 2005). The aim of this
strategy is to stay within the therapeutic index (TI, therapeutic window, or therapeutic range)
and to continue the steady state concentration. TI encompasses the interval between a minimum
level that causes the therapeutic effect (minimum effective concentration, MEC) and a
minimum level that causes the toxicity (minimum toxic concentration, MTC) of a drug (Birkett,
1997; Marks, 1985; Whiting et al., 1984). This is especially important for drugs that have a
narrow TI (NTI), such as theophylline. Theophylline has a dose-response relationship. It is used
in asthma and chronic obstructive disease as a bronchodilator. Its NTI for adults is 10-20 pg/mL
or 5-15 pg/mL depending on the source and changes according to the age of the patient
(Hallworth & Watson, 2017; Hardman, Limbird, Gilman, Molinoff, & Ruddon, 1996; Pesce,
Rashkin, & Kotagal, 1998). It is metabolized in the liver mostly by especially CYP1A2 and
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CYP3A4. The clearance shows an alteration due to a variation in the rate of metabolism
(Freedman & Marshall, 1993b; Hardman et al., 1996). The half-life is approximately 9 hours.
However, it decreases in cigarette smokers because it induces the hepatic metabolism
(Freedman & Marshall, 1993b; Jenne, Nagasawa, McHugh, Macdonald, & Wyse, 1975). The
other pharmacokinetic (PK) parameters of theophylline are shown in Table 1 (Hardman et al.,
1996).

Table 1. The pharmacokinetic parameters of theophylline

gﬁ“al) ﬁxcrl‘eitl::n Ell::fi[llllla protein Cl Vd t12 TI MTC
% o oo (mL/min/kg) | (L/kg) | (hour) | (pg/mL) | (ug/mL)
96+8 | 1843 56+4 0.65£0.20  |0.50+0.16]9.0+2.1|5-15 20

BA: Bioavailability, Cl: clearance, Vd: Volume of distribution, ti: half-life of drug, TI:
Therapeutic window, MTC: minimum toxic concentration; (£SD)

An important point for TDM is when and how much sample is collected from the patient. Many
samples are required to create a PK profile. However, the patient’s comfort requires medication
monitoring with at least a few samples (Ghiculescu, 2008).

If area under the curve (AUC) and dose are correlated with each other, to determine the AUC,
at least three blood samples are necessary. Taking more blood samples from patients is
practically impossible.

Also, if there is a correlation between Ctrough (trough serum concentration is the pre-dose
concentration) or Ct (the concentration of a determined time) and dose, a single sampling
strategy is preferable and applicable for drug monitoring. If there is no relationship between
Ctrough/Ct and dose, there is no other way except to determine AUC (Touw et al., 2005).
Especially for drugs with NTI, peak concentration (Cmax) is an important parameter.

The analysis method is the most important step. It has to be safe and easy. To be cheap, fast,
and available in laboratory environments is preferable in terms of application in practice. A kit
may be preferable for this area in terms of ease of use, but there isn’t any kit for theophylline.

Chromatographic methods are the best option because the simple sample preparation and small
volume requirements make them especially suitable for monitoring theophylline therapy in a
pediatric population (Freedman & Marshall, 1993¢c; Hendeles, Weinberger, & Johnson, 1978).
In addition to chromatographic methods for the theophylline assay, electrochemical techniques
with a faster response perspective can also be evaluated(Kocak, Nas, Kantekin, & Dursun,
2018; Wagnew et al., 2022). However, attention should be paid to the applicability of this
method in the hospital. The analysis method must be validated according to guidelines set by
the authorities. (Fda & Cder, 2018).

With a user-friendly program, monitoring as many drugs as possible is possible. For this reason,
we aimed to develop a new software program for adjusting and individualizing the dose of
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theophylline. /n vivo studies on the rabbits were conducted under multiple bolus dose and IV
infusion administration conditions to test the validity of the software program.

Currently, there are documents in the form of SOPs or online/setup programs that indicate what
needs to be done for TDM, but there is no proven program with Turkish software (Fuchs,
Csajka, Thoma, Buclin, & Widmer, 2013). In this way, theophylline will be a model substance
for other IV drugs that will need to be followed. For this purpose, firstly, a Turkish program
including PK algorithms was developed. Then, theophylline was analyzed by HPLC after the
administration of an IV bolus, an IV multiple dose bolus, and an IV infusion to rabbits.
Individual dose calculations were performed from the program developed using theophylline
results obtained from the analysis. The accuracy and validity of the program were proved by
comparing the theoretical results with plasma samples after the application of the calculated
doses to rabbits.

2 Materials and Methods
2.1 Standards and Reagents

Neofleks 5% Dextrose Solution (Tiirktipsan A.S., Turkey) and Teobag-200 (Eczacibasi-Baxter,
Turkey) were purchased from the Drug Company. Teophylline (Cipla, India) and caffein (Cipla,
India) were used for the analytical method as standards and internal standards, respectively.
Heparin Sodium (Panpharma S.A., Turkey) was used as an anticoagulant agent in the cannula.
All other chemicals and reagents were of analytical grade.

2.2 Execution of Software Program

The programming language C# was used as the host language for the software program in the
Visiual Studio environment. For the data visualization, Component One Studio was used to
make it convenient to prepare tables, and graphic procedures, and input media.

Firstly, the algorithms for PK calculations and the interface of the software program were
prepared. Three screens, including patient, active substance, and administration route, were
designed.

Patient screening involves the following parameters: that are name, surname, personal ID
number, height, weight, sex, age, and blood group of the patient. For adjusting the dosage of
theophylline, weight was used as a covariate.

Active substance screening involves the theoretical values of PK parameters obtained from

references and pharmaceutical IV preparations on the market for the active substance. Beside
the constant data, there is a numerical box to input the desired plasma concentration.

The administration route screen has five sub-screens: individual dose, IV bolus, IV multiple
dose bolus, IV infusion, and IV combined with IV bolus and infusion. At first, a program user
has to calculate the dose from the desired plasma concentration at the individual dose screen.
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A patient, an active substance and its pharmaceutical form, and an administration route of drug
are chosen, respectively, from the program. After the data of patient weight inputs into the
patient screen, the desired plasma concentration to reach the target therapeutic level is written
at the active substance screen. When the “Calculate the dose” button is pressed at the individual
dose screen, the program gives the calculated dose on same screen in the related place.
Following the drug administration to patients, three blood samples are taken at different times,
and the drug concentrations in the blood samples analyzed by HPLC are inputted into interested
text boxes at "calculating of individual dose screen" for estimating the elimination rate constant
(ke), volume of distribution (Vd), and clearance (Cl) (Dhillon & Gill, 2006). While ke is
calculated, it takes care of the coefficient of determination (r?). Afterwards, the maintenance
dose is calculated to reach the steady-state concentration.

2.3 Invivo Animal Study Design

Six white male rabbits weighing between 1.5 and 2 kg were used for this study. The drug was
given at a calculated dose according to its weight by IV administration to the rabbit marginal
vein of the left ear. The blood samples were taken from the rabbit marginal vein of the right ear
by the 24G branule, and plasma was separated from whole blood by a vacutainer containing
EDTA. After each blood sample was taken, 0.5 mL of the 1% heparin solution was injected
into the branule. The investigations were performed after approval by the Animal Ethics
Committee at the Faculty of Medicine of Ege University (No. 2007-37).

The study was designed as three groups with two rabbits in each group. The first group was
used to find mean of their ke, Vd, and Cl parameters by administration of one dose bolus, and
these results was considered the population PK.

For finding the population PK, the first bolus dose was calculated taking into account the weight
of the rabbits and was administered to both rabbits in the first group. After injection, three blood
samples taken at certain intervals from the rabbits were analyzed. The analyzing results were
put in a concerned place in the program, and the second dose was calculated for each rabbit
separately. After second dose administration, a last blood sample for measuring Ctrough was
taken and analyzed to compare this analysis result with the corresponding to theoretical value
for each rabbit.

The first doses for the second group used for examination of multiple dose bolus administration
were calculated according to population PK, and the results from plasma samples were
compared with theoretical values. The continuous infusion was applied to the third group. For
the first infusion rate of the third group, the population PK was assumed to be their PK
parameters.

As an expression of the closeness to the therapeutic target, deviation from the theoretical value
of the practical value obtained was used. The practical values were compared with theoretical
values on a deviation% from the theoretical to practical value by using Equation 1.
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Deviation% = < x 100

=——X
eviation% TC
Equation 1- Calculation of deviation% from theoretical value to practical value. PC: The
Practical Concentration Value Obtained; TC: The Theoretical Concentration Value calculated
by the program.

2.4  The Strategy of Multiple Bolus Doses Administration

The bolus doses to be given to rabbits in the second group were separately calculated from the
program using their weights. After being injected, three blood samples were taken at different
hours and analyzed. The maintenance dose, Ctrough, and dose interval were estimated by the
program for each rabbit, and the calculated maintenance dose was administrated. A last blood
sample was taken to compare practical and theoretical values.

2.5 The Strategy of Continuous Infusion Administration

The infusion flow rate was determined by inputting the preferred time to reach the target
concentration. After starting the infusion, three blood samples taken at different hours were
analyzed. Then, when the preferred time was over, second infusion rates were adjusted to
maintain steady-state concentrations. Before and after the second infusion rate administration,
three blood samples were taken, and this study was completed by stopping the administration
of drugs.

2.6 The Validation of Analytical Method of Theophylline

The analytical method was modified from Karasulu E. et al. (Karasulu, Apaydin, & Tuglular,
2006). An Agilent 1100 series HPLC was used at isocratic conditions. It was equipped with an
injection valve of 20 pL, a UV detector set at 273 nm, and a Cig, 5 pm x 4.6 mm x 150 mm
analytical column. The mobile phase composition was a mixture of acetonitrile,
tetrahydrofuran, acetic acid, and distilled water (20: 20: 5: 955) (v/v/v/v) at a flow rate of 1.0
ml/min. The overall analysis time was 10 minutes.

The method validation was performed using the following parameters: selectivity, accuracy,
precision and recovery, sensitivity, reproducibility, and stability of standard and test solution
(Hendeles et al., 1978). The linearity of the method involved six points: 1, 4, 8, 12, 16, and 20
pg/mL.

Each sample (200 uL) was mixed with caffeine solution as an internal standard and shaken by
vortex for 10 sec. 600 pL of methanol was added to it and shaken by vortex for 10 sec. After
centrifuging at 10,000 rpm at 4 °C for 15 min, the supernatant was removed under the vacuum
concentrator with nitrogen. The remainder was solved with 0.5 puL of mobile phase and injected
into HPLC.
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3 Results and Discussion
3.1 Execution of Software Program

The program has two parts: the source code, including the algorithms of PK, and the execution
area for users. The source codes for the PK module of software were prepared in C#. The image
of administration route screens is presented in Figure 1.
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Figure 1- The administration route screen

3.2 The Strategy of Multiple Bolus Dose Administration

Three blood samples were taken after the first group received a bolus IV dose of the dose that
was calculated from the source data. Vd and ke changed from 0.77 h-1 to 0.188 h-1 and 500
mL to 1242 mL, respectively (Table 2); r> was 0.86 and 0.95 for each rabbit. A blood sample
was also taken immediately before the second dose. The deviation of the result from the
theoretical result was -89.799% and 18.385% for each rabbit. The second dose was determined
to reach the target concentration according to these values, which vary for each rabbit
separately. When the theoretical results are compared with the sample results taken at a given
time after the second dose, the deviation value was found to be 5.53% and 8.795%, respectively.
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Table 2- Pharmacokinetic parameters of the rabbits at multiple bolus dose administration

Accepted The parameter
values in | 1% rabbit 2" rabbit of  Population | 3™ rabbit 4" rabbit
common** PK
1. dose 14mg/7mL [20mg/10mL |- 20mg /10 mL | 20 mg/ 10 mL
ke (b)) 0.077 0.252 0.124 0.188 . .
Vd (mL) 500 1439 1045 1242 - -
2. dose* -
theoretically 20 mg 11.652 mg j j
2. dose 20mg/10mL | 11 mg/5.5mL | " 20 mg/ 10 mL {20 mg /10 mL
practically '

* The second dose was given at 400 min and 340 min for the first and second rabbits,
respectively.

** According to Hardman et al.(Hardman et al., 1996)

The values obtained from the first group were accepted as population PK. According to these

values, the IV bolus dose of the second group, the time of administration of the second dose,
the Ctrough before the administration of the second dose, and the maintenance dose were
calculated according to their weight. The deviations from the theoretical results of the blood
concentrations of rabbits before and after the second dose were 11.546% and -8.751% for the
first rabbit, and 50.114% and 4.851% for the second, respectively.

The times of dose administrations, the time of Ctrough, and the deviation% of all samples

belonging to the multiple bolus doses administration are presented in Table 3. The profiles of
the plasma concentration time for practical and theoretical values at multiple bolus doses are
presented as graphical in Figure 2.

Table 3- The deviation % from the theoretical value to the practical value at multiple bolus
dose administration

First Group Second Group

1%t rabbit 2" rabbit 3™ rabbit 4™ rabbit

t (min) Deviation% t (min) Deviation% | t (min) Deviation% | t (min) | Deviation%

0 First dose time 0 Elrst dose 0 Elrst dose 0 Elrst dose
time time time

5 3 6 -5.672 10 -0.473

30 38 21 -24.137 20 -21.564

60 53 40 -25.579 50 -18.945

385 360 416 340

(Ctrough) -89.799 (Ctrough) 18.385 (Ctrough) 11.546 (Curouin 50.114

400 Second dose time | 360 Second dose 416 Second dose 340 Second dose
time time time

600 5.530 365 8.795 425 -8.751 350 4.851
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Plasma Levels of Theophylline at Multiple Bolus
Administration

15

==&==TC for 3rd rabbit
=== PC for 3rd rabbit
TC for 4th rabbit

10 4

Plasma Concentration (ug/mL)

MEC 5 f ==3é==P( for 4th rabbit
0 Second dose administartion time
0 60 120 180 240 300 360 420
Time (min)

Figure 2- The plasma levels of theophylline at multiple bolus doses administration with
practical and theoretical results of 3rd and 4th rabbits

3.3 The Strategy of Continuous Infusion Administration

The infusion rate required to reach the target level within 1 hour was calculated as 10 mL/hour
(20 mg) based on the population PK parameters determined from the program, and three blood
samples were taken after IV infusion administration. The first infusion was terminated with a
blood sample taken at 60 minutes and the second infusion rate was calculated as 3.3 mL/hour
(6.6 mg) from the program and administered for 30 minutes. Two blood samples were taken
throughout the second infusion, and a final blood sample after the end of the second infusion
was taken and analyzed. Theophylline level in the last blood sample of the first infusion was
15.718 png/mL for the first rabbit and deviated from the theoretically calculated value by
2.331%. In the second rabbit, it was found to be 15.245 pg/mL and deviated from the theoretical
calculated value by 17.269%. The deviations in the samples after the second infusion for both
rabbits were between -0.846% and 18.664%.

The starting times of IV infusions, the time of Ciarget, and the deviation% of all samples are
presented in Table 4. The deviations from the desired concentration of theophylline of results
of samples taken during the second continuous infusion rate are shown in Table 5.

The profiles of the plasma concentration time of practical and theoretical values at IV infusion
administration are presented as graphical in Figure 3.
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Table 4- The Deviation % from the theoretical value to practical value at IV infusion
administration

Third Group

5t rabbit 6™ rabbit

t (min) | Deviation% t (min) | Deviation%

0 First infusion rate time 0 First infusion rate time
15 73.947 7 96.280

30 30.807 18 47.300

45 16.480 28 17.269

60 2.331 30 Second infusion rate time
60 Second infusion rate time | 40 -0.593

75 16.724 60 -0.846

90 18.664 60 The ended of infusion
90 The ended of infusion

Table 5- The deviation from the desired concentration of theophylline in the results of samples
taken during the second continuous infusion rate

5t rabbit 6™ rabbit

(ko) Deviation% (ot Deviation%
(PC-15)/15x100* (PC-15)/15x100*

60 4.786 28 3.633

75 5.386 40 -14.460

90 11.306 60 -12.860

* 15 value is the therapeutic target or TC
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Plasma Levels of Theophylline at iv Infusion
Administration
MTC 9 -
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Figure 3- The plasma levels of theophylline at IV infusion administration with practical and
theoretical results of 5th and 6th rabbits

3.4 The Validation of Analysis Method of Theophylline

In analytical validation, selectivity, determination of LOQ and LOD, repeatability of injection
and extraction repeatability as precision criteria, solution stability, recovery studies, accuracy,
and linearity studies were performed. The chromatogram with the blank plasma and matrix
sample together is presented in Figure 4. The results of analytical method validation and
specification limits according to CDER, FDA guidance (Fda & Cder, 2018) are shown
comparatively in Table 6.
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Caffein

Theophylline

mAU

Time (min)

Figure 4- The chromatogram with the blank plasma (red line) and matrix sample (green line)

Table 6- The results of the theophylline’s analytical validation

Specification limits (Hata! Basvuru kaynagi

Validation Parameters Results
bulunamadi.)
RT of .
Selectivity | Theophylline - >-086 min
RT of Caffeine - 7.554 min
e o, | LOD - 0.043 pg/mL
Sensitivity LOO - 0.026 pg/mL
r? >0.95 0.999

Calibration Curve

+ 20% for the LLOQ (1pg/mL);
+ 15% for the other points (4, 8, 12, 16, 20 ng/mL)

-13.6% - -0.1% for LLOQ
2.1% —4.27 % for the other points

Precision (Repeatability)

RSD% < 2%

0.206%

Low concentration (I1pg/mL) RSD% < 20% | 6.524%
Reproducibility Medium concentration (§ug/mL) RSD% < 15% 0.895%
High concentration (20pug/mL) - 1.095%
Low concentration (I1pg/mL) 94.6%
Recovery Medium concentration (§ug/mL) 100.2%
High concentration (20pug/mL) 97.3%

Stability of solutions at room
temperature

Not more than 15% differences
(during the 12 hours)

0.8% for lowest and highest
concentrations
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Following FDA guidelines(Fda & Cder, 2018) the method validation of theophylline was
checked and found to be correct within the limits of the validation parameters (Table 6). The
analysis time of one sample, including the sample preparation, is approximately 30 min with
this method. In terms of chromatographic analysis, the method is simple and fast.

The appropriateness of the Ctrough or AUC data calculated from the samples taken is evaluated
with the correlation coefficient. In the sources where the AUC calculation was made based on
at least 3 samples, correlation coefficient values varied between 0.54 and 0.96 and were
accepted (Erdman, Rodvold, & Pryka, 1991; Kuypers et al., 2010). In this study, the high
correlation (the coefficients of determination of the first and second rabbit samples were 0.86
and 0.95, respectively) between the analysis results of the three blood samples after the dose
determined by the two rabbits in the first group shows the accuracy and reliability of the
sampling time and measurement method.

In line with the results obtained with high correlation, a dose adjustment was made to the first
group, and a second dose was administered. The deviations % of Ctrough and Ct after the
second dose decreased from %-89.799 to %5.53 and from %18.385 to %8.795 for each rabbit,
respectively (Table 2). The decrease in the deviation values, which is close to the therapeutic
target, shows the applicability of the program.

When McClain et al. interpreted the results of the critical values of therapeutic drugs obtained
from 36 laboratories without any standardization, they showed that the relative coefficient of
variation was large (> 88%) for Ctrough and less (> 19%) for Cpeak (McClain, Owings, &
Bornhorst, 2011). The relative coefficient variation for the Cpeak value of theophylline
obtained from 33 laboratories was 19%. It has been shown that theophylline can maintain its
effectiveness in a narrow therapeutic range by reducing the deviation from the theoretical value
in the Ctrough values obtained from this program for IV bolus application (Table 2). In this
way, the monitoring of theophylline could be standardized.

When the population PK was compared to the other rabbits in the second group, the deviation%
in Ctrough was observed as 11.546 and 50.114, but it was observed that the elevation of
deviations at low concentrations did not affect MTC, and also that the practical concentration
remained above Tl at 5 pg/mL.

In the second post-dose measurement, deviation% values were found to be -8.751 to 4.851, and
the target concentration was reached. The program has also been shown to work reliably for
multiple dose administration (Table 3).

The third application, infusion, showed that the target concentration was reached in a certain
time and the theophylline plasma levels of each rabbit covered the therapeutic range of
theophylline (theophylline concentration range of blood samples taken between 15 and 90
minutes between 6.175 and 16.696 pg/mL). The measurement results at the time of reaching
the target concentration were 15.718 and 15.245 pg/mL, and the deviations of these values from
the theoretical calculation were found to be 2.331% and 17.269%. Also, deviations after the

125



A new Turkish pharmacokinetics software program for therapeutic drug monitoring of theophylline

second infusion rate ranged from -0.846 to 18.664 (Table 4). The program worked successfully
in infusion administration.

4 Conclusion

Thanks to this program, it has been shown that theophylline, which has a NTI, can be used
safely by achieving values close to the therapeutic target. And thanks to this clinical benefit, a
cost-effectiveness program was designed.

In the implementation of the program, it is seen that it is a user-friendly program in order to
clearly indicate the location of the data to be entered and to guide the user. In addition to the
mathematical results, the graphical presentation of the results has made the program more
visually understandable and interpretable by the expert.

The software program is in operation and will be developed in the future. TDM is not just a
program; it is a whole, from the selection of the sampling time to the analytical method.
Developing faster analytical methods will increase the applicability of TDM. For now, the
program is practicable for the TDM of theophylline.
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Abstract

Objective: The objective of this study was to evaluate and compare vital signs, especially mean blood pressure
and heart rate, in patients treated with two techniques of arthrocentesis of the temporomandibular joint.
Methods: Thirty patients received TMJ arthrocentesis with either two needle arthrocentesis (TNA) or single
needle arthrocentesis (SNA). Heart rate and arterial pressure measurements were recorded at six different stages
of the procedure and these values were compared between the two techniques.

Results: Heart rate and mean blood pressure recorded their peak values during needle insertion for both local
anesthesia and arthrocentesis administration (P<0.05). Heart rate and mean blood pressure scores were
significantly higher in the SNA group.

Conclusion: It is necessary to be more cautious in patients receiving SNA as blood pressure and heart rate may
increase.

Keywords: arthrocentesis, temporomandibular joint, blood pressure, heart rate

Temporomandibular Eklem Artrosentezinde Eklem Basinc1 Yasamsal Bulgular:
Degistirir mi?
Oz
Amag: Bu g¢alismanin amaci, iki farkli temporomandibular eklem (TME) artrosentez teknigi uygulanan

hastalarin ortalama arter basinci ve kalp hizi gibi yasamsal bulgularini karsilagtirmaktir.

Yontemler: Otuz hastaya; c¢ift igne girisli artrosentez veya tek igne girisli artrosentez yontemleri ile TME
artrosentezi uygulandi. Kalp hizi ve arteriyel basing dl¢limleri islemin alt1 farkli agsamasinda kaydedilerek bu
degerler iki teknik arasinda karsilastirilmustir.

Sonugclar: Ortalama kan basinci ve nabiz; anestezi ve igne girisi sirasinda en yiiksekti (P<0.05). Kalp hiz1 ve
ortalama arter basinci skorlari tek igne girisli artrosentez yapilan hasta grubunda istatistiksel olarak daha
yiiksekti. Tek igne girisi ile artrosentez yapilan hastalarda kan basinci ve kalp hizi artabileceginden daha dikkatli
olmak gerekir.

Anahtar Kelimeler: artrosentez, temporomandibular eklem, kan basinci, nabiz
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1. Introduction

Lysis and lavage of the Temporomandibular Joint(TMJ) were first applied using arthroscopy
by Onishi [1]. In 1991, Nitzan first introduced the technique of TMJ arthrocentesis, which
involves flushing the joint cavity by injector pressure with two needles inserted into the upper
compartment of the joint [2]. This technique later became known as a double needle or two
needle arthrocentesis (TNA) technique.

The joint irrigation procedure can be conducted either at a lower pressure using a suspended
infusion bag or at a higher pressure with the use of a syringe [3].

Multiple adjustments have been recorded in the literature to address the challenges associated
with the use of dual needles in the classical arthrocentesis technique. The single needle
arthrocentesis technique was introduced by Guarda-Nardini in 2008 [4].

The single needle method includes flushing the upper joint compartment by allowing both the
liquid inlet and outlet through the same cannula [5].

In SNA the fluid flow persists within the same cannula and lumen; therefore, arthrocentesis
takes more time than TNA and SNA technique [6]. In addition, patients undergoing the SNA
technique may find the arthrocentesis procedure more difficult to tolerate due to the higher
intra-articular pressure compared to other techniques [7].

Several studies have compared the efficacy of TMJ arthrocentesis techniques [6,8,9] However,
only one study has assessed patient comfort with these techniques about anxiety levels [10].

This study aimed to investigate patient HA and MBP values in the SNA technique compared to
the TNA technique.

2. Material and Methods

This study received approval from the Erzincan Binali Yildirim University Clinical Research
Ethics Committee. (2020/03-16). The study included 30 patients who were examined in
Erzincan Oral and Dental Health Training and Research Hospital between 2019 and 2020 and
diagnosed with disc displacement and underwent arthrocentesis with this diagnosis. Patients
signed written informed consent before each procedure. This study included patients who were
diagnosed according to the current diagnostic criteria and who also exhibited unilateral joint
involvement, which was confirmed by magnetic resonance imaging (MRI) findings. All
patients were adults, aged 18 years or older, and had been experiencing TMJ pain for a
minimum of 6 months. Patients with systemic diseases affecting TMJ, previous TMJ surgical
operations, and patients with incomplete clinical records were excluded from the study.

The patients were randomly allocated into two treatment groups based on the treatment they
received. (SNA or TNA).
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Arthrocentesis Techniques:

The TNA procedure used was described by Nitzan [2]. For this technique, a direct line was
established from tragus to the lateral eye cantus, referred to as the Holmlund-Helsing line. The
initial puncture point was designated as 20 mm in front and 10 mm below the tragus, while the
second point was marked as 10 mm in front and 2 mm below the tragus. The superior joint
compartment was washed up with 150 mL Lactated Ringer's fluid after preauricular local
anesthesia infiltration. Two 21-gauge needles were used for irrigation, and upon completion of
the procedure, following the removal of one of the needles, a I mL injection of hyaluronic acid
was administered into the superior TMJ cavity via the remaining needle.

In the SNA technique, only a single needle entry point was used and both fluid entry and fluid
exit were managed with the same cannula and lumen of a single 21-gauge needle as described
by Guarda-Nardini et al. [4] The joint was irrigated with 150 mL RL solution. At the end of the
procedure, 1 mL of hyaluronic acid was injected via needle.

Measurement Time Points:

MBP and HR of each patient were measured the operation (T0), during the needle insertion for
local anesthesia (T1), during needle insertion(s) to the superior joint compartment (T2), during
the arthrocentesis procedure at the fifth minute (T3) during the arthrocentesis procedure at the
tenth minute (T4), and at the at the conclusion of the arthrocentesis procedure (T5).

Statistical Analysis:

Statistical analysis was carried out with IBM SPSS 22. The data were presented as mean =+
standard deviation and median (minimum—maximum). The normality of variable distributions
was assessed using the Kolmogorov-Smirnov test, and the Mann—Whitney U test was employed
to compare values between the two groups due to the non-normal distribution of variables.
Statistical significance was defined as a p-value less than 0.05.

3. Results and Discussion

There were no significant differences observed between the groups concerning age and sex.
(Table 1). HR and MBP values were higher at all stages in the SNA group compared to the
conventional arthrocentesis group. (Figure 1,Figure 2) however, there were no statistically
significant differences between the two groups in all periods except at T4. (Table 2).
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Table 1: Age and Sex Distribution of Patients in the Study

SNA TNA
(n: 15) (n: 15)
Age (years)
Mean + SD 31.53 £10.76 27.33+791
Median (min. — max.) 32 (17 -153) 23 (19-42)
Sex
Female 9/15 (60%) 10/15 (67%)
Male 6/15 (40%) 5/15 (33%)

SD: standard deviation; min: minimum; max: maximum

SNA: single needle Arthrocentesis, TNA: Two Needle Arthrocentesis

Table 2: Comparison of MBP and HR values according to process stages

HR MBP
SNA TNA P SNA TNA P

0 T om0 ORRE RS 0ass
R - ST TR U
T2 e HAE 0389  9827%851 S 0.250
T3 SO MSE 0967 9sazxsor ST 0,056
T4 T . 0902  97.00%791  S0IF 0.013*
TS A T 0.775 90534785 S 0.067

SNA: single needle Arthrocentesis, TNA: Two Needle Arthrocentesis
HR: Heart Rate, MBP: The Mean Blood Pressure

TO: Preoperative, T1: during the needle insertion for local anesthesia, T2: during needle insertion(s) to the superior
joint compartment, T3: Fifth minute, T4: Tenth Minute, T5: At the conclusion of the arthrocentesis procedure
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Figure 1: Change in HR Values According to Process Stage
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Figure 2: Change in MBP Values According to Process Stages
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Discussion:

The effect of maxillofacial surgical interventions on heart rate and mean blood pressure values
has been frequently presented in the literature [11]. Many publications have shown increases in
these two values during surgical procedures performed under local anesthesia [12]. Changes in
blood pressure and heart rate are often attributed to dental anxiety and fear [13,14]. Patients not
only have a fear of dental surgical procedures but also develop anxiety about the needle used
for local anesthesia administered before surgery [15]. In the arthrocentesis procedure, in
addition to the needle used for local anesthesia, the procedure itself involves separate needle
entries, which can further increase anxiety. With the increase in anxiety and fear, an increase in
heart rate and average blood pressure is an expected outcome [16].

Various studies published to compare the effectiveness of SNA and TNA techniques [6,8,9,17—
21]. Two of them additionally focused on the ease of procedure [6,8]. They studied the ease of
procedure by using subjective feedback from the operator performing arthrocentesis. Only one
study investigated the comfort of patients observing vital signs [10]. In the SNA technique, it
was presumed that the intraarticular pressure would be greater than in the TNA technique
because both the liquid inlet and outlet were managed through the same cannula [22]. The
higher pressure can be useful in TMJs presenting intraarticular adhesions as in disc
displacement without reduction cases. However, this higher pressure can be assumed more
uncomfortable for patients. Additionally using the same cannula takes longer time in the SNA
technique [21]. Longer operation time can be an irritating factor for patients and thus the HR
and MBP values would be expected higher compared to the TNA technique. Taskesen et al.
studied HR and MBP and the Stait-Trait Anxiety Inventory Scale (STAI-S) to compare patient
comfort and anxiety levels in TNA and SNA techniques [10]. They revealed no statistically
significant differences in HR and MBP values in any period between SNA and TNA groups
although they expected the HR and MBP values would be higher in SNA than in TNA because
of the higher intraarticular pressure. Unlike their study, we found the statistically significant
difference only at point T4 marking the tenth minute of the procedure. The difference at this
time point may be due to the pressure and this difference may be explained by the fact that the
longer the duration of the procedure, the less the patient tolerates the pressure.

Limited sample size and retrospective study design are two major limitations of our study.
However, using objective parameters such as HR and MBP values may be considered pro of
the present study.

4. Conclusion

This study revealed that the SNA technique may reduce HR and MBP values therefore patient
tolerability of the SNA may need to be considered in the SNA technique. Further studies using
similar objective parameters in larger patient groups are needed
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Abstract

Aim: This article aims to investigate tongue dimensions in patients using lateral cephalometric radiography,
examining the potential impact of differences in tongue size on Obstructive Sleep Apnea Syndrome (OSAS).

Methods: This study included 80 patients, with 34 females and 46 males. Among these patients, 48 were in the
patient group with OSA, and 32 were in the control group Apne-Hypopnea Index (AHI)<5. Tongue dimensions
were measured in lateral cephalometric radiographs of the patients, and these measurements were compared
between the groups.

Results: In our study, a statistically significant increase was observed in tongue length and tongue area in OSA
patients (p < 0.05). However, the increase in tongue thickness was not statistically significant.

Conclusion: Our study shows that obstructive sleep apnea (OSA) patients tend to have larger tongues. A larger
tongue may contribute to airway obstruction during sleep, leading to increased OSA severity. This information
could aid clinicians in tailoring treatment strategies for OSA patients, potentially improving therapeutic
outcomes.

Keywords: obstructive sleep apnea syndrome, tongue, fat, soft tissue

OUAS’h Hastalarda Dil Boyutlarinin Lateral Kafa Grafisi ile Incelenmesi
Oz
Amag: Bu makalede, lateral sefalometrik radyografi kullanarak hastalarda dil boyutlarini inceleyerek, dil boyutlarindaki
farkliliklarin Obstriiktif Uyku Apnesi Sendromuna (OUAS) potansiyel etkisini arastirmak amaglanmustir.

Yontemler: Bu caligmaya 34 kadin 46 erkekten olusan 80 hasta dahil edildi. Bu hastalardan OUAS’1 olan 48’1 hasta grubunu,
32’ si ise apne hipopne indeksi (AHI)<5 olan kontrol grubunu olusturmaktaydi. Hastalara ait lateral sefalometrik
radyografilerde dil boyutlar 6l¢iildii ve gruplar arasinda bu degerler karsilagtirildi.

Bulgular: Calismamizda obstriiktif uyku apnesi (OUA) hastalarinda dil boyunda ve dil alaninda istatistiksel olarak anlamli
bir artis gdzlenmistir (p <0.05). Fakat dil kalinligindaki artig anlaml1 derecede degildir.

Sonug: Calismamiz, OUA hastalarmin genellikle daha biiyiik bir dile sahip oldugunu gostermektedir. Daha biiyiik bir dil,
uyku sirasinda hava yolunun tikanmasina katkida bulunabilir, bu da OUAS siddetinin artmasina yol agabilir. Bu bilgi,
klinisyenlere OUA hastalar i¢in tedavi stratejilerini uyarlamada yardimet olabilir ve tedavi sonuglarini potansiyel olarak
tyilestirebilir.
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1. Introduction

Obstructive Sleep Apnea Syndrome (OSAS) is a sleep disorder with a high prevalence that
continues to increase [1], characterized by repeated interruptions of breathing and/or a
significant reduction in airflow during sleep [2]. The prevalence of OSA is increasing in the
population, making it a significant public health issue that adversely affects both individuals'
and society's well-being and increases susceptibility to many serious diseases [3].
Complications such as obesity and smoking ,hypertension, hyperlipidemia, metabolic
syndrome, diabetes mellitus and insulin resistance are more common in OSAS patients
compared with the general population [4].

The etiology of OSA is complex, involving the interplay of numerous factors. These factors
include genetic predisposition, age, gender, obesity, and anatomical features such as neck
circumference [5]. The upper airway consists of structures such as the nose, mouth, throat, and
pharynx, and the anatomical characteristics of this region can influence the risk of OSA [6].

Untreated or poorly managed obstructive sleep apnea (OSA) can lead to serious consequences,
including cardiovascular diseases, hearing loss, diabetes, mental and emotional problems, as
well as accidents and injuries [7]. Therefore, it is crucial to seek professional medical evaluation
and appropriate treatment when OSA is diagnosed, or its symptoms are recognized. Treatment
options may include lifestyle modifications, positive airway pressure devices (such as
continuous positive airway pressure), oral appliances, and, in some cases, surgical
interventions. With proper treatment, the adverse effects of OSA can be reduced or
prevented [8—10].

The role of soft tissues is more significant than that of hard tissues in shaping the upper airway.
Among these soft tissues, the importance of the tongue and soft palate is greater. OSAS is a
disease that generally occurs more frequently in the supine position. Probable factors
contributing to increased obstruction in the supine position include the gravitational pull and
changes in muscle tone leading to the repositioning of the soft palate or tongue backward.
Therefore, the most common sites of obstruction are the retroglossal and retropalatal areas.
Surgical procedures commonly used in the treatment of OSAS are also typically performed in
these areas [11]. In addition to positional changes in soft tissues, volumetric increases,
particularly in the tongue and other soft tissues due to fat accumulation, also play a significant
role in upper airway obstruction [12]. Because of the importance of the role of tongue size in
obstruction, it has been frequently studied by researchers. Lateral cephalometric radiography
allows for an objective measurement of tongue size and offers the opportunity to investigate its
relationship with the severity of OSA [13].

This article aims to investigate tongue size in OSA patients using lateral cephalometric
radiography and evaluate the potential impact of these measurements on the severity of OSA.
The results of our study may contribute to a deeper understanding of the pathophysiology and
risk factors associated with OSA, potentially leading to improved treatment strategies.
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2. Material and Methods

This study included 80 patients aged 18-65 years who presented to the Chest Diseases Clinic
of Erzincan Binali Yildirim University Mengucek Gazi Training and Research Hospital
between 2021 and 2022 with complaints of sleep-disordered breathing. Patients with
craniofacial abnormalities, a history of tongue surgery, or any medical conditions affecting
tongue size were excluded from the study.

Polysomnography

All patients were evaluated with nocturnal polysomnography (PSG) in the clinic's sleep
department  (55-channel polysomnography-Alice  Sleepware; Philips  Respironics,
Pennsylvania, USA), and 48 of them were diagnosed with OSA according to the American
Academy of Sleep Medicine (AASM) criteria. In 32 patients, the AHI value was below 5
according to PSG evaluation, and simple snoring was diagnosed. Apnea is defined as a
reduction of at least 90% in airflow amplitude lasting less than 10 seconds and hypopnea is
defined as a reduction of at least 30% in airflow amplitude lasting at least 10 seconds and
associated with a 4% or greater oxygen desaturation. In patients with OSAS, the number of
AHI episodes, including apnea and hypopnea episodes per hour of sleep, was calculated.

Cephalometric analysis

All X-rays were obtained with the DRGEM Diamond-6A (Korea) X-ray machine in a
repeatable natural head position, where all teeth were in centric occlusion, with slight contact
or at rest without contraction of the upper and lower lips. During the acquisition of lateral
cephalograms, the patient-source distance was standardized at 152 cm, and the mid-sagittal
plane film cassette distance was 13 cm (80 kV, 320 mA, 51.2 mAs). All X-ray films were taken
by the radiologic technician.

While the radiographic images were captured by technicians, cephalometric images were
transferred to the Corel-Draw program, and measurements were performed by our team. In
terms of reliability, the measurements were repeated 25 days later.

Cephalometric Landmarks

TT: The most anterior point of the tongue seen in cephalometry.
Eb: The deepest point in front of the epiglottis.

Hy: anterosuperior point of the hyoid bone.

G: genial tubercle

Tongue Size Measurements:

TA, Tongue Area: A line connecting the Eb, Hy, and G points, along with a line drawn from
the G point to the TT point following the inner contour of the mandible and continuing along
the dorsum of the tongue back to the Eb point, defines the area referred to as the tongue area.

TL, Tongue length: The distance between Eb and TT.
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TH, tongue height: The length of the line perpendicular to the line between Eb and TT from
the top of the curvature of the tongue dorsum.

Figure 1: Anatomic Landmarks and Measurements

TL: Tongue length, TH: tongue height, Eb: Base of epiglottis, Hy: Hyoid bone, G: Genial tubercle, TT: Tip of tongue

Figure 2: Borders of the Area of the Tongue

Eb: Base of the epiglottis, Hy: Hyoid bone, G: Genial tubercle, TT: Tip of tongue

Patients' cephalometric records and clinical data, including age, sex, and AHI values were
collected from the hospital's medical records.

Statistical Analysis:

Statistical analysis was conducted using SPSS-22 software. The normal distribution of the
data was assessed using the Kolmogorov-Smirnov test. Since the data followed a normal

140



Examining Tongue Size in OSA Patients with Lateral Cephalometric Radiography

distribution, they were compared using the T-test, and values with P<0.05 were considered
statistically significant.

3. Results and Discussion

In a study conducted by Horner et al. tongue sizes were compared between patients with OSAS
(AHI>5) and a control group (AHI<5) using magnetic resonance imaging (MRI). The study
found that OSAS patients had a higher prevalence of tongue enlargement due to fat deposition
in comparison to the control group [14].

In an MRI study conducted by Kim et al., they measured tongue volume and fat volume in
apneic and non-apneic patients. They observed a statistically significant increase in both tongue
and fat volumes in apnea patients compared to the control group (P < 0.05) [12].

In a study conducted by Wang et al. investigating the impact of weight factors on OSAS, they
compared certain anatomical structures affecting upper airway dimensions between patients
who lost weight and those who could not lose weight. In their research, they noted a statistically
significant reduction in AHI values among patients who experienced weight loss (P=0.0004).
The point of interest highlighted in their study was the significant reduction in tongue fat
content observed in the group of patients who lost weight (P<0.0001) [15].

Kim TH et al. conducted a study using cephalograms obtained from obese and non-obese OSA
patients. In their study, they attributed increased tongue volume in obese patients to the
accumulation of fat and soft tissue in the tongue and pointed to the downward displacement of
the hyoid bone as the cause of this condition [16].

Schwab and colleagues confirmed increased tongue volume in patients with OSA through their
MRI study [17].

Lu et al. conducted a prospective study on patients with severe sleep apnea who underwent
multilevel surgery, comparing their AHI values and tongue dimensions based on head and neck
computerized tomography (CT) scans. As a result, it was determined that tongue length is
associated with disease severity, and tongue volume significantly decreased after surgery [18].

In a magnetic resonance imaging study conducted by Do et al. and a CT scan study conducted
by Ogawa et al., increased tongue sizes were observed in OSA patients compared to control
groups, supporting findings from other studies [19,20]. Similarly, in MRI studies by Kando et
al. and CT studies by Shigeta et al., the volumetric calculations of the tongue and oral cavity
were performed, and in OSA patients, this ratio was found to be larger. These studies concluded
that the increase in tongue size was negatively correlated with airway volume [20,21].

In a study conducted by Johal et al., they highlighted a significantly reduced intermaxillary
space in patients with OSAS. This implies a restriction in the area where the tongue is positioned
in individuals with OSAS [22].

Stipa et al. conducted a retrospective study on the cephalometric images of 253 OSA patients
and evaluated tongue size and tongue length parameters about AHI values. However, no
statistically significant relationship was found between disease severity and these
parameters [23].
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In a study conducted by Battagel et al. on cephalograms of 35 OSA patients and 24 healthy
individuals from a total of 59 patients, they did not observe any difference in the tongue area
among OSA patients [24].

Various advanced technologies such as CT and MRI are used to assess the anatomical
characteristics of the upper airway and craniofacial structures and to identify areas of
obstruction. However, the traditional cephalometric method has remained the most practical
and widely used approach. Although cephalometry provides a static, two-dimensional
assessment of the dynamic three-dimensional anatomical structures of the head and neck, it has
proven to be useful because it reveals significant differences between asymptomatic controls
and OSA patients. The main advantages of cephalometry include easy accessibility, low cost,
and minimal radiation exposure [25].

We studied cephalograms from a group of 46 OSA patients and a control group consisting of
34 simple snoring patients (AHI<5). 34 of the patients were female, and 46 were male. In our

study, no significant differences were noted between the groups in terms of age and gender
(Table 1).

Table 1: The Distribution of Age and Gender in the Groups

OSA Positive Control Group
(n: 48) (n: 32)
Age (years)
Mean + SD 46.78 £ 13.30 4594 +£11.31
Median (minimum-maximum) 47 (20-173) 48 (20-67)
Sex
Female 18/48 (37.5%) 16/32 (50%)
Male 30/48 (62.5%) 16/32 (50%)

This study demonstrates the presence of tongue enlargement in OSA patients. We observed a
significant difference in tongue length between the two groups (p=0.01). The tongue area also
showed a significant difference between the two groups (p<<0.01). However, despite a slight
increase in tongue height, this increase was not statistically significant (Table 2).

Despite the tongue being surrounded by hard tissues in the intermaxillary area, there is no
limiting hard tissue in the oropharyngeal direction. Therefore, tongue enlargement may
manifest as an increase in length rather than an increase in height, possibly leading to narrowing
of the pharyngeal airway at the retroglossal level and exacerbating OSAS.
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Table 2: Comparison of Data Between the Groups

OSA Positive Control Group P
Tongue Length(mm) 81.11 £8.35 76.96 £ 7.52 0.01*
Tongue Height(mm) 32.56 £4.09 31.48+6.99 0.436
Tongue Area(cm?) 3429 +3.74 31.92 +4.05 0.009*

Cephalometric examination is the most preferred method for evaluating the soft tissues in the
upper airway in patients with OSA due to its cost-effectiveness and ease of application.
However, like any procedure, there are certain limitations associated with cephalometric
analysis. These limitations include the inability to obtain three-dimensional images, challenges
in standardizing patient positioning, and the inability to assess the fat content in the tongue.

4. Conclusion

The increase in tongue size in OSA patients is believed to be due to fat accumulation in the
tongue, which is associated with obesity, the primary etiological factor of OSA [12,15]. Studies
can be supported by the STOP-Bang questionnaire [26], which includes questions about the
patient's snoring habits and frequency, how tired they feel in daily life, whether they have
experienced breathing pauses during sleep, the presence of hypertension, their age, gender, as
well as the calculation of the patient's body mass index (BMI) and measurement of neck
circumference. Furthermore, to determine the localization of fat accumulation in the tongue, it
would be more accurate to supplement the study with an MRI investigation.

In patients with OSA, the role of the tongue is crucial in the detection and treatment of upper
airway obstruction. Guidance results for clinicians can be obtained in future studies by
implementing recommended practices and utilizing a broader patient population.

Ethics in Publishing

The ethical approval has been obtained with decision number 15/04 at the meeting of the
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Abstract

In this paper, firstly, a summary of certain results related to the differential geometry of ruled surfaces is
provided. Subsequently, the signature curve for ruled surfaces in Euclidean 3-space is introduced. Additionally,
a simple algorithm for the reconstruction of a ruled surface, which is both efficient and entirely local, requiring
only the initial motion direction and starting point, is presented. Finally, the efficiency and accuracy of the
algorithm are demonstrated through several examples.
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3-boyutlu Oklid Uzayinda bir Regle Yiizeyin Yeniden Yapilandirilmasi
Oz
Bu makalede, oncelikle regle yiizeylerin diferesiyel geometrisi ile ilgili bazi sonuglarin bir 6zeti sunulmustur.
Daha sonra, Oklid 3-uzayinda regle yiizeyler igin isaret egrisi tanitilmugtir. Ek olarak, bir regle yiizeyin yeniden
yapilandirilmasi i¢in hem verimli hem de tamamen yerel olan, yalnizca ilk hareket yonii ve baslangi¢ noktasi

gerektiren basit bir algoritma sunulmustur. Son olarak, algoritmanin verimliligi ve dogrulugu birka¢ 6rnekle
gOsterilmistir.
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1. Introduction

In the Euclidean plane, the parametric representation of a curve a(t) yields its signature curve
S(t) = (K(t), Ky (t)), where k(t) signifies the curvature and k,(t) is the rate of change with
respect to the arc length t. Calabi et al. used the signature curves to recognize invariant
properties of visual objects in the Euclidean plane [1,2]. They also introduced a new method
for invariant recognition of visual objects that involves numerical approximation of k(t) and
Ks(t) to a differential invariant signature curve. Surazhsky and Elber explored the process of
uniquely deriving a planar curve's curvature signature and, more importantly, the methodology
for reconstructing the curve from its curvature signature [3]. Numerous geometers have
examined these inquiries and extended the scope. In 2012, Hickman demonstrated a method for
generating all planar curves that exhibit a specific signature curve [4]. In 2000, Boutin
introduced a 3-dimensional adaptation of the Euclidean signature curve, encompassing
curvature, torsion, and their respective derivatives concerning arc length [5]. In more recent
times, Wu and Li introduced an algorithm for replicating a motion trajectory through the
utilization of the signature curve within the Euclidean space [6,7,8]. The exploration of ruled
surfaces represents an intriguing research domain within surface theory, with applications
spanning various areas in CAD and CAGD [9]. Peternell delved into the reconstruction of
developable surfaces from scattered data points, while Ryuh et al. harnessed ruled surfaces for
robot motion planning [10, 11]. Pottmann et al. explored offsets of rational ruled surfaces [12].
Furthermore, the geometry of ruled surfaces plays a crucial role in the study of kinematic and
positional mechanisms, as demonstrated by Kiihnel, Abdel Baky, Ekici and Coken, Zhang,
Unliitiirk et al. and Ekici et al. [13,14,15,16,17,18]. Similar to the fundamental theorem of
curves, which facilitates the determination of a curve based on curvature and torsion, a similar
structure can be recognized in the field of reconstruction of a ruled surface. In this context, the
signature curve plays a crucial role. The basic rationale behind the inclusion of a signature curve
in a ruled surface reconstruction algorithm stems from the inherent independence of signature
curves with respect to the choice of coordinate systems. As a result, the freedom to add
segments of constant curvature at critical points of the curve is allowed. However, this freedom,
together with an Euclidean transformation, constitutes the only freedom available to preserve
the integrity of the signature curve. Moreover, these curves provide an accurate representation
of the shape of the ruled surface and rigorously capture all its critical geometric features. The
organization of this paper proceeds as follows: Section 2 describes the basic properties inherent
to ruled surfaces. The following section briefly summarises the algorithmic concept governing
the reconstruction of ruled surfaces. Finally, Section 4 analyses the pragmatic applications of
the proposed algorithm, providing several illustrative examples for extensive discussion.

2. Ruled Surfaces

This section is devoted to the so-called ruled surfaces. A ruled surface in Euclidean 3-space
R3 is a (smooth or discrete) one-parameter family of straight lines [9]. We briefly recall some
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basic facts on ruled surfaces. Recall that, using standard parameters u and v, a ruled surface
can be parameterized by

p(u,v) = a(u) +vX(u) (D

where [[X ()| = |IX'(w)|l = 1 and {(a’(uw), X" (w)) = 0.
Here a(u) is the striction line, the parameter u is the arc length of the spherical curve
X(u).
A ruled surface is, up to Euclidean motions, uniquely determined by the following
quantities:

F= (a,X)

Q= det(a, X, X" (2)

J= det(X, X', X")
each of which is a function of u. Conversely, every choice of these quantities uniquely
determines a ruled surface.
Furthermore, the derivative of the striction line is completely determined by F and Q using the
equation

a'=FX+QXAX 3)
where Q is the parameter of the distribution.
In the moving frame, {X, X', X A X'} we have the Frenet type matrix

g X 0 1 011 X
—| x |= [—1 o Jl| x ()
Ylx ax 0 —J ollxax

3. Reconstruction of a Ruled Surface from its Signature

As in the basic known theorem for curves; given curvature and torsion, the curve can be found
by the difference in position. Similar to this structure, the reconstructed regular surface can be
found using the signature curve. Recalling the fact that the ruled surfaces can be completely
determined by F, Q and | we have the following definition.

Definition 2.1 Let ¢ be ruled surface in Euclidean space R3. The signature curve of the ruled

surface is defined by

S(w) = {F(w), Q(w),J (W} )
We can easily see that the signature curve of ruled surface is invariant under translations and
rotation.
This paper aims to formulate an algorithm for the reproduction of the ruled surface based on its
signature, denoted as S. Initially, the reproduction process involves the generation of the ruling
and the striction line. Then, the reproduced ruling and the striction line are combined to
reconstruct the ruled surface.

Firstly, to reproduce the moving frame of ruled surface we use the so called finite difference.
Let u; and u; + Au; be two consecutive points. The derivatives of moving frame vectors
M = {X,X',X A X'} can be obtained by

261



Reconstruction of a Ruled Surface in 3-dimensional Euclidean Space

X(ui + Aui) - X(ui)

@X(ui) =

Aui
d , . X’(ui + Aul) - X,(ui)
I X W) = A, (6)

d

— X ANXDH(u) =

—— (X A X)) T
From Eq. (4) and (6) we can derive the following iteration equation expressed in matrix form
as

X(u; + Auy) 1 Au; 0 X(u;)
X,(ui + Aui) = _Aui 1 ]Aul X,(ui) . (7)
(X AX)(u; + Auy) 0 —JAu; 1 X AXD)(w)

We use this matrix to compute new vectors from old ones.
Since the moving frame vectors are unit vectors, we need to normalize the vectors, then we
have the reproduced moving frame vectors obtained by

~ X(ul + Aul)
X(u; + Au;) =
l l X (u; + Auy)l
~ X'(ui + Aul)
X'(u; + Au;) = - (8)
l l I1X" (u; + Auy) |
— (X A X,)(ui + Aul)
XANX)(u; +Awy) =
XDt 80 = AR Gy + B
where ||. || indicates the Euclidean norm ofa vector.
The reproduced moving frame M (u; + Au;) at the point u; + Au; from M (u;) denoted by
M(ui + Aul) = {X(ui + Aui),’ﬁ(ui + Aui), (X A X’) (ul’ + Aul)} (9)

To the reproduce the moving frame vectors we need the initial motion direction given by
O(uo) = {X(ue), X (o), (X AX")(uo)}

where we set the initial point as u,. Starting from the initial motion direction ®(u,) and the

provided signature S of the ruled surface, by iteratively applying equations (7) and (8), we can

compute the moving frame M (u; + Au;) for all points on the reconstructed ruled surface.

It is no surprise that the reproduced vector X(u; + Au;) can be considered to be the

ruling of the reproduced ruled surface.

Next, we turn our attention to the reproduction of the striction line. To reproduce the

striction line we use again finite difference method. Then, the derivative of the striction

line of the ruled surface is obtained by

a(u; + Auy) — a(u;)
Au; '

d
—au) = (10)

Substituting (3) into (10) gives

a(u; + Auy) = a(u) + A [F(u)X (w) + Q(u) (X A X" (wy)]. (11)
Using the initial starting point a(u,) and (11) we can easily reproduce all the points
of the striction line.
As the final step, combining iteration equations (8) and (11), the reproduced ruled surface
¢@(u; + Au;, v) can be easily constructed in the following form:

ou; + Auy,v) = a(u; + Awy) + vX(u; + Au;) . (12)

To summarize, once the signature data is available, the above equation can be used to
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reproduce all the points of the ruled surface. Therefore, given the initial starting point
a(uy) of the striction line, the initial motion direction ©(u,) of the moving frame, and
iterate equation (12), we can reproduce all the points of the ruled surface.

4. Examples

In this section, we tested the performance of our algorithm. We give some examples as

follows:
Example 3.1 Let us consider the well-known ruled surface helicoid parametrized by
¢(u,v) = (vcosu, vsinu, u). (13)
We have the moving frame as
X(u) = (cosu,sinu,0)
X'(u) = (—sinu,cosu,0) (14)

XAXH(w)= (0,0,1).
F,] and Q are obtained by
F=]=0 Q=1 (15)
In this example, we can simply set the initial motion direction ®(1) in thefollowing
form:
X(H)= (1,00
X'(1)= (0,1,0) (16)
XAXH(1) = (0,01).
The initial point of origin is selected as

a(1) = (10,5,0). (17)

Figure 1. (a) The original ruled surfaces Figure 1. (b) The reproduced ruled surfaces

Now, consider the reconstruction of the ruled surface. At the initial starting point a(1) of
the striction line, the initial motion direction ©(1) of the moving frameof the ruled
surface and signature curve S(u) respectively, are firstly given as input data. Then, we
reproduced the ruled surface with points v € (—3,3) and u; € (1,10) with Au = u;,, — Ay;
for Au = 0.01. The ruled surface, which was produced by the signature of the original
ruled surface, is shown in Figure 1(b). The original ruled surface is illustrated in Figure

263



Reconstruction of a Ruled Surface in 3-dimensional Euclidean Space

1(a). Figure 1(a) and Figure 1(b) show that the original and reproduced ruled surfaces
are similar. They have the same shape (signature curve) but they are not identical in space
position.

Example 3.2 The Wallis' conical edge represents a ruled surface defined by the parametric

equation:
o(u,v) = (vcosu, vsinu,\ 4 — 3COSZu).

The derived calculations yield the expression S(u) as follows:
3cosusinu
S = (0t 0)
V4 — 3cos?u
Assuming that the initial direction of motion ®(—3) and the initial starting point a(—3)
are given by:

X(-3) = (-0.989,-0.141,0)
X'(=3) = (—0.141,-0.989,0)
X AX)(=3)= (0,0,1)
and
a(—3) = (0,0,1.02) (18)
respectively.

Figure 2. (a) The original ruled surfaces Figure 2. (b) The reproduced ruled surfaces

The ruled surface is then reproduced with points v € (—3,3) and u; € (1,10) such that
Au = u;,; — Au; for Au = 0.01. Figure 2(a) and Figure 2(b) show that if we choose the
initial motion direction and the initial starting point identical to the original ruled surface
then the original and reproduced ruled surfaces are completely identical.

Example 3.3 Assume that the signature curve is given as input data in the following form:

Stu) = (—Zu, 0, %)

We start at an arbitrary initial motion direction ®(—4) given by
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X(-4)= (1,0,0)
X'(-4) = (0,1,0) (19)
X AXD(=4) = (0,0,)

In addition, assume we are given the initial starting point of the striction line of the ruled
surface in the following form:

a(—4) = (5,4,3). (20)

Now using a(—4), ©(—4), and S(u), we can produce a ruled surface, illustrated in Figure
3. In Figure 3(a) and Figure 3(b), the appearance of the reconstructed ruled surface is plotted
by rotating it in two different directions. We, here, computed the ruled surface with points
v € (-3,3), u; € (—44), and Au = u;;; — Au; for Au = 0.01.
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Figure 3. (a) The produced ruled surface Figure 3. (b) The reproduced ruled surfaces

Conclusion

This article is devoted to the reproduction of ruled surfaces in Euclidean space. Examples
are reported to show the reproduction algorithm for ruled surfacesis flexible and easy.
The validity and effectiveness of the formulation are checked through several examples.
According to our experiments, the accuracy of the ruled surface reproduction will be
sufficient in most applications. If necessary, it can be improved by reducing the mesh size Au.
For future research our algorithm can be applied to Lorentz space as well. Furthermore, we will

apply this method for surface reconstruction.
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Abstract

A module M is called virtually semisimple (resp. virtually extending) if every submodule (resp.
complement submodule) of M is isomorphic to a direct summand of M. It is known that virtually extending
modules is a generalization of virtually semisimple modules. In this paper, the relationships between virtually
extending modules and other generalizations of virtually semisimple modules are examined. Moreover, we
introduce a new generalization of virtually semisimple modules; namely CH modules: We say a module M is a
c-epi-retractable (or briefly CH module) if any complement submodule of M is a homomorphic image of M.
CH modules contains the class of virtually extending modules and the class of epi-retractable modules. We also
give some basic properties of this new module class.

Keywords: virtually semisimple module, virtually extending module, epi-retractable module, CH module

Her Alt Modiilii Bir Diktoplanana izomorf Olan Modiillerin Genellemeleri Uzerine
Bir Arastirma

Oz

Eger bir M modiiliiniin her alt modiilii (sirasiyla tamamlayici alt modiilit), M modiiliiniin bir dik toplananina
izomorfik ise, M modiiliine sanal yar: basit (sirasiyla sanal genisleyen) modiil denir. Sanal genisleyen
modiillerin, sanal yar1 basit modiillerin bir genellemesi oldugu bilinmektedir. Bu yazida, sanal genisleyen
modiiller ile sanal yar1 basit modiillerin diger genellemeleri arasindaki iligkiler incelenmektedir. Ayrica, sanal
yart1 basit modiillerin yeni bir genellemesini de tanitiyoruz; yani CH modiilleri: Bir M modiiliiniin herhangi bir
tamamlayici alt modiilii, M modiiliiniin bir homomorfik goriintiisii ise, M modiiliine bir epi-c-geri-gekilebilir
modiil (ya da kisaca CH modiil) olarak adlandiriyoruz. CH modiillerin sinifi, sanal genigleyen modiillerin sinifim

ve epi-geri-gekilebilir modiillerin smifini igerir. Ayrica bu yeni modiil sinifinin bazi temel 6zelliklerini de
veriyoruz.
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1. Introduction

Throughout this note, any ring is associative with unity and is denoted by R, any module
is unital right module. Some notations, which we will use in this paper, are listed below:

A<M : A is a submodule of M.

A<M : A is a complement (closed) submodule of M.
AL M : A is an essential submodule of M.

A<® M : A is a direct summand of M.

As® M : A is isomorphic to a direct summand of M.
A=B : A is isomorphic to B.

E(M) : The injective hull of M.

Homgz (M, N) : The set of all R-homomorphisms from M to N.
Endgr(M) : The endomorphism ring of M.

We recall some of the definitions we used throughout the article: A submodule C of M
is called closed if for any A < M such that C <°*°* A in M, we have C = A. A submodule C of
M is called complement of a submodule A of M if C is maximal with respect to the property that
CNA=0. In modules, being a closed submodule is equivalent to being a complement
submodule [1, 1.10].

A module M is called semisimple if for any X < M, we have X <® M (see [1, 1.15]).
Semisimple modules and rings has significant role in module and ring theory. In 2018, the
authors [2] introduced and investigated a new module class, namely virtually semisimple
modules: A module M is called virtually semisimple if for any X < M, we have X <® M. For
virtually semisimple rings, they proved a generalization of the reowned Weddernburn-Artin
theorem (which characterize semisimple rings). Later, this interesting module family and
related concepts were studied by many algebraist. Karabacak and his co-author(s) introduced
several generalizations of virtually semisimple modules: Generalized SIP and SSP modules,
and virtually extending modules [3,4,5]. Virtually extending modules is a generalization of both
virtually semisimple modules and extending modules: A module M is called extending or CS
(resp. virtually extending) if for any X <¢ M, we have X <® M (X <® M). The authors proved
a generalization of the Osofsky-Smith Theorem in [3].

At the beginning of the study, we provide some equivalent definitions for virtually
extending modules (Theorem 2). Then the relationships among the generalizations of virtually
semisimple modules are examined. We proved in Propositions 3 and 4 that any virtually
extending UC module has GSIP, any virtually extending module with CSP has GSSP. Then, a
new module class, which are called CH modules, is introduced and its basic properties are
examined. A module M is called CH if any complement submodule of M is a homomorphic
image of M. An example is given in Example 9 that the CH condition is not inherited by direct
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summands. After giving this example, we ensure some results on the CH condition to be
inherited by direct summands and direct sums (Propositions 10, 11 and 12). We also give some
results about that when CS, virtually extending and CH modules coincide (Proposition 13, 14
and 15). In Theorem 17, a characterization of quasi-projective virtually extending modules is
given by using CH modules: A module M is virtually extending and quasi-projective if and only
if it is a CH module and all of its complement submodules are M-projective. In Theorem 18, it
is proved that if a module M is morphic and CH, then M is finitely generated if and only if M
is CF (i.e., any closed submodule is finitely generated).

2. Results

We begin the paper by giving some equivalent definitions for virtually extending modules.
Theorem 2. The next statements are equivalent for a module M:

a. M is virtually extending.

b. Forany X < M, there exists a Z <¢ M such that X < Z and Z <® M.

c. Forany X, Y <M withXNY =0, thereexistsaZ < M suchthatY <Z, XNZ=0
and Z s® M.

d. For given e? = e € End(E(M)), there exists d?> = d € End(M) such that eE(M) N
M = dM.

Proof. (a) = (c) Let M be virtually extending, X,Y < M with X N Y = 0. There exists a Z <
M satisfying that Y < Z and Z is complement of X in M. By (a), Z <® M.

(c) = (a) Let Y <¢ M. There exists a X < M satisfying that Y is complement of X in M. By
(c), there exists a Z <¢ M satisfying that Y < Z, X NZ = 0 and Z <® M. Since Y <° M, then
Y =127

(a) = (b) Let X < M. There exists a Z <¢ M satisfying that X <5 Z. By (a), Z s® M.

(b) = (d) Suppose (b) holds. Then eE(M) N M <°5 C <° M such that C = D <® M. It
implies that eE(M) = E(C) and so, C < eE(M) N M. Thus C = eE(M) N M. Now, by (b),
there exists a d? = d € End(M) satisfying that C = eE(M) N M = dM = D.

(d) = (a) Let A < M. There exists a N < M such that A <®* N <¢ M. Then, we have
A <& N <& E(N) <® E(M).
Then, there exists a e? = e € End(E(M)) satisfying that eE (M) = E(N). Since N <5 E(N)
and M <%° M and by [6, Lemma 1.1(2)], wehave NN M = N <% E(N) N M. Now
N<*SSE(N)NM < M.
Since N <¢ M, we have N = E(N) N M, and hence N = eE(M) N M. By (d), there exist d? =
d € End(M) satisfying that eE(M) N M = dM. Therefore, M is virtually extending.

A module M is said to have GSIP if forany X,Y <® M, wehave X NY <® M [4]. M
is called UC if and only if for any X,Y < M, wehave X NY < M [7].
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Now, we give a result showing that virtually extending modules are related to modules
having GSIP.

Proposition 3. If a module M is both virtually extending and UC, then M has GSIP.

Proof. Let X,Y <® M. Clearly, X,Y <¢ M. Since M is UC, we have X NY <¢ M. Now, X n
Y <® M because M is virtually extending. It means that M has GSIP.

A module M is said to have GSSP if for any pair of X,Y <® M, wehave X + Y s® M
[5]. M is said to have closed sum property (CSP) if for any X,Y < M, we have X +Y <° M

[8].

Now, we give a result showing that virtually extending modules are related to modules
having GSSP.

Proposition 4. If a module M is virtually extending and has CSP, then M has GSSP.

Proof. Let X,Y <® M. Clearly, X,Y <¢ M. Since M has CSP, we have X +Y <¢ M. Now,
X +Y <® M because M is virtually extending. It means that M has GSSP.

In the next section, we introduce a new generalization of virtually semisimple modules.

Khuri [9] calls a module M retractable if for every X < M, there exists a t € Endy (M)
satisfying that T(M) € X (i.e., Hom(M,X) # 0).

Ghorbani and Vedadi [10] call a module M epi-retractable if for every X < M, there
exists a T € Endi (M) satisfying that (M) = X.

Chatters and Khuri [11] call a module M c-retractable if for every X <¢ M, there exists
aT € Endgz (M) satisfying that t((M) € X (i.e., Hom(M, X) # 0).

Now, we introduce c-epi-retractable modules which is a generalization of epi-retractable
modules:

Definition 5. We call a module M c-epi-retractable if for any X <¢ M, there exists a T €
Endg (M) satistying that T(M) = X.

As it can be seen from the definition, since the complement submodules are the
homomorphic image of the module M, we will briefly call this module class as CH modules,
where, "C" is the first letter of the word "complement" and "H" is the first letter of the word
"homomorphic".

First, we should state that any CS module is a CH module. More generally we have the
following hierarchy:

CS ——» c-epi-retractable (CH) —— » c-retractable
I II

1Y%
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o

epi-retractable e retractable
In the next theorem, we give some equivalent conditions for CH modules:
Theorem 6. The next statements are equivalent for a module M:

a. M isa CH module.
b. Forany X < M, there exists a Z < M such that X <®°° Z and Z is homomorphic image
of M.
c. Forany X, Y <M withXNY =0, there existsaZ < M suchthatY <Z, XNZ =0
and Z is homomorphic image of M.
. There exist epimorphisms M - N and N —» M for some CH module N.
e. There exists an epimorphism M /X — M for some CH factor module M /X.

Proof. (a) = (b) Let X < M. There exists a Z < M satisfying that X < Z. By (a), Z is
homomorphic image of M.

(b) = (a) Let X <° M. By (b), there exists a Z <¢ M satisfying that X <®° Z and Z is
homomorphic image of M. Thus X = Z, and hence M is CH.

(a) = (c) Assume M is CH. Let X,Y < M with X N Y = 0. There exists a complement Z of X
in M satisfying that Y < Z. Then Z is homomorphic image of M by the hypothesis.

(c) = (a) Let Y <° M. There exists X < M such that Y is complement of X in M. By the
hypothesis, there exists a Z <¢ M satisfying that Y < Z, X N Z = 0 and Z is homomorphic
image of M. ThenY = Z, and M is CH.

(a) = (d) Clear.

(d) = (e) Suppose that there exists a CH module N and epimorphisms f:M - N, g:N - M.
Say X = Ker(f). Then, f induces an isomorphism f: M/X — N. Thus, M/X is a CH module.

(e) = (a) Let C <° M. By our assumption, there exists an isomorphism f: M /Y — M for some
submodule Y of M with X € Y. Let f(A/Y) = C for some A <¢ M. Since A <¢ M and by [7,
Corollary 2(ii)], we have A/X < M/X. Since M /X is CH, then there exists an epimorphism
h:M/X - A/X. Consider g:A/X - A/Y with g(a+X)=a+Y, and the canonical
epimorphism : M - M/X. Then, the map fghm: M — C is an epimorphism, and hence M is
CH.

Example 7. Let M be an R-module as in [12, Example 2.6 or 2.7]. The authors show that M is
CS (and hence CH) but not retractable (and hence not epi-retractable). Thus the reverse
implication of (III) in above diagram doesn't hold, in general. Another example can also be
given: the Z-module Q which is CH but not retractable (see [10, Remark 2.12]).

272



A Research on the Generalizations of Modules Whose Submodules are Isomorphic to a Direct Summand

As prior studies have indicated that the direct sum of CS (uniform) modules need not to
be a €S module [13]. The next is a well-known example of this. In addition, the next example
is a CH module.

Example 8. Let p be a prime number. The Z-module Z;,, @ Z,3 is a CH module because every

finitely generated module over a PID is epi-retractable (see [10, Example 2.4(3)]). But it is not
CS (see [13, p. 56]). Hence the reverse implication of (I) in above diagram doesn't hold, in
general.

As prior studies have indicated that the CS property is inherited by direct summands
[13], but the next example shows that the CH condition is not inherited by direct summands.

Example 9. [10, Remark 2.12] Let F be a free Z-module with an infinite countable basic set
and A be any countable Z-module which is not CH. Then M; = [F € A is epi-retractable by [ 10,
Remark 2.12], and hence it is CH.

In the next results, we give some conditions which ensure that direct summands of CH
modules are again CH.

Proposition 10. Let M be a CH module. Then

a. M/F is a CH module for any fully invariant complement submodule F of M.
b. IfM = M1 @ MZ SuCh that HomR (Ml' Mz) = O, then MZ IS CH.

Proof. (a) Let F be a fully invariant complement submodule of M, and C/F be any complement
submodule of M /F. Since F <¢ M and C/F <° M /F,we have C <° M by [7, Corollary 2(iii)].
Then there is an epimorphism e:M — C. Now, €(F) € F by our assumption, and hence
€ M/F - C/F with é(m + F) = e(m) + F is an epimorphism. It means that M /F is CH.

(b) Note that End, (M) = [FTr(M1)  HomeWMa, M) 0 or i gy [’%1] c [Ml].

0 Endg (M) 0
It implies that M; @ 0 is a fully invariant submodule of M. Now, we get result applying (a).

More generally, we can give the following result.

Proposition 11. Let M = @;¢; M; be an R-module with Endgz (M) is abelian. Then M is CH if
and only if each M; is CH.

Proof. First we note that Endg (M) is abelian if and only if any direct summand of M is fully
invariant in M (see [14, Theorem 4.4]).

(=:) It is immediate by Proposition 10(b).

(&:) Assume each M; is CH and let C < M. Then by [15, Lemma 2.1], C = @;¢;(C N M;).
Clearly, C N M; <¢ M; for each i € I. Since each M; is CH, for any i € I there exists f; €
Endg(M;) such that f;(M;) = C N M;. Now we can define the epimorphism
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r=@rPm - Peam

i€l i€l iel
Consequently,

fon =P ron =P (@ Ml-> -Peam=c

iel il i€l iel
as desired.

Proposition 12. Let M = @;¢; M; be a UC R-module. Then M is CH if and only if each M; is
CH.

Proof. (=:) Let M be both CH and UC. Suppose D <® M and A < D. Since M is CH, by
Theorem 6, there exists a € <¢ M such that A <°*° C and C is homomorphic image of M. On
the other hand, there exists a K <¢ D such that A <¢%° K. Then, clearly, C,K <¢ D. Since M
1s UC, we have C = K. It means that D is CH.

(&:) Assume each M; is CH and let C < M. Then, by [6, Lemma 6], C N M; <° M; forall i €
1. Since each M; is CH, for any i € [ there exists f; € Endg(M;) such that f;(M;) = C N M;.
Now we can define the epimorphism

r=rPm - Penm

i€l i€l i€l
The proof follows by the argument which we use in the proof of Proposition 11.

Now, in the next three results, we show the relationship between CH modules and some
other known module classes.

The authors [16] call a module M is Rickart if Ker(€) <® M for every € € Endgz(M).
Clearly, the following implications is true for an R-module M:

M is CS = M is virtually extending = M is CH.

The module in Example 8 is a CH module but not virtually extending. On the other hand
an example of virtually extending module which is not CS is given in [3, Example 2.1].

The next result illustrates that the class of virtually extending modules and the class of
CH modules coincide when the module is Rickart:

Proposition 13. Let M be a Rickart module. Then M is virtually extending if and only if M is
CH.

Proof. (=:) Clear.

(&:) Let X <€ M. Since M is CH, there exists an epimorphism e: M — X. Let i: X - M be the
inclusion map. We have, Ker(ie) = Ker(e) <® M because of Rickartness. Then M/
Ker(€) = Im(e). Therefore, Im(e) = X <® M, as desired.
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Corollary 14. Let R be right hereditary ring. Then every projective CH right R-module M is
virtually extending.

Proof. Let X <¢ M. Since M is CH, there exists an epimorphism €: M — X. Since R is right
hereditary, X is projective, and hence Ker(€) <® M. Therefore, Im(e) = X <® M, as desired.

The authors [17] call a module M is dual Rickart if Im(€) <® M for every € €
Endgr(M).

Proposition 15. The next statements are equivalent for a dual Rickart module M:

a. MisCS.
b. M is virtually extending.
c. MisCH.

Proof. (a) = (b) = (c) Clear.

(c) > (a) Let X <° M. Since M is CH, there exists an epimorphism €: M — X. We have
Im(e) = X <® M because of dual Rickartness. Hence, M is CS.

M is called C2 if for any X <M with X <® M, we have X <® M. M is called
continuous if it is CS and C2 [18].

Corollary 16. Any dual Rickart CH module is continuous.
Proof. By [17, Proposition 2.21], M is C2. Now, it is clear by Proposition 15.

Let M and P be R-modules. P is M-projective if and only if Homg (P, —) is exact with
respect to all exact sequences 0 - K - M — N — 0. If P is P-projective, then P is also
called quasi-projective (see [19, p.148]).

In the next theorem, we give a characterization of quasi-projective virtually extending
modules with using CH modules.

Theorem 17. A module M is virtually extending and quasi-projective if and only if it is a CH
module and all of its complement submodules are M-projective.

Proof. (=:) M is CH because any virtually extending module is CH. Since M is virtually
extending then any complement submodule of M is isomorphic to a direct summand of M. Thus
by [19, Proposition 18.1], all complements submodules of M are M-projective.

(&:) Let X < M. Since M is CH, there exists an epimorphism e: M — X. Since X is M-
projective, we have Ker(€) <® M by [18, Lemma 4.30]. For some K < M, M = Ker(e) @
K.Then K = M/Ker(e) = Im(e) = X, i.e, X S® M. Thus, M is virtually extending. Again by
[19, Proposition 18.1], M is quasi-projective.

The authors [20] call a module M morphic if for any € € Endg(M), M/Im(e) =
Ker(€); or equivalently, if for any X,Y < M with M/X = Y then M/Y = X.
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Nguyen V. Dung [21] call a module M CF if any closed (complement) submodule is
finitely generated. Now, it is proved that if a module M is morphic and CH then M is finitely
generated if and only if M is CF.

Theorem 18. The next statements are equivalent for a morphic module M:

1) Every closed submodule of M is isomorphic to an image of M (i.e, M is CH).
2) Forany X <¢ M, M /X is isomorphic to a submodule of M.

In this case, the next statements hold:

a) IfX,Y < MthenM/X =M/Y ifandonly if X =Y.
b) M is finitely generated if and only if M is CF.

Proof. (1) = (2): Let X < M. By (1), there is a Z < M satisfying that M/Z = X. Since M is
morphic, we have M /X = Z. So, (2) holds.

(2) = (1):Let X <¢ M.By(2),thereisa Z < M satisfying that M /X = Z. Since M is morphic,
we have M/Z = X. So, (1) holds.

(a) (=:) Let X,Y < M with M/X = M/Y. By (2), there exists a Z < M such that M/X =
M/Y = Z. Since M is morphic, we have X = Y = M/Z.

(<) LetX,Y < M with X =Y. By (2), there is a Z < M such that M /X = Z, and there is a
T < M such that M/Y = T. Since M is morphic, we have M/Z = X = Y = M/T. Now, we
have M/Z = Y. Now again, since M is morphic, M /Y = Z. On the other hand, we have just
said above that M /X = Z. Thus, M/Y = Z = M/X.

(b) (=:) Let X <¢ M. By (1), there is a Z < M such that M/Z = X. Thus, X is finitely
generated because M is finitely generated. Hence M is CF.

(&:) Clear.
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Abstract

The AT-hook motif nuclear localized family (AHL) is defined as a small DNA-binding protein motif,
functioning as a transcription factor. This transcription factor family plays a significant role in influencing plant
growth, development processes, and the response mechanism to environmental stresses. In Phaseolus vulgaris
(common bean) genome, 41 AHL genes have been identified. Using in silico bioinformatics tools, the
characteristic features of AHL genes, their exon-intron structures, chromosomal locations of AHL genes,
conserved motifs, promoter regions, duplication relationships, protein features of AHL proteins, protein-protein
interactions, and the expression levels of AHL genes against drought and salinity stresses have been studied.
Additionally, a phylogenetic comparison of P. vulgaris with Arabidopsis thaliana and Glycine max has been
conducted. The amino acid lengths of these proteins vary between 167 and 422, with the molecular weights of
the gene family ranging from 18.19 kDa to 45.13 kDa. The isoelectric points (pI) of the AHL proteins vary
between 4.5 and 10.3. AHL genes are dispersed across all chromosomes of the bean, with the highest number
of genes found on chromosomes 6 and 8. In P. vulgaris, 14 duplicated genes have been identified, and
subsequent Ka/Ks analysis has revealed that all are subject to purifying selection. The findings from this
research will aid future functional studies in better understanding the functions of AHL genes in beans.
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Genome-Wide Analysis and Characterization of the AHL Gene Family in Common Beans (Phaseolus
vulgaris L.)

Fasulye’de (Phaseolus vulgaris L..) AHL Gen Ailesinin Genom Caph Analizi ve Karakterizasyonu
Oz
AT-hook motifi niikleer lokalize ailesi (AHL), kii¢iik bir DNA baglayict protein motifi olarak tamimlanmis ve bir
transkripsiyon faktorii olarak gérev yapmaktadir. Bu transkripsiyon faktorii ailesi, bitki bilyiime ve gelisme siireglerini ve
cevresel streslere verilen yanit mekanizmasimi etkilemede Snemli bir rol oynamaktadir. Phaseolus vulgaris (fasulye)
genomunda 41 AHL geni tammlannustir. In silico biyoinformatik araglar kullamlarak, AHL genlerinin karakteristik
ozellikleri, ekzon-intron yapilari, AHL genlerinin kromozomlardaki yerlesimleri, korunmus motifleri, promotor bdlgeleri,
duplikasyon iligkileri, AHL proteinlerinin protein dzellikleri, protein-protein etkilesimleri ve kuraklik ile tuzluluk streslerine
karst AHL genlerinin ifade diizeyleri incelenmistir. Ayrica, P. vulgaris’in Arabidopsis thaliana ve Glycine max ile
filogenetik iligkisi belirlenmistir. Bu proteinlerin amino asit uzunluklar1 167 ile 422 ve molekiiler agirliklari ise 18.19 kDa
ile 45.13 kDa arasinda degismektedir. AHL proteinlerinin izoelektrik noktalar1 (pI) 4,5 ile 10,3 arasinda degismektedir.
Pvul-AHL genleri fasulyenin biitiin kromozomlarina yayilmis olup, en fazla gen 6 ve 8 numarali kromozomlarda
bulunmaktadir. P. vulgaris’te 14 duplike olmus gen tespit edilmis ve ardindan yapilan Ka/Ks analizi, tiimiiniin arindirici
seleksiyona tabi oldugunu gostermistir. Bu arastirmadan elde edilen bulgular, gelecekte yapilacak fonksiyonel ¢caligmalarin
fasulyedeki AHL genlerinin islevlerini daha iyi anlamamiza yardimci olacaktir.
Anahtar Kelimeler: AHL motif, DNA baglanma proteini, PPC/DUF296, Genome-Wide Analysis

1. Introduction

P. vulgaris are acknowledged as the primary food supply for millions of people in
underdeveloped nations and a significant source of total protein, nutrients, and energy on a
global scale. 100 grams of P. vulgaris provide 60 grams of carbs, 20 to 25 grams of protein,
and 0.7 to 1.5 grams of fat. The P. vulgaris structure also includes these macromolecules as
well as varying levels of other vitamins, minerals, and phytochemicals [1, 2].

Plant genomes have expanded and diversified rapidly from their common ancestor throughout
the evolutionary process, beginning with the colonization of land plants. In this process, some
genes that regulate important growth and development processes of plant species increased in
number and gradually became multi-member gene families [3, 4, 5]. One of these gene families,
the AT-hook motif nuclear localized (4HL) family, a small DNA binding protein motif, serves
as a transcription factor and is found in all ordered dicot and monocot land plants. AT-hook
motif and the plants and Prokaryotes Conserved Domain (PPC/DUF296) found in AHL proteins
are two highly conserved domains [5].

The DNA-binding protein AHL was first discovered in the high mobility group (HMG-I/Y) of
mammalian nonhistone chromosomes, and later discovered in prokaryotes and plants [5, 6, 7].
According to conserved amino acid sequences, AHL falls into two main categories: Type-I
motifs with the consensus sequences Gly-Ser-Lys-Asn-Lys and Type-II motifs with the Arg-
Lys-Tyr. The Arg-Gly-Arg-Pro sequence is preserved in both type 1 and type 2 motifs. The
primary distinction between the conserved Arg-Gly-Arg sequence and other transcription
factors is its ability to bind to the AT-rich minor groove of B-form DNA. About 120 amino
acids make up the PPC domain, which is found at the carboxyl terminus of the AT-hook motif
and is in charge of the nucleus localization of the AHL protein [8]. Their nuclear localization
and interactions with other proteins are controlled by the PPC domain. They can also interact
with some transcription factors and form homo- or hetero-oligomers with other AHLs [9].
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AHL gene family members play important roles in different growth and development processes
such as pollen development [10], flower development [11], regulation of flowering time [12],
hypocotyl elongation [5], leaf aging [13], differentiation of vascular tissues [5], homeostasis of
gibberellins [14], and regulation of auxin-related gene expression with jasmonic acid [15]. In
addition, 4HLs are involved in the response to biotic and abiotic stress [16]. In a study
conducted in rice, the OsAHL1 gene was reported to positively regulate drought-affected genes
to increase tolerance and resistance to abiotic stimuli such as salt and cold [17]. The AHL genes
are known to have significant implications in several aspects of plant growth and development,
as well as in the plant’s ability to respond to both biotic and abiotic stressors. These genes
achieve this by modulating the expression of target genes or by engaging in protein-protein
interactions with other molecules [18].

So far, varying numbers of AHL gene family members have been identified in different plants:
29 in Arabidopsis thaliana (L.) Heynh. [14], 20 in Oryza sativa L. [18], 22 in Sorghum bicolor
(L.) Moench [5], 37 in Zea mays L. [16], 48 in Gossypium raimondii Ulbr., 51 in Gossypium
arboreum L., 99 in Gossypium hirsutum L. [20], 47 in cultivated carrot (Daucus
carota subsp. sativus) [21], 63 in Glycine max L. Merr [22], 37 in Populus trichocarpa [8], 14
in Vitis vinifera L. [23] and 122 in Brassica napus L. [24], 42 in Brassica rapa L. [25] and 22
genes in peach (Prunus persica) [26]. However, the AHL gene family has not been
characterized in the Phaseolus vulgaris. Thus, the aim of this study was to determine the AHL
gene family in P. vulgaris and to characterize it genome-wide by in silico methods. This study
possesses a high level of originality as it is the first in the literature to focus on the AHL genes
of P. vulgaris.

2. Material and Method
Determination of AHL Genes

The sequences of the AHL gene family in P. vulgaris [27], A. thaliana [28] and G. max [29]
genomes were obtained from the Phytozome database v13 [30] using the Pfam Accession
Number (PF02178) [31]. In addition, The SMART database (Simple Modular Architecture
Research Tool) was used to confirm the presence of AHL proteins [32].

Sequence Alignment and Phylogenetic Analyses

The protein sequences of the members of the AHL gene family in the genomes of P. vulgaris,
A. thaliana and G. max species were aligned using the Multiple Sequence Alignment by
CLUSTALW tool [33] and the phylogenetic tree was constructed using MEGA 11 program by
the neighbor-joining (NJ) method with 1000 bootstrap replicates. Subsequently, the aligned
protein sequences were used to construct a phylogenetic tree using the ITOL (Interactive Tree
of Life) tool [34].

Identification of AHL Proteins in the P. vulgaris Genome
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The amino acid count, molecular weight (kDa), theoretical isoelectric point (pI), and stability
of AHL proteins in P. vulgaris were determined using the “ProtParam tool” [35].

Determination of the structure and chromosome location and promoter region analysis

The exon and intron regions of the P. vulgaris AHL proteins were determined using the GSDS
(Gene Structure Display Server v2.0) [36]. The chromosomal locations and sizes of P. vulgaris
AHL genes were determined via the Phytozome database v13 and mapped with the MapChart
program [37]. Each member of the P. vulgaris AHL gene family had roughly 2000 bp of DNA
extracted from the 5 upstream region, and cis acting element analysis was done using the
PlantCARE database [38].

Gene duplications of AHL genes and identification of conserved motifs

Multiple EM for Motif Elimination (MEME) tool [39] was used to detect conserved motifs of
P. vulgaris AHL genes. The maximum number of motifs was determined as 10 and the width
range was at least 2 and maximum 50. Gene duplications were determined using the MCScanX
(The Multiple Collinearity Scan Toolkit) tool in TBtools program. Synonym ratios (Ks),
nonsynonymous ratios (Ka), and evolutionary strains (Ka/Ks) between binary pairs of genes
were calculated using the TBtools program [40].

Synteny analysis

The duplications of AHL genes in P. vulgaris, A. thaliana, and G. max were identified using the
MCScanX tool (The Multiple Collinearity Scan Toolkit) and were visualized using the TBtools
program [40].

Protein-protein interactions (PPI)

Pvul-AHL protein-protein interactions (PPI) were identified at the physical, functional, and
experimental levels using the STRING database [41].

In silico gene expression analysis

Illumina RNA-seq data were obtained from the Sequence Read Archive (SRA) data bank in the
National Center for Biotechnology Information (NCBI) database. We used accession numbers
for salt and drought conditions to locate pertinent RNA-seq data. The following leaf types were
used: leaf under salt stress (SRR957668), leaf under drought stress (SRR8284481), and leaf
under drought control (SRR8284480) [42]. Gene expression levels were normalized using the
Read per Kilobase (RPKM) technique [43]. The CIMMiner tool was used to create a heatmap
[44].

3. Results and Discussion

Determination and Characteristics of AHL Genes
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AHL genes corresponding to P. vulgaris, A. thaliana, and G. max were extracted from the
Phytozome database using the Pfam Accession Number. In this process, 41 genes from P.
vulgaris, 32 genes from A. thaliana, and 65 genes from G. max were identified. These genes
were then systematically numbered based on their chromosomal sequences. To enhance clarity
in the manuscript, abbreviations were used for the nomenclature of the AHL genes specific to
P. vulgaris. The details of these genes, including their abbreviations, Phytozome Transcript
IDs, chromosomal locations, start and end points, and strand orientations, have been presented
in Table 1. Upon examining the AHL proteins of P. vulgaris, it was observed that the amino
acid counts of the genes ranged from 167 to 422. The protein with the shortest amino acid
sequence was identified as Pvul-AHL-19 (167 amino acids), while the one with the longest
sequence was Pvul-AHL-15 (422 amino acids). A correlation was noted between their
molecular weights and amino acid lengths. Among these proteins, 21 were found to exhibit
acidic or near-neutral acidic characteristics, and 22 proteins exhibited basic or near-neutral
basic characteristics. In the analysis of the 41 AHL proteins, 6 were determined to be stable,
while the remaining were identified as unstable (Table 1).

Table 1. Information about Pvul-AHL genes

Phyt MW
ytozome Chr Start End  Strand  aa pl  Stabitily

ID
Gene Transcript ID (kDa)

Pvul-AHL-1 Phvul.001G081632.1  Chr01 12159318 12160837  reverse 278 28.80 5.54 unstable
Pvul-AHL-2 Phvul.001G234600.1 Chr01 48832896 48834455 reverse 287 30.43 5.55 unstable
Pvul-AHL-3 Phvul.002G006700.1  Chr02 698485 703324 forward 351 36.74 8.34 unstable
Pvul-AHL-4 Phvul.002G006900.1 Chr02 722290 723601 reverse 272 28.61 5.8 unstable
Pvul-AHL-5 Phvul.002G118500.1  Chr02 25245881 25247521  reverse 208 23.14 4.86 unstable
Pvul-AHL-6 Phvul.002G151600.1  Chr02 30512278 30513948 forward 299 31.19 6.63 unstable
Pvul-AHL-7 Phvul.002G157300.1  Chr02 31183111 31187446 reverse 355 36.29 9.94 unstable
Pvul-AHL-8 Phvul.002G288900.1  Chr02 45766457 45770953  reverse 358 36.51 9.71 unstable
Pvul-AHL-9 Phvul.003G195100.1  Chr03 41924534 41925104 forward 189 20.24 5.61 unstable
Pvul-AHL-10 Phvul.003G216000.1  Chr03 44318578 44323527 reverse 326 33.28 9.08 unstable
Pvul-AHL-11 Phvul.003G216200.1  Chr03 44377183 44379047 forward 284 29.84 6.11 unstable
Pvul-AHL-12 Phvul.003G230500.1 Chr03 46212036 46217232 forward 368 37.36 9.24 unstable
Pvul-AHL-13 Phvul.003G230600.1  Chr03 46229664 46230522  reverse 285 30.07 5.87 unstable
Pvul-AHL-14 Phvul.004G127200.1  Chr04 42321598 42327649  forward 334 34.77 5.87 unstable
Pvul-AHL-15 Phvul.005G127900.1  Chr05 36564911 36567434  reverse 422 45.13 4.87 unstable
Pvul-AHL-16 Phvul.006G007200.1  Chr06 1056593 1057256 reverse 220 23.49 7.13 unstable
Pvul-AHL-17 Phvul.006G007300.1  Chr06 782344 782962 forward 205 22.76 4.5 unstable
Pvul-AHL-18 Phvul.006G013800.1  Chr06 6443800 6444580 reverse 259 28.12 8.9 unstable
Pvul-AHL-19 Phvul.006G016300.1  Chr06 7617513 7620976 reverse 167 18.19 10.3 stable

Pvul-AHL-20 Phvul.006G031000.1 Chr06 11868121 11868781 forward 219 23.69 7.71 stable

Pvul-AHL-21 Phvul.006G031100.1  Chr06 11882688 11883287 forward 188 20.22 5.67 stable

Pvul-AHL-22 Phvul.006G031200.1  Chr06 11927780 11928392 forward 203 21.90 9.75 stable

Pvul-AHL-23 Phvul.006G106500.2  Chr06 21587154 21592842  reverse 363 38.46 9.34 unstable
Pvul-AHL-24 Phvul.007G129400.1  Chr07 14122140 14123194  reverse 310 31.76 6.26 unstable
Pvul-AHL-25 Phvul.007G111600.1  Chr07 20569440 20576763  reverse 331 34.96 8.37 unstable
Pvul-AHL-26 Phvul.007G223900.1  Chr07 34761172 34765536 forward 377 39.11 6.85 stable

Pvul-AHL-27 Phvul.007G271800.1  Chr07 39308747 39309554  reverse 268 27.17 5.3 unstable
Pvul-AHL-28 Phvul.008G050100.1  Chr08 4352524 4353889  forward 271 27.99 5.83 unstable
Pvul-AHL-29 Phvul.008G065900.1  Chr08 6037682 6044398  forward 341 35.16 9.86 unstable
Pvul-AHL-30 Phvul.008G076100.1  Chr08 7332658 7337374  forward 332 34.47 9.4 unstable
Pvul-AHL-31 Phvul.008G181100.1  Chr08 51225879 51226665 reverse 261 27.29 7.72 unstable
Pvul-AHL-32 Phvul.008G192600.1  Chr08 53291708 53292560 reverse 283 29.51 4.79 unstable
Pvul-AHL-33 Phvul.008G231500.1  Chr08 53537135 53538349  reverse 248 26.45 9.14 unstable
Pvul-AHL-34 Phvul.008G200900.1  Chr08 54741078 54741993 forward 253 27.48 5.1 unstable
Pvul-AHL-35 Phvul.008G264600.1  Chr08 61064853 61065423  reverse 189 20.39 5.86 unstable
Pvul-AHL-36 Phvul.009G008300.1  Chr09 1270665 1274490 reverse 369 37.70 10 unstable
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Pvul-AHL-37 Phvul.009G144300.1  Chr09 21607296 21608142  reverse 281 29.32 6.79

unstable
Pvul-AHL-38 Phvul.010G085300.1  Chrl0 23954897 23956568 reverse 310 31.92 7.2 unstable
Pvul-AHL-39 Phvul.010G084600.1  Chrl0 24191274 24197814 forward 356 36.56 9.08 unstable
Pvul-AHL-40 Phvul.010G097000.1  Chrl0 36212885 36218337 reverse 340 34.87 9.87 unstable

Pvul-AHL-41 Phvul.011G089400.1  Chrl1 8654261 8657512 forward 373 38.93 5.74

stable
*:aa: aminoacid length, pI: theoretical isoelectric points, Chr: Chromosome.

Phylogenetic Analysis of AHL Genes

The AHL genes’ protein sequences from P. vulgaris, A. thaliana, and G. max were aligned in
ClustalW, and a phylogenetic tree was constructed using the Megall program. The ITOL
online tool was used to colorize the phylogenetic tree branching. According to this analysis,
AHL proteins are basically divided into two classes: Clade A and Clade B. Clade A contains
Type I AHL proteins, while Clade B contains Type II and Type III AHL proteins. There are 16
bean, 16 A. thaliana, and 31 soybean AHL proteins in the Clade A group. In the Clade B group,
there are 25 bean, 16 4. thaliana, and 34 soybean AHL proteins. When the phylogenetic tree
was examined, Type I AHLs were clearly separated from the others, while Type II and Type 111
AHLs showed mixed branching (Figure 1). A similar branching pattern was observed in the

phylogenetic trees generated from maize, rice, sorghum, and 4. thaliana [45] and P.
trichocarpa, A. thaliana, and O. sativa [8)].

(THV 111 pue [1-2dA1) 4 3P®eID

Figure 1. Phylogenetic tree illustrating the relationship of AHL family in P. vulgaris, A.
thaliana and G. max. The phylogenetic tree was drawn with AHL proteins from P. vulgaris, A.
thaliana and G. max. AHL full-length amino acid sequences from P. vulgaris and 2 other species
are aligned by Clustal W and the phylogenetic tree was constructed using MEGA 11 program
by the neighbor-joining (NJ) method with 1000 bootstrap replicates. AHL proteins are basically
divided into two classes: Clade A (green) and Clade B (blue).

Structure of AHL Genes
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The similarity in the intron/exon structures of homologous and paralogous genes across
different species can be utilized as an indicator to assess the evolutionary proximity or distance
between these species [46]. It has been discovered that some genes of P. vulgaris contain only
one exon region, while others have multiple. The highest number of exons (6) and introns (5)
were observed in the Pvul-AHL-23 gene. Variability in the structures and numbers of exon and
intron regions was observed to be dependent on the branches in the phylogenetic tree of P.
vulgaris. In 19 genes, no intron regions were present, containing only a single exon region.
Additionally, 16 genes were found to have 5 exon regions and 4 intron regions. It was
determined that the identified Pvul-AHL genes are located on all chromosomes of P. vulgaris
(Figure 2). The 6th and 8th chromosomes were found to have the highest number of AHL genes,
with 8 each (Figure 3).
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Figure 2. The length and position of exons and introns in the Pvul-AHL genes. The blue lines
represent 5'-UTR or 3'-UTR, yellow boxes indicate exons, and black lines exhibit introns.
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Figure 3. Chromosomal locations of P. vulgaris AHL genes. Distribution of the AHL genes
on P. vulgaris chromosomes according to the linkage map.

Conserved Motifs of AHL Genes
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Figure 4. Distribution of predicted motifs in AHL genes in P. vulgaris. Predicted motif
distribution in Pvul-AHL proteins identified MEME suite program. The motifs are exhibited
with a specific color.

The conserved motifs within the AHL gene family were delineated using MEME-Suite. In the
course of this analysis, a total of ten distinct conserved motif patterns were successfully
identified, facilitating further examination and review of the AHL gene family. The range of
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identified motifs varied between 2 and 8. It was noted that Pvul-AHL-15 and Pvul-AHL-34
exhibited the least number of conserved motifs, with only 2 each, whereas Pvul-AHL-2, Pvul-
AHL-4, Pvul-AHL-6 and Pvul-AHL-11 were characterized by the highest number, each
containing 8 conserved motifs. Motif 3 and Motif 7 were detected in all Pvul-AHL proteins.
Motif 1, which was determined to be AHL domain, was detected in all other genes except Pvul-
AHL-5 gene (Figure 4).

Promoter region analysis of AHL Genes

Sequences retrieved from 2000 bp upstream in the 5" upstream region of AHL genes have been
examined, and it has been determined that promoter regions in these genes are influential in
plant development, molecular response to abiotic stresses, and adaptation to environmental
factors. Cis-acting elements found in sequences of Pvul-AHL genes have been identified
through analyses in the PlantCARE database and visualized using the TBTools program. A
comprehensive identification of cis-acting elements has been achieved across all Pvul-AHL
genes. Key elements associated with abiotic and biotic stresses, such as MYB (in all except
Pvul-AHL-12), TC-rich repeats (in Pvul-AHL-2, Pvul-AHL-6, Pvul-AHL-8, Pvul-AHL-10, Pvul-
AHL-13, Pvul-AHL-15, Pvul-AHL-16, Pvul-AHL-21, Pvul-AHL-24, Pvul-AHL-26, Pvul-AHL-
29, Pvul-AHL-30, Pvul-AHL-36, Pvul-AHL-38, Pvul-AHL-41), LTR (in Pvul-AHL-2, Pvul-
AHL-20, Pvul-AHL-21, Pvul-AHL-24, Pvul-AHL-29, Pvul-AHL-30, Pvul-AHL-31, Pvul-AHL-
33), W box (in Pvul-AHL-1, Pvul-AHL-4, Pvul-AHL-5, Pvul-AHL-11, Pvul-AHL-12, Pvul-
AHL-14, Pvul-AHL-16, Pvul-AHL-19, Pvul-AHL-20, Pvul-AHL-21, Pvul-AHL-22, Pvul-AHL-
25, Pvul-AHL-27, Pvul-AHL-31, Pvul-AHL-38, Pvul-AHL-41) have been observed in Pvul-AHL
genes (Figure 5).
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Figure 5. Promoter regions of Pvul-AHL genes. PlantCARE analyzed promoter sequences
(—2000 bp) of 41 Pvul-AHL genes. The scale indicates the upstream length through the
translation codon. Different color rectangles indicate different cis elements.

Synteny Analysis of AHL Genes
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Figure 6. Self-synteny of the AHL genes in the P. vulgaris genome. The AHL genes in P.
vulgaris were mapped to different chromosomes. Gene pairs of the AHL with a syntenic

relationship are joined by a blue line.
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Figure 7. Gene duplication and synteny analysis of AHL genes between P. vulgaris and A.
thaliana. It has been indicated that arrows originating from all chromosomes of P. vulgaris are
represented in different colors.

In the synteny analysis conducted using MCScanX, duplicated genes among P. vulgaris genes,
their interconnections, and the resulting selection types have been examined. Additionally,
duplicated genes between P. vulgaris and A. thaliana have been studied. Within P. vulgaris, 14
duplicated genes have been identified, and subsequent Ka/Ks analysis has revealed that all are
subject to purifying selection (Table 2). In the synteny analysis of AHL genes within P. vulgaris,
it has been determined that duplicated genes exist in all chromosomes except for Pvul-AHL-5
(Figure 6). When examining duplicated genes between P. vulgaris and A. thaliana, duplicated
genes have been found in all chromosomes of A. thaliana (Figure 7).

Table 2. Gene duplications of the Pvul-AHL genes

Gene 1 Gene 2 Ka/Ks  Selection Type

Pvul-AHL-2 Pvul-AHL-32 0.22 Purifying selection
Pvul-AHL-3 Pvul-AHL-12 0.24 Purifying selection
Pvul-AHL-4 Pvul-AHL-13 0.11 Purifying selection
Pvul-AHL-6 Pvul-AHL-11 0.07 Purifying selection
Pvul-AHL-7 Pvul-AHL-40 0.17 Purifying selection
Pvul-AHL-7 Pvul-AHL-8 0.30 Purifying selection
Pvul-AHL-8 Pvul-AHL-40 0.20 Purifying selection
Pvul-AHL-14 Pvul-AHL-25 0.28 Purifying selection
Pvul-AHL-18 Pvul-AHL-34 0.34 Purifying selection
Pvul-AHL-21 Pvul-AHL-34 0.38 Purifying selection
Pvul-AHL-24 Pvul-AHL-27 0.07 Purifying selection
Pvul-AHL-26 Pvul-AHL-41 0.31 Purifying selection
Pvul-AHL-29 Pvul-AHL-40 0.15 Purifying selection
Pvul-AHL-31 Pvul-AHL-37 0.22 Purifying selection

Protein-protein interaction (PPI) Analysis of AHL Genes

The protein-protein interactions of Pvul-AHL proteins have been analyzed and visualized using
the STRING database. It was found that Pvul-AHL-9, Pvul-AHL-17, Pvul-AHL-20, Pvul-AHL-
34 are interrclated, as are Pvul-AHL-15, Pvul-AHL-21, Pvul-AHL-39 with each other. No
relationships have been found among all the other genes (Figure 8).
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Figure 8. Protein—protein interactions of identified AHL proteins. Protein-protein interactions

of Pvul-AHL proteins have been analyzed and visualized using the STRING database. Related
genes are shown with blue line.

Expression Analysis of AHL Genes

The expression profiles of AHL genes in leaf tissues of P. vulgaris under salt and drought stress
were examined using information from the NCBI SRA repository. In drought stress, the
expression levels of Pvul-AHL-19, Pvul-AHL-22, Pvul-AHL-34 and Pvul-AHL-40 genes
increased compared to the control. In salt stress, the expression levels of Pvul-AHL-23, Pvul-
AHL-29, Pvul-AHL-36, Pvul-AHL-40 and Pvul-AHL-41 genes increased compared to the
control. No change was observed in the expression levels of Pvul-AHL-5, Pvul-AHL-17, Pvul-
AHL-18, Pvul-AHL-19, Pvul-AHL-20, Pvul-AHL-21, Pvul-AHL-22, Pvul-AHL-34 and Pvul-
AHL-35 genes under salt stress (Figure 9).
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Figure 9. Heat map of the Pvul-AHL genes that are differentially expressed in leaf tissue under
salt and drought stress. C: control, T: treatment, S: salt, D: drought. The expression levels are
represented according to the color bar.

4. Conclusions

An essential transcription factor in plants, the AHL protein controls a variety of biological
processes. AHL have been the subject of ongoing research into their evolution and role ever
since their discovery. The expression differences of Pvul-AHL genes were determined in the
gene expression analyzes performed in silico in leaf tissues under salt and drought stress. This
evaluation will serve as a starting point for additional functional research and crop breeding.
The results of this study will shed light on future studies with P. vulgaris.
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Abstract

Breast cancer is a major global health problem that imposes a significant social and economic burden on
individuals and societies. Chemotherapy, a common treatment approach, often leads to resistance and unwanted
side effects, especially in the advanced stages of the disease. This has led to a search for more effective and less
toxic anticancer agents. Lichens, associations of fungi and algae, are gaining attention for their potential in
cancer therapy. Lichens are rich sources of secondary metabolites with diverse biological effects, including anti-
tumor properties. In this study, we summarise the combined effects of vulpinic acid a lichen acid, with
doxorubicin, a chemotherapeutic drug, on breast cancer MCF-7 cells. The results of the XTT assay and
subsequent Compusyn analysis showed that VA and doxorubicin, a chemotherapeutic drug, alone exhibited
potent anti-proliferative effects in a dose- and time-dependent manner, and interestingly, when used in
combination, they produced an antagonistic effect in the same cancer line. These results provide the first
example of a study to show what effect the combination of VA and Dox will have on other breast cancer cell
lines.

Keywords: breast cancer, vulpinic acid, doxorubicin, combination effect.

Vulpinik Asit ve Doksorubisinin Meme Kanseri MCF-7 Hiicrelerinde Kombine Etkisi

Oz

Meme kanseri bireylere ve toplumlara 6nemli sosyal ve ekonomik yiik getiren 6nemli bir kiiresel saglik
sorunudur. Yaygin bir tedavi yaklasimi olan kemoterapi, 6zellikle hastaligin ileri evrelerinde siklikla direng ve
istenmeyen yan etkilere yol agmaktadir. Bu durum daha etkili ve daha az toksik antikanser ajanlarinin
arastirilmasina yol agmistir. Mantar ve alglerin birlesimi olan likenler, kanser tedavisindeki potansiyelleri
nedeniyle dikkat ¢ekmektedir. Likenler, anti-tiimdr 6zellikleri de dahil olmak {izere gesitli biyolojik etkilere
sahip, zengin ikincil metabolit kaynaklaridir. Bu ¢aligmada, bir liken asit olan vulpinik asidin kemoterapétik bir
ila¢ olan doksorubisin ile meme kanseri MCF-7 hiicreleri {izerindeki kombine etkileri arastirildi. XTT testinin
sonuglar1 ve ardindan Compusyn analizleri, VA ve kemoterapétik bir ilag olan doksorubisinin, yalniz hallerinde
doz ve zaman bagimli olarak gii¢lii anti-proliferatif etkiler sergiledigini, 6te yandan ilging bir sekilde, kombine
halinde kullanildiklarinda ayni kanser hattinda antagonistik bir etki sergiledikleri belirlendi. Bu sonuglar, VA
ve Dox kombinasyonunun diger meme kanseri hiicre hatlar1 iizerinde nasil bir etki yaratacagini gosteren bir
¢alismanin ilk 6rnegini saglamistir.

Anahtar Kelimeler: meme kanseri, vulpinik asit, doksorubisin, kombine etki
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1. Introduction

Cancers are malignant tumors that result from the uncontrolled growth of cells in tissues or
organs [1]. Cancer is not only a growing public health problem but also a social and economic
burden for societies. Breast cancer is the most commonly diagnosed cancer and the second most
common cause of cancer-related death in women after lung cancer [2, 3]. Today, the most
common treatments for breast cancer are surgery, radiotherapy, and chemotherapy. Depending
on the type and stage of cancer, chemotherapy is used to treat the disease, prevent the spread of
the tumor, slow its growth, and improve some symptoms of cancer, and in some cases,
chemotherapy is the only treatment option. Some of the chemotherapeutic drugs commonly
used for breast cancer treatment are cisplatin, docetaxel, and doxorubicin [4]. The mechanism
of action of each chemotherapy drug may be the same and/or different. Doxorubicin (DOX),
for example, interacts with DNA to provide its most effective mechanism of action against
cancer. Doxorubicin stabilizes the topoisomerase-DNA complex that forms after topoisomerase
IT cuts the DNA during DNA transcription. This prevents the DNA double helix from
recombining, thus preventing DNA from pairing [5]. Although these synthetic drugs, including
Dox, are used in the treatment of cancer, they have many undesirable side effects in patients
undergoing treatment [6]. For instance, nausea, vomiting, irregular heartbeat, neutropenia,
baldness, heart failure, and cardiomyopathy are some of the side effects of doxorubicin [4]. As
cancer is one of the most common diseases of our time, and the number of cancer diagnoses is
increasing every day, scientists are working hard to discover and develop new drugs with fewer
side effects [7]. More than 60% of cancer drugs in use today are developed from natural sources
such as plants, bacteria, fungi, and marine organisms [8]. Medically important plants with
pharmaceutical properties have been used for centuries by the general public in all developing
and developed countries for the treatment of a wide range of diseases [9].

Many of the therapeutic properties of these medicinal plants are due to the secondary
metabolites that they contain. Secondary metabolites have many biological effects including
antiviral, antibacterial, antifungal, antiprotozoal, anti-herbicidal, mutagenic, antioxidative,
antiulcer, antipyretic, anti-inflammatory, and anti-tumor [10]. Besides medicinal plants, there
are still many natural resources that have not been adequately explored, including lichens
formed by the symbiotic association of fungi and algae [11]. Similar to medicinal plants, lichens
have many biological properties, including anti-cancer effects, thanks to the lichen secondary
metabolites. Vulpinic acid (VA), one of the lichens' secondary metabolites, is known to have
many biological properties including antimicrobial [12], antidiabetic [13], and anticancer
activities [14]. Even, our previous study found that VA has significant anti-cancer potential in
many cancers, including breast cancer [11]. The drugs used in chemotherapy either become less
effective during treatment or cancer cells can develop resistance to these drugs. For this reason,
several drugs may be given in combination to make the treatment more effective [15, 16].
Indeed, studies of the combined effects of currently used chemotherapeutic drugs and secondary
metabolites with anticancer potential have gained momentum over recent years. While the
literature contains studies on the anti-cancer effects of the chemotherapy agents DOX and VA
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on breast cancer alone, no data exist on the effect of these two compounds on cancer cells when
used together [11]. In this regard, the dose- and time-dependent anticancer effects of the two
aforementioned compounds, both alone and in combination at different doses, were
comparatively investigated on the breast cancer cell line MCF-7.

2. Material and Methods
2.1. Cell lines and culture

The breast cancer MCF-7 cell line was purchased from the ATCC (American Type Culture
Collection, LGC Promochem, UK). The MCF-7 cell line was cultured in Dulbecco's Modified
Eagle Medium (DMEM, Sigma-Aldrich). Basal mediums were supplemented with 10% (v/v)
heat-inactivated fetal bovine serum (FBS) (HyClone), 1% Il-glutamine (Thermo Fisher
Scientific), 1% penicillin, and streptomycin (Sigma-Aldrich). Cells were maintained in a 5%
CO; incubator at 37 °C. All the studies were carried out in the biosafety -II cabine (Nuve,
Turkey).

2.2. Preparation of chemicals doxorubicin and vulpinic acid.

Vulpinic Acid (VA) was purchased from Cayman Chemicals Company. Doxorubicin (DOX)
was purchased from Cell Signaling Technology. The chemicals were dissolved in dimethyl
sulfoxide (DMSO, Sigma-Aldrich) as a stock solution and stored at —20 °C until usage. The
various concentrations of VA ranging from 5 to 150 uM were performed with the culture
mediums. Similarly, the different concentrations of DOX were prepared ranging from 0.05-100
uM with the complete culture medium.

2.3. Cell proliferation assay

The dose- and time-dependent antiproliferative effects of vulpinic acid (VA) and doxorubicin
(DOX), alone and in combination, on breast cancer cell lines were investigated using 2,3-bis(2-
methoxy-4-nitro-5-sulfophenyl)-2H-tetrazolium-5-carboxanilide (XTT) assay. The principle
underlying the assay is that only living cells have an active metabolism and can convert XTT
to purple formazan, which has a maximum absorbance of 490 nm [17, 18]. Firstly, the dose-
and time-dependent antiproliferative effects of DOX and VA alone on MCF-7 cell was
investigated. For this purpose, both cell lines were plated in 96-well plates with 7500 cells per
well in 150 pL of medium and kept overnight in a 5% CO> incubator at 37°C. This process was
performed separately for each time point (24, 48, and 72h). The following day, different doses
(0.1, 1, 10, 50, and 100 pM) obtained from the stock solution of Dox were applied to the cell
line, and the plates were kept in the 5% CO: incubator for each period. The same procedure
was performed for VA at varying concentrations depending on the cell type (10, 25, 50, 75,
100, and 150 pM). At the end of each incubation period, the old medium in the wells was
removed and the wells were washed with PBS. Subsequently, 50 pL. of XTT solution was added
to the wells together with 100 pL of fresh medium, and after incubation in the 5% COz incubator
for 5 hours, the absorbances were measured at 490 nm. The cells containing only fresh medium
were used as vehicle control. The cell proliferation was calculated with the help of the following
equation;
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Proliferation % = [Abs (extract-treated cells) = Abs (extract in cell-free medium)] / [AbS (control group cells) = Abs (cell-

free medium)] .

Considering the data obtained from XTT assays, different concentrations of DOX and VA were
combined (VA+DOX), and XTT experiments were performed similarly. The absorbances
obtained here and in the previous step were entered into the Compusyn program and CI
Combinational Index (CI) values were calculated. CI is the value indicating the effect on the
cell of combining two or more drugs. The CI value obtained from combination studies between
1 and 10 means that the effect is antagonistic, equal to 1 means that the effect is additive, and
between 0.9 and 0 means that the effect is synergistic [19].

2.4. Statistical analysis

The results of the XTT assay were analyzed using the unpaired t-test with the GraphPad Prism
software version 6.0. The COMPUSYN program was used to calculate the Combination Index
(CI) results. Three independent experiments were conducted in every group, and all
measurements were performed three times. p< 0.05 was considered statistically significant.

3. Results and Discussion
To determine the antiproliferative effects of DOX and VA alone against MCF-7 cancer cells,
different concentrations of DOX ranging from 0.1 to 100 uM and various concentrations of VA

ranging from 10 to 150 uM were applied to the MCF-7 cells for three different periods (24, 48,
and 72 h). The results of the XTT experiments were presented in Table 1.
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Table 1. Dose- and time-dependent inhibitory effects of DOX and VA on MCF-7 cells.

24 h
Doxorubicin (uM) % inhibition Vulpinic Acid (uM) % inhibition
0.1 46.24 10 10.29
1 57.74 25 25.82
10 86.31 50 30.21
50 >100 75 37.60
100 >100 100 56.25
48 h
Doxorubicin (uM) % inhibition Vulpinic Acid (uM) % inhibition
0.1 83.01 10 52.48
1 85.90 25 58.69
10 97.25 50 59.86
50 >100 75 71.88
100 >100 100 73.03
72 h
Doxorubicin (uM) % inhibition Vulpinic Acid (uM) % inhibition
0.1 94.81 10 78.72
1 94.55 25 88.35
10 97.51 50 89.79
50 >100 75 >100
100 >100 100 >100

Examining the dose-dependent inhibitory effects of DOX on MCF-7 cells at the end of each
period individually from Table 1, it can be seen that DOX inhibited 46.24% cell proliferation
at 0.1 pM, and this inhibition increased to 86 % at 10 uM after 24 h. At a concentration of 50
uM, DOX almost completely stopped cell proliferation. The 48 h results showed that DOX
inhibited cell proliferation by 86.3 % at a concentration of 0.1 uM, and by increasing the
concentration to 10 uM, inhibition increased to 97.2 %. At the end of 72 h, even the lowest dose
of DOX increased cell proliferation inhibition to around 95%. These data reveal that DOX has
a strong anticancer effect on MCF-7 cells in a dose- and time-dependent manner.

Similarly, when the antiproliferative activity of VA, one of the lichen metabolites, was tested
against MCF-7 cells after 24 h, it was found to have a significant dose-dependent
antiproliferative effect between 10 and 100 pM. While VA showed 10.29 % inhibition at the
lowest dose of 10 uM, the inhibition rate reached 50 % at the highest dose of 100 uM. A dose-
dependent inhibition was observed with increasing incubation time. VA, for instance, was
found to inhibit cell proliferation by 52.4 % and 78.7 % at the lowest concentration of 10 pM
after 48 and 72 h, respectively.
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Detailed information on the anti-cancer mechanism of DOX, which is commercially used as a
chemotherapeutic agent, is available in the literature. The number of studies on the biological
activity of VA, a natural product, including its anti-cancer activity, is increasing day by day. In
addition, it has been reported in several studies on the mechanism of action of VA in cancer.
Kilic et al. (2018) reported the antiproliferative and apoptotic effects of VA on human breast
cancer MCF-7 and non-cancerous MCF-12A cell lines. The results showed that VA
significantly inhibited cell viability and induced apoptosis of human breast cancer cells while
While it has no significant cytotoxic or apoptotic effects on non-cancerous cells [14]. Cansaran-
Duman et al. (2021) investigated the role of vulpinic acid (VA) on the progression of breast
cancer and reported that VA could downregulate the expression of 12 miRNAs by silencing the
FOXO-3 gene [20]. Another study reported that VA exhibited anti-cancer activity in the breast
cancer cell lines MCF-7 and MDA-MB-453 by inhibiting Thioredoxin reductases-1 (TRXRI)
enzyme, which is recognized as a cancer marker, preventing migration and inducing apoptosis

[L1].

Recently, as cancer tumors develop resistance to the drugs used in chemotherapy over time, and
the effects of these drugs are not sufficient, there has been an increase in the use of combinations
of different drugs to treat patients. For example, Jin et al (2021) applied the combination of
platycodin and docetaxel to prostate cancer DU-145 cells and reported that it synergistically
inhibited cell growth, upregulated the Bax/Bcl-2 ratio, increased apoptosis, and ROS
production, and suppressed the AKT/mTOR and ERK signaling pathways. [15]. Shokrzadeh et
al (2021) applied the combination of Dox with lutein to the MCF-7 cells and reported that the
result was a significant decrease in antioxidant enzymes while a significant increase in ROS
levels, with a synergistic anticancer mechanism. [16].

In this regard, at this stage of the study, the aim was to apply different doses of combinations
of VA, which is a natural compound and may have much fewer side effects in living organisms
compared to synthetic drugs, and DOX, a drug widely used in chemotherapy, to MCF-7 cancer
cells and then determine whether this situation is synergistic or antagonistic in the cell. The
period over which the results of VA and DOX would be used to decide on combination studies
was evaluated by looking at Table 1. For each dose of DOX, from lowest to highest, similar
doses of VA were combined and applied to the cells, taking into account the data at 48 hours,
which is the most effective period. For this, each combined dose of DOX + VA was prepared
and applied to MCF-7 cells for 48 h and subjected to antiproliferative activity tests using XTT
assay. The absorbance values obtained from the XTT tests were processed in the Compusyn
program and CI values were calculated (Figure. 1).
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Figure 1. Compusyn results of vulpinic acid (VA) and Doxorubicin (DOX) in MCF-7 cells. A)
Dose effect curves for VA, DOX, and VA+ DOX combination, B) Combination Index Value —
Fa (Fraction Affected Level) for VA+ DOX. The value obtained in the combination index
indicates a mild antagonism when 1.1 - 1.2, a moderate antagonism when 1.2 - 1.45, 1.45 - 3.3
antagonism, 3.3 - 10 strong antagonism, > 10 very strong antagonism, 0.85 - 0.9 mild synergy,
0.7 - 0.85 moderate synergy, 0.3 - 0.7 synergy, 0.1 - 0.3 strong synergy, < 0.1 very strong

synergy.

Table 2. Combined effects and CI values of VA+DOX in MCF-7 cells

VA+DOX (uM) Absorbance Cl
25-0.05 0.394 4.73265
50-0.1 0.222 1.72574
75-1 0.144 4.19017
100-5 0.064 2.62389
150-10 0.070 6.37395

CI: Combination Index

Looking at the data in Table 2, although each combined version of VA and DOX reduces the
proliferation of MCF-7 cancer cells, each of the CI values is greater than 1. This indicates that
the two compounds used in combination produced an antagonistic effect in this cell line,
weakening each other to some extent, rather than having a synergistic effect. MCF-7 cells are
known to be estrogen receptor-positive (ER+). Therefore, anti-cancer agents that act on this cell
line bind to these receptors and exert their effects on the cell. While both compounds studied
here showed a strong antiproliferative effect alone, presumably by binding to these receptors,
when combined they showed an antagonistic situation, reducing the rate or ability to bind to
this receptor and some extent preventing each other from binding. Although the combined use
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of VA+ DOX has an antagonistic effect on MCF-7 cells in this study, further studies are needed
to determine the effect of the combination on MDA-MB-453, MDA-MB-231, and other similar
breast cancer cell lines.

4. Conclusion

As a result, this study showed that VA and DOX alone exerted a dose- and time-dependent
anticancer effect on MCF-7 cells, whereas it was expected that they would exert a stronger
anticancer effect when combined, but they weakened each other's effect by showing an
antagonistic effect.
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Abstract

In this study, we evaluated the inhibition of several cytosolic enzymes, aiming to shed light on and potentially
treat various associated diseases such as Alzheimer's, Parkinson's, and Glaucoma. Our goal is to minimize drug
side effects by combining multiple effects in a single molecule. To achieve this, we investigated the in vitro
effects of two new benzothiophene Schiff bases on cholinesterases (AChE and BuChE) as well as human
carbonic anhydrase isoforms (CAI and CAII). Molecular modeling studies were also conducted to elucidate the
inhibition mechanism of these two compounds on these enzymes. Subsequently, both compounds (1a and 1b)
were tested in vitro on the aforementioned enzymes. Furthermore, the in vitro results were supported by data
obtained from in silico studies. Our findings indicate that benzothiophene derivatives significantly inhibited
these enzymes. Compound 1b exhibited a stronger inhibitory effect against CAI and CAII compared to the AZA
control compound. Additionally, both compounds demonstrated more potent inhibitory effects on
cholinesterases (AChE and BuChE) compared to the control compound Tacrine.

Keywords: Benzothiophene, Schiff bases, cholinesterases, carbonic anhydrase, inhibition.

Schiff Baz Bilesikleri olarak yeni benzotiyofen-3-karboksaldehid hidrazon tiirevleri:
Potansiyel kolinesteraz (AChE-BuChE) ve karbonik anhidraz (CAI-CAII)

inhibitorleri olarak in vitro ve in silico degerlendirmesi

Oz

Bu ¢alismada, bir¢ok sitozolik enzimin inhibisyonunu degerlendirdi ve Alzheimer, Parkinson ve Glokom gibi
cesitli iligkili hastaliklar1 aydinlatilmasi ve potansiyel olarak tedavi edilmesi amaglanmigtir. Amacimiz, tek bir
molekiilde birden fazla etkiyi birlestirerek ilag yan etkilerini en aza indirmektir. Bunun igin, iki yeni
benzotiyofen Schiff bazinin kolinesterazlar (AChE ve BuChE) ile insan karbonik anhidraz izoformlar1 (CAI ve
CAII) tizerindeki in vitro etkileri arastirilmigtir. Bu iki bilesigin enzimler tizerindeki inhibisyon mekanizmasini
aydinlatmak i¢in molekiiler modelleme ¢alismalari da yiiriitiilmiistiir. Daha sonra, her iki bilesigi (1a ve 1b) s6z
konusu enzimler {izerinde in vitro olarak test edildi. Ayrica, in vitro sonuglarimizi in silico ¢aligmalardan elde
edilen verilerle desteklendi. Bulgular, benzotiyofen tiirevlerinin bu enzimleri 6énemli dlgiide inhibe ettigini
gostermektedir. Bilesik 1b, AZA kontrol bilesigine kiyasla CAI ve CAII iizerinde daha giiclii bir inhibisyon
etkisi sergiledi. Ayrica, her iki bilesigin de kolinesterazlar (AChE ve BuChE) tizerinde kontrol bilesigi takrin'e
kiyasla daha giiclii inhibisyon etkileri gosterdigi belirlenmistir.

Anahtar Kelimeler: Benzotiyofen, Schiff Bazi, kolinesteraz, karbonik anhidraz, inhibisyon.

*Corresponding Author: edilek@erzincan.edu.tr
Sule GURSOY, https://orcid.org/0000-0001-5236-5974
Zeynep CAKA, https://orcid.org/0000-0002-3629-5168
Nagihan FAYDALLI, https://orcid.org/0000-0002-8895-1825
Hanif SIRINZADE, https://orcid.org/0000-0001-9663-9199
Esra DILEK, https://orcid.org/0000-0002-3629-5168

174



Exploring Novel Schiff Base Compounds Derived from Benzothiophene-3-carboxaldehyde Hydrazones: In
vitro and In silico Evaluation as Potential Inhibitors of Cholinesterases and Carbonic Anhydrases I-11

1. Introduction

Different derivatives of benzothiophenes has been reported as compounds which demonastrate
various biolgical and pharmacological activities like anti-inflammatory (1), antibacterial (2-4),
antiviral (5) and anticancer agents (6, 7). Also, Schiff bases are an important class of organic
compounds that have antifungal and antimalarial activity, among others, and are widely used
and researched for their numerous applications in many fields including analytical, biological
and inorganic chemistry (8-16). The synthesis of benzothiophene-derived Schiff bases has been
made by some researchers and antimicrobial, antioxidant, antileishmanial activities of them
have been examined. (17-20). Activity studies of such compounds, especially against
cholinesterase and carbonic anhydrase enzymes, have not been found more in the literature.
Therefore, in-siliee molecular docking studies of new synthesized compounds and enzymes
were carried out to gain an idea about the possible interaction between enzymes and synthesized
compounds. Data obtained as a result of molecular docking motivated us to make this study
about the preparation and characterization of Schiff base with benzothiophene derivatives and
also their anti-cholinesterase and anti-carbonicanhydrase activities.

Enzymes act as catalysts in many biochemical reactions and are important in regulating,
controlling and accelerating these reactions. In the drug development process, the inhibition of
enzymes plays an important role in the development of drugs used for the treatment of many
diseases. Acetylcholine esterase (AChE) and butyrylcholinesterase (BuChE), which are
enzymes that terminate the effects of molecules known as neurotransmitters on the nervous
system, are used as targets in the treatment of nervous system disorders such as Alzheimer's
disease. In addition, this enzyme, which has effects on its functions in the respiratory muscles,
has an important place in the treatment of diseases such as myasthenia gravis (21). Another
group of enzymes associated with the respiratory system are the carbonicanhydrases (CAs).
CAs are also responsible for respiration and CO2/(HCO5") transport, pH and CO> homeostasis,
electrolyte release in various organs and tissues, biosynthesis reactions (such as
gluconeogenesis, lipogenesis, and ureagenesis), bone resorption, calcification and
tumorigenesis. Additionally they also play an important role in many physiological and
pathological processes in different organisms(22). Therefore, enzyme inhibition is an important
strategy to be selected as a target in the drug development process.

Alzheimer's disease (AD) is a progressive, irreversible, incurable, neurodegenerative disease
and is the most common form of dementia. In addition, AD is a problematic and expensive
disease for humanity, and it is also known as a 'silent threat' (23,24). Acetylcholine esterase
inhibitors are drugs used to increase acetylcholine (ACh) levels in the brain. Alzheimer's
disease causes a decrease in the level of acetylcholine in the brain, and as a result, neural
transmission processes are disrupted (25). Acetylcholine esterase inhibitors can help relieve the
symptoms of this disease by increasing the levels of acetylcholine in the brain.

On the other hand, carbonic anhydrase (CA) plays a crucial role in signal processing, long-term
synaptic conversion, and the careful overhaul of memory storage. Abnormalities in carbonic
anhydrase enzyme activity impair cognition and are associated with mental retardation,
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Alzheimer's disease, and aging (26). CA function has been associated with AD pathology as
well as stroke. CAs are important potential mediators and inhibition of CA is essential in AD.
The aim of several recent studies is to further elucidate the association of CAs with both AD
and stroke (27).

In this study, the in vitro activity of synthesized new benzothiophene rings against AChE,
BuChE, hCAI and hCAII enzymes was evaluated and molecular docking studies were carried
out.

2. Material and Methods
2.1 Chemicals

The Stuart melting point SMP30 apparatus was employed for determining uncorrected melting
points, while 'H and '*C NMR spectra were recorded using a Varian 400 MHz spectrometer
located in Palo Alto, CA. TMS served as the internal standard, and DMSO-d6 was utilized as
the solvent during this process. ESI mass spectra were generated using a Waters Micromass ZQ
device, and elemental analyses were conducted using the CHNS-932 instrument from Leco
Corporation in St. Joseph, MI. Merck silica gel 60 (230-400 mesh ASTM) was employed for
chromatography procedures. All spectral analyses were carried out at the Central Laboratory of
the Faculty of Pharmacy at Ankara University. With the exception of L-tyrosine (E.Merck),
Sepharose-4B, indazole molecules, and chemicals for electrophoresis, all other chemical
reagents used in synthesis and other procedures were obtained from Sigma (Germany) and
Aldrich (USA). Furthermore, AChE (CAS no. 9000-81-1) and BuChE (CAS no. 9001-08-5)
were procured from Sigma-Aldrich.

2.2 Synthesis of compounds 1a and 1b

The general procedure for synthesizing compounds la and 1b involved the condensation of
bromo-substituted phenylhydrazine hydrochloride with benzothiaphene-3-carboxaldehyde
(Fig. 1). The new imines were obtained using a methodology adapted from Kidwai (28).
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Figure 1. Synthesis of benzothiophene-3-carboxaldehyde hydrazones
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2.3 Synthesis of 1-(benzo[b]thiophen-3-ylmethylene)-2-(2-bromophenyl)hydrazine (1a)

Benzothiophene-3-carboxaldehyde (1 mmol) was reacted with 2-bromophenyl hydrazine
hydrochloride (1.2 mmol) in 20 ml of absolute ethanol in the presence of 0.4 g CH3COONa for
2 hours on a hot water bath. Upon completion of the reaction, the mixture was cooled to room
temperature. The resulting precipitate was collected, washed with cold water, and recrystallized
from EtOH to obtain compound la. Yield 70%; m.p. 129-131°C; '"H-NMR: 6.76(td, 1H, J=8
& 1.6 Hz), 7.37(td, 1H, J=8 & 1.6 Hz), 8.01(s, 1H), 7.44-8.72(m, 6H, Ar-H) 8.66(s, 1H,
azomethine-CH), 9.61(s, 1H, hydrazon-NH); 3C-NMR: 106.13; 114.10; 120.23; 123.05;
124.46; 125.12; 125.16; 128.79; 129.24; 131.66; 132.68; 135.67; 137.89; 140.18; 142.44
(azomethine C); ESI MS m/z 331(M+,%100),333(M+2, %90).

2.4 Synthesis of 1-(benzo[b]thiophen-3-ylmethylene)-2-(4-bromophenyl)hydrazine (1b)

Benzothiophene-3-carboxaldehyde (1 mmol) was reacted with 4-bromophenyl hydrazine
hydrochloride (1.2 mmol) in 20 ml of absolute ethanol in the presence of 0.4 g CH3COONa for
2 hours on a hot water bath. Upon completion of the reaction, the mixture was cooled to room
temperature. The resulting precipitate was collected, washed with cold water, and recrystallized
from EtOH to obtain compound 1b. Yield 84%; m.p. 133—135°C; 'H-NMR: 7.05(d, 2H, J=11.8
Hz), 7.41(d, 2H, J=8.8 Hz), 7.43-8.73-8.7(m, 4H), 7.99(s, 1H) 8.22(s, 1H, azomethine-CH),
10.44(s, 1H, hydrazon-NH); '*C-NMR: 109.38; 113.78; 123.00; 124.61; 125.05; 125.12;
128.53; 131.79; 131.87; 134.90; 135.62; 140.17; 144.63 (azomethine C); ESI MS m/z
331(M+,%100),333(M+2, %90).

2.5 Molecular docking studies

In the molecular docking study, hCA I (PDB: 2FOY) (29) and hCA II (PDB: 11F7) (29), as well
as AChE and BChE (30), were retrieved from the Protein Data Bank in pdb format. lons, water
molecules, and ligands were removed from the downloaded proteins, and polar hydrogens and
Gasteiger charges were added to the proteins. The proteins were saved in pdbqt format using
AutoDockTools 1.5.6 (31). Ligands were drawn in ChemDraw3D 19.0, minimized, and saved
in pdb format. After conversion to pdbqt format using AutoDockTools 1.5.6, molecular docking
was carried out using the latest AutoDock Vina program (32). The results were visualized in
2D and 3D using PyMOL (33) and the Discovery Studio Visualizer (34).

2.6 Biological activity studies
Inhibition Studies of Cholinesterase Enzymes

AChE (CAS no. 9000-81-1) and BuChE (CAS no. 9001-08-5) used in the study were purchased
from Sigma-Aldrich. The inhibitory effects of, two benzothiophene Schiff bases (1a and 1b
compounds) on AChE and BuChE activities were determined by ICso and Ki values under in
vitro conditions, following the methodology outlined by Ellman et al. (35). ICso means the

177



Exploring Novel Schiff Base Compounds Derived from Benzothiophene-3-carboxaldehyde Hydrazones: In
vitro and In silico Evaluation as Potential Inhibitors of Cholinesterases and Carbonic Anhydrases I-11

inhibitor concentration that reduces the enzyme activity by half, and a low 1Cso value indicates
high inhibition power. To determine the ICso values of (1a and 1b) compounds, AChE and
BChE activities were measured at least five different concentrations of each molecule and
%Activities were calculated. The activity of the enzymes without inhibitor was accepted as
100%. %Activity versus inhibitor concentrations were then plotted for each molecule. From
these graphs, the ICso values of each molecule for AChE and BChE were determined.
Lineweaver—Burk graphs were drawn using three different concentrations of la and 1b
compounds and six different concentrations of substrate (Acetylthiocholine iodide: ACh and
Butyrylthiocholine iodide: BuCh) for the calculation of K; values. The same procedures were
done for tacrine, the standard inhibitor of AChE and BChE enzymes, and both ICso and K;
values were calculated. The enzyme unit was calculated using the molar absorption coefficient
(13.600 M!.cm!) of 5-thio-2-nitrobenzoic acid (DTNB) at 412 nm (36).

Carbonic Anhydrase Isoenzymes Inhibition Studies

All purification procedures were conducted following protocols outlined in our previous studies
(37-40). Protein quantification at each purification step was performed spectrophotometrically
at 595 nm using the Bradford method (41). Carbonic anhydrase (CA) isoenzyme activities were
determined according to the method described by Verpoorte et al. (42). Enzyme activities were
assessed by measuring the increase in absorbance spectrophotometrically at 348 nm. A
concentration-response curve of inhibitor concentration versus percentage activity was
generated to assess the inhibitory potency of each benzothiophene-derived Schiff base
compound (1a-1b) against both hCA isoenzymes. IC50 values were derived from these curves.
Ki values were calculated using three different concentrations of the tested compounds and five
different concentrations of substrate. Additionally, inhibition curves of the most potent
compounds were plotted and presented. Both IC50 and Ki values were determined using the
same procedures applied to AZA, which served as the standard inhibitor of CA isoenzymes.

3. Results and Discussion

In this study, first, in silico studies of novel benzothiophene derived Schiff bases compounds
and then in vitro effects were studied on hCAI, hCAII isoenzymes, and cholinesterases (AChE
and BuChE) activities.

After CAI and CAII isoenzymes were purified by CNBr-activated Sepharose-4B-L-tyrosine
sulfanilamide affinity chromatography method, the effects of novel benzothiophene derived
Schiff bases compounds on these isoenzymes were examined. la and 1b showed strong
inhibitiory effects at very low concentrations on hCAI and hCAII isoenzymes. Inhibitor
concentration versus %Activity for 1a and 1b compounds showing inhibition effect on hCAI
and hCAII isoenzymes were graphed (Fig.2). Ki values were determined by three different
concentrations of each compound. The compounds were found to showed inhibitory effects at
all three different concentrations. Lineweaver-Burk curves was drawn for identifying of Ki
values and inhibition type. For hCAI and hCAII, the obtained ICso and Ki values were given in
Table 1. Ki values were determined to be in the range of 58.82 + 7.96-126.28 + 26.22 nM for
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hCAI and 27.86 + 3.76-74.30 + 7.89 nM for hCAII. Compared to the control compound AZA,
both 1a and 1b represent potent inhibitory effect on carbonicanhydrase isoenzymes (Fig 1.)
while 1b demonstrated more strong inhibition effect on these isoenzymes (Fig 2.) (Table 1).
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Figure 2. Ki constants and inhibition types were determined by using Lineweaver-Burk graphs for
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excellent inhibitors of hCAI, hCAIl, AChE and BuChE enzymes. (Each enzyme was given in
comparison with its specific inhibitor.)

Table 1. Experimental ICso and Ki values of hCAI and hCAII for thiophene derivative schiff bases (1a-
1b) and AZA as standard inhibitors.

ICso (nM) Ki (nM)
Compounds hCA 1 R? hCA II R? hCA I hCA II
la 86.64 0.9970  38.51  0.9960 126.28+2622 74.30+7.89
1b 77.02 09968 3648  0.9959  58.82+7.96 27.86 +3.76

Acetazolamide (AZA) 103.05 09979 4332  0.9937 7870+10.64  33.63+541

On the other hand, the in vitro effects of 1a and 1b compounds on AChE and BuChE activity
were investigated. Compared with the control compound Tacrine, both compounds showed the
best inhibitory effect for cholinesterases (AChE and BuChE). Ki values were determined to be
in the range of 1.31 +£0.39-2.16 + 1.01 nM for acetylcholinesterase; in the range of 1.80 + 0.27-
2.01 £ 1.67 nM for butyrylcholinesterase. In addition, to explain the inhibition mechanism Ki
values and inhibition types were determined for la and 1b compounds on whole enzymes.
Except that 1a non-competitively inhibited CAI, other enzymes were competitively inhibited
by the all compounds. (Table 2, Fig.1).

Table 2. Experimental ICsy and Ki values of AChE and BuChE for thiophene derivative schiff bases
(la-1b) and Tacrine as standard inhibitors.

ICso (nM) Ki (nM)
Compounds AChE R BuChE R AChE BuChE
1a 12.83 09977 1136 09951 131+039 1.80£027
1b 13.86 0.9909 13.08 09916 2.16+1.01 201 £1.67
Tacrine (TAC) 18.73 09974 17.77 09908  2.57+0.39 3.92+£2.76

Selectivity index values of the compounds were calculated to assess their preference for
targeting specific enzymes. According to these values, compound 1b, which exhibited higher
potency compared to AAZ, reduced hCAI activity approximately 1.34-fold and hCAII activity
approximately 1.21-fold, with a higher affinity towards hCAII (Ki (hCAI)/ Ki (hCAIIl): 2.11).
Conversely, compound la, with greater potency compared to TAC, decreased AChE activity
approximately 2.17-fold. Compound 1b, surpassing TAC in potency, reduced BuChE activity
approximately 1.07-fold. Moreover, compound 1a, which outperformed BuChE, reduced AChE
activity approximately 1.96-fold (Table 3).
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Table 3. Selectivity index values of the compounds (1a-1b).

Ki (hCAIy Ki(AAZ)  Ki(AAZ) Ki(AChE)y  Ki(TACy  Ki(TACY

Compounds  ,; },cam) Ki(hCAI) Ki(hCAI) Ki(BuChE) Ki(AChE) ;i (BuChE)
1a 1.68 0.62 0.45 1.96 2.17 0.73
1b 2.11 1.34 1.21 1.19 1.95 1.07

In molecular docking studies, it was observed that the binding energies of 1a and 1b to hCA-I
and hCA-II enzymes were lower than the reference drug acetazolmide. Likewise, compounds
la and 1b were found to bind to AChE and BChE enzymes with lower binding energies than
the reference drug tacrine (Table 4).

Table 4. Enzyme binding energies of compounds and reference drugs

Binding energy Binding energy  Binding energy Binding energy

Bilesik Ad1 for hCA-1 for hCA-II for AChE for BChE
(kcal/mol) (kcal/mol) (kcal/mol) (kcal/mol)

la -6.5 -7.1 -9.7 -8.6

1b -6.9 -7.1 -9.6 -8.1

Asetazolamide -5.7 -6.1 - -

Tacrine - - -8.5 -8.0

When the 2D images are examined, it is seen that the benzothiophene rings of the compounds
make a pi-sulfur bond with the asparagine amino acid, The nitrogen atom in the schiff base is
connected to the serine amino acid in compound la, while it is connected to the lysine amino
acid in compound 1b. The reference drug, acetazolamide, binds with threonine, histamine and
glycine amino acids (Fig 3.).
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Figure 3. 2D molecular docking images of 1a (a), compound 1b (c) and reference drug acetazolamide
(e) located in the active site of the hCA I enzyme and 3D molecular docking images of 1a (b), compound
1b (d) and reference drug acetazolamide (f) located in the active site of the hCA I enzyme
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In compounds la and 1b the benzothiophene ring, makes pi-pi bonds with tryptophan and
phenylalanine amino acids. In addition, the N atom in the Schiff base is also bonded with the
amino acids glutamine and phenylalanine. Moreover in both compounds, it is seen that the
phenyl group attached to the Schiff base is bonded with glutamine in compound 1a and tyrosine
in compound 1b. The reference drug acetazolamide binds with tyrosine, histamine, gultamine
and glycine amino acids (Fig 4.).
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Figure 4. 2D molecular docking images of 1a (a), compound 1b (c) and reference drug acetazolamide
(e) located in the active site of the hCA II enzyme and 3D molecular docking images of 1a (b), compound
1b (d) and reference drug acetazolamide (f) located in the active site of the hCA II enzyme
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When the 2D molecular docking images of the 1a compound bound to the AChE enzyme are
examined, it is observed that the benzothiophene ring in the compound makes a pi-pi bond with
the tryptophan, phenylalanine and tyrosine amino acids in the enzyme.

Also, it has been revealed that the bromine atom in the 2nd position and the phenyl ring attached
to the schiff base form pi-sigma, pi-pi bonds with the tyrosine amino acid. The reference drug,
tacrine, was observed to bind only to tryptophan and tyrosine amino acids via pi-pi bonds (Fig
5.).
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Figure 5. 2D molecular docking images of 1a (a), compound 1b (c¢) and reference drug tacrine (e) located
in the active site of the AChE enzyme and 3D molecular docking images of 1a (b), compound 1b (d)
and reference drug tacrine (f) located in the active site of the AChE enzyme
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Considering the interactions present in the regions where the compounds bind to the BChE
enzyme; It was determined that the benzothiophene ring in compound 1a makes a pi-pi bond
with the tryptophan amino acid and the S atom makes a pi-sulfur bond with the phenylalanine
amino acid. However, the same benzothiophene ring in compound 1b was found to form a pi-
sulfur bond with phenylalanine and a pi-pi bond with tryptophan.

Nitrogen atoms contained in the schiff base in both compounds were observed to interact with
histamine in compound 1a, while it was observed to interact with serine in compound 1b. It is
detected that the reference drug tacrine molecule interacts with tryptophan and histamine amino
acids (Fig.6.)
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Figure 6. 2D molecular docking images of 1a (a), compound 1b (c¢) and reference drug tacrine (¢) located
in the active site of the BChE enzyme and 3D molecular docking images of 1a (b), compound 1b (d)
and reference drug tacrine (f) located in the active site of the BChE enzyme

Schiff base compounds are both stable and easily synthesized compounds. Because of these
features they have wide usage areas in many fields of chemistry (43), industry (44,45), medicine
and pharmacy (46) has increased the interest in these compounds and made them widely used
in different fields. In addition, some activities of schiff bases like anti-inflammatory,
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antimicrobial, anticancer, antioxidant, antimalarial, antifungal, antiviral, analgesic,
anticonvulsant, antituberculous, anthelmintic (17-20, 47,48) have been studied by many
researchers. The fact that Schiff bases and derivatives can be used especially as drugs (49) has
inspired many researches working in the field of health. It has been reported that different
derivatives of benzothiophenes have biological and pharmacological activities, used as anti-
inflammatory (1), antibacterial (2-4), antiviral (5) and anticancer agents (6, 7).

In the light of this information, benzothiophene derivative Schiff bases were designed,
synthesized and characterized by spectroscopic methods such as 'H-NMR, *C-NMR, LC-
MS/MS. Molecular docking of the compounds into active site of AChE, BuChE, hCAI and
hCAII was performed in order to understand ligand—protein interactions and calculate to bindng
energy. Compounds la and 1b bind to the hCA I, hCAII, AChE, BuChE isoenzyms with a lower
binding energy than the reference drug acetazolamide.

To understand ligand-protein interactions, molecular docking studies of compounds into the
active site of AChE, BuChE, hCAI and hCAII was evaluated.

It has been observed in our data that the benzothiophene rings of the compounds interact with
the Asparagine amino acid in the active site of the AchE enzyme and the tryptophan,
phenylalanine and histidine amino acids in the BuChE enzyme.

Phenylalanine and tryptophan amino acids which have exist in the different active site of the
hCA I and hCA II enzymes have been interacted with benzothiophene ring. Moreover, the
bromine atom in the ortho position contributed to the interaction.

Inhibition of enzymatic activity, besides creating a control mechanism in biological systems,
various drugs and toxic compounds exert their effects by enzyme inhibition. Many drugs that
are widely used today also act as enzyme inhibitors. In order to determine how inhibitory
substances interact with enzymes, ICso values are determined first. Then Ki values are
calculated by using the ICso values. Inhibition types can also be determined from Lineweaver
Burk graphs drawn for calculating K; values. To determine the interaction of our synthesized
benzothiophene derivative schiff bases with these enzymes, Lineweaver Burk graphs were
drawn and K; values were calculated. According to our results, compound 1b demonstrated
excelent inhibition effect on hCAI and hCAII isoenzymes. Compound la inhibited both
enzymes non-competitively, whereas compound 1b competitively inhibited both isoenzymes.
Compared to the control compound AZA, the compound with small Ki value shows strong
inhibitor feature (Table 1, Fig.2). On the other hand, compounds la and 1b demonstrated
excelent inhibition effect on on AChE and BuChE activity. Compared with the control
compound Tacrine, both compounds showed the best inhibitory effect for cholinesterases
(AChE and BuChE). Both compounds competitively inhibited cholinesterase enzymes (Table
2., Fig.2). Competitive inhibition indicates that the inhibitor acts as a substrate and binds to the
active site of the enzyme. It also means that the inhibition effect can be eliminated when the
amount of substrate is increased.
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4. Conclusion

In conclusion, inhibition of both carbonicanhydrase isoenzymes (hCAI and CAII) and
cholinesterases (AChE and BuChE) is important in the treatment of Alzheimer's disease. This
study aimed to design and synthesize benzothiophene derivative Schiff bases and test their
inhibition activities against AChE and BuChE, hCAI and hCAIl. Compounds la and 1b
demonstrate perfect inhibition activities against to AChE, BChE, hCAI and hCAIL. It has been
seen at in silico studies that 1a and 1b compounds can bind to the active site of the enzyme in a
similar way and at appropriate positions, and these results are also supported by in vitro studies.
The presence of the bromine atom in the 4th position in the 1b compound caused it to interact
more with the active site of the hCAI enzyme. This situation is also confirmed by in-vitro
activity results.The position of the bromine atom did not contribute to its interaction with the
hCA 1II enzyme, however, it showed different interactions with the enzyme by affecting the
conformations of the molecule.The bromine atom attached to the 2nd position in compound 1a
interacted only with tyrosine in the AChE enzyme While it interacted with phenylalanine,
tyrosine and alanine amino acides in the BuChE enzyme.In conclusion to evaluate all obtained
data, has been considered that these compounds can be evaluated as lead compounds for the
development of new drugs for neurodegenerative disorders and may be suitable for further
studies.
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Abstract

With more than 130 species, Eustigmaeus Berlese is one of the most diverse genera in the family of Stigmaeidae.
The genus has a worldwide distribution and is found in all zoogeographic regions with the exception of
Antarctica. The adult female, adult male, deutonymph, protonymph, and larva of Eustigmaeus anauniensis
(Canestrini) are known till now, but the immature male stage is unknown. In this study, five deutonymph male
specimens of E. anauniensis were found in Tiirkiye. The description, illustrations of deutonymph males of E.
anauniensis, and its measurements of some body parts were made. This is the first record of deutonymph male
of E. anauniensis.

Keywords: Acari, first record, immature, mite, Tiirkiye

Eustigmaeus anauniensis’in (Canestrini) (Trombidiformes: Stigmaeidae) Erkek
Deutonimfinin Ik Tanim

Oz

Eustigmaeus Berlese, 130°dan daha fazla tiirle Stigmaeidae familyasinin en ¢esitli cinslerinden biridir. Bu cins,
tim diinyada genis bir dagilima sahip olup, Antarktika harig¢ biitiin zoocografik bolgelerde bulunur. Su ana
kadar Eustigmaeus anauniensis (Canestrini) tiriiniin ergin disi, erkek, deutonimf, protonimf ve larvasi
bilinmekte; ancak ergin olmayan erkek bireyleri bilinmemektedir. Bu ¢alismada, E. anauniensis’in bes
deutonimf erkek 6rnegi Tiirkiye’den bulunmustur. E. anauniensis’in deutonimf erkeklerinin tanimi yapilarak

goriintiileri verilmis ayrica viicut pargalarinin l¢iimleri alinmistir. E. anauniensis’in deutonimf erkekleri ilk
defa bu ¢alismada kaydedilmistir.

Anahtar Kelimeler: Acari, ilk kayit, olgunlasmamus, akar, Tiirkiye
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1. Introduction

Members of the family Stigmaeidae live on plants, in soil, plant litter, mosses and lichens,
feeding on a variety of small arthropods, and some of which have long been considered
economically important predators of plant feeding mites [1-6]. The family Stigmaeidae
currently contains more than 640 species within 33 valid genera [3, 4, 6, 7].

Mites of the genus Eustigmaeus Berlese are generally free-living but a few are parasitic on sand
flies [8, 9]. Eustigmaeus is one of the largest genera of the Stigmaeidae. This genus comprises
more than 130 species worldwide [3, 4, 6, 7], 28 of which have been reported from Tiirkiye [9,
10].

Eustigmaeus anauniensis was originally described by Canestrini (1889). Summers (1957)
synonymised Eustigmaeus granulosus Wilmann, 1951 with Raphygnathus pectinatus (sic)
Ewing, 1917. Afterwards, Wood in 1973, synonymised Raphignathus pectinatus Ewing, 1917
with E. anauniensis (Canestrini, 1889), and he stated that the specimens named as
Ledermuelleria pectinata (Ewing) by Marshall and Kevan (1964) belonged a separate species
and described them as Ledermuelleria collegiensis Wood, 1972 [11-15]. Faraji et al. (2007) and
Donel and Dogan (2011) suggested that E. kentingensis Tseng, 1982 to be a synonym of E.
anauniensis (Canestrini, 1889); however, this possibility was not supported by Fan et al. (2016)
[3, 16-18].

Eustigmaeus anauniensis (Canestrini) is widely distributed and has been recorded from many
countries including Tirkiye [3, 4, 10]. This species can be recognized by having eyes, dorsal
dimples with punctuations, dorsal body setae bushy, not bearing hyaline sheaths, setae c, similar
other dorsal body setae, endopodal shields fused, femur Il with four setae, three pairs of
aggenital setae in female.

Undescribed deutonymph males of E. anauniensis were collected from Tiirkiye. The aim of this
study is to describe deutonymph male of E. anauniensis.

2. Materials and Methods

The mite specimens were extracted by using Berlese-Tullgren funnels, cleaned in 60% lactic
acid, mounted on microscope slides in Hoyer’s medium, and viewed with a Leica DM 4000B
microscope [1, 19]. The designations for idiosoma, palp and leg setae follow those of Grandjean
(1944, 1946) and Kethley (1990) [20-22]. Leica Application Suite (LAS) Software Version 4.8
was used to take in micrometers (um) the measurements, which were provided as a range. Setal
formulae of leg segments are given with solenidia in parentheses. The examined specimens
were deposited in EBYU (Acarology Laboratory of Erzincan Binali Yildirirm University,
Erzincan, Tiirkiye).
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3. Results

Eustigmaeus anauniensis (Canestrini, 1889) (Figures 1-12)
Raphignathus anauniensis Canestrini, 1889: 511.

Description of the deutonymph male (n=5) (Figures 7, 8)
Length of body: 233-320. Width of body: 165-210.

Gnathosoma. Gnathosoma 49-58, chelicerae 61-69, palp 74-79 long. Subcapitulum with
two pairs of adoral setae (ori2) and two pairs of subcapitular setae (m, n). Dimensions and
distance between subcapitular setae, m 7-10, n 6-8, m—m 16-19, n—n 18-21, m—n 6-10. Number
of setae on palp segments: Tr 0, Fe 3, Ge 2, Ti 2 +1 claw, Ta 5 (+ 3 fused eupathidia, + 1 ®).

Dorsum. Dorsal shields slightly dimpled and punctuated. Eyes present, post-ocular
bodies absent. Eyes 7-9 in diameter. Dorsal setae barbed. Lengths and distances of dorsal
idiosomal setae as follows: vi 15-23, ve 16-20, sci 12-17, sce 14-22, ¢1 13-18, ¢ 18-33, d1 14-
19, d» 12-19, e1 18-24, e, 18-27, f1 36-40, hy 22-25, hy 22-28, vi-vi 24-32, ve—ve 65-72, vi-ve
23-35, sci-sci 109-127, ve—sci 26-31, sce—sce 136-156, sci—sce 29-34, c1—C1 52-67, co—C2 141-
177, do>—d» 132-154, c1—d1 38-42, c1—d» 48-52, di—d1 36-45, d>—d; 46-51, ex>—e» 93-110, do—e2
42-48, d1—e1 41-45, di—e2 40-47, e1—e1 39-48, ex—e1 24-27, f1—f1 40-49, e1—f1 23-26, ex—f1 42-45,
hi—h1 14-19, ho—hy 35-46, hi—h, 10-11.

Venter. Coxisternal shields divided in midline and bearing setae la, 3a and 4a.
Dimensions of the setae and distances between them as follows: la 8-10, 3a 10-12, 4a 6-9, la—
la 20-26, 3a—3a 20-26, 4a—4a 14-29. Aggenital shield with two pairs of setae. Three pairs of
pseudanal setae present. Aggenital setae ag: 6-8, ag» 7-9. Pseudanal setae psi 4-7, ps2 6-10, ps3
9-10.

Legs. Formulae of setae and solenidia on legs I-1V: coxae 2-2—-2-2, trochanters 1-1-2—
0, femora 6-4-3-2, genua 3(+1k)-2(+1k)-0-0, tibiac S5(+lo+lep)-5(+1ep)-5(+lep)-
5(+1p), tarsi 13(+10)-9(+1w)-7(+1w)—7. Measurements of legs I-1V 114-119, 94-121, 100-
119, 110-124 respectively.

Materials examined
232 99, 1743, 18 deutonymphs, 5 deutonymph males, 22 protonymphs, 17 larvae.

1Q from litter under oak, 39°36'06.0"N 39°08'58.5"E, 1376 m a.s.l., 26 April 2022; 19 from
litter under oak, 39°36'34.31"N 39°9'18.62"E, 1138 m a.s.l., 29 October 2022; 3 protonymphs,
3 larvae from litter under oak, 39°36'08.4"N 38°39'30.4"E, 1624 m a.s.l., 25 June 2022; 222,
1 deutonymph and 1 protonymph from same habitat, 31 July 2022; 69 9 from same habitat, 28
October 2022; 19 from same habitat, 24 December 2022; 499 and 1 deutonymph from same
habitat, 28 January 2023; 99 ¢ from same habitat, 26 March 2023; 289 ¢ from litter under oak,
39°36'45.2"N 38°39'59.7"E, 1715 m a.s.l., 26 April 2022; 299 from same habitat, 29 May
2022; 19, 1 deutonymph male, 4 protonymphs and 7 larvae from same habitat, 26 June 2022;
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1 deutonymph and 1 larva from same habitat, 31 July 2022; 1792, 283 and 2 larvae from
same habitat, 27 September 2022; 49 ¢ from same habitat, 28 October 2022; 39 % from same
habitat, 28 November 2022; 229 9 from litter under oak, 39°36'16.1"N 38°39'54.3"E, 1693 m
a.s.l., 26 April 2022; 319 % from same habitat, 29 May 2022; 499, 1 protonymph from same
habitat, 26 June 2022; 1699 13, 1 deutonymph, 1 deutonymph male and 4 protonymphs from
same habitat, 31 July 2022; 19, 13, 6 deutonymphs, 1 deutonymph male, 2 protonymphs and
3 larvae from same habitat, 27 August 2022; 2122, 83, 4 deutonymphs and 4 protonymphs
from same habitat, 28 September 2022; 229, 243 and 1 deutonymph from same habitat, 29
October 2022; 299 from same habitat, 25 December 2022; 19 from litter under oak,
39°12'31.84"N 38°34'36.21"E, 922 m a.s.l., 28 October 2022; 19 from soil, 39°36'34.31"N
39°9'18.62"E, 1138 m a.s.1., 29 May 2022; 219 Q@ from same habitat, 27 January 2023; 19 from
soil, 39°36'45.2"N 38°39'59.7"E, 1715 m a.s.l., 27 August 2022; 19 from same habitat, 24
December 2022; 29 % from soil, 39°36'16.1"N 38°39'54.3"E, 1693 m a.s.l., 26 April 2022; 1
from moss, 39°36'18.9"N 39°0920.7"E, 1176 m a.s.l., 28 January 2023; 19 from moss,
39°36'34.31"N 39°9'18.62"E, 1138 m a.s.l., 25 March 2023; 19 from moss, 39°36'08.4"N
38°39'30.4"E, 1624 m a.s.l., 28 October 2022; 1 deutonymph from same habitat, 26 March
2023; 822, 244, 1protonymph from moss, 39°36'45.2"N 38°39'59.7"E, 1715 m a.s.l., 27
September 2022; 29 9 from same habitat, 24 December 2022; 109 9, 1 deutonymph from same
habitat, 26 March 2023; 39 % from moss, 39°36'16.1"N 38°39'54.3"E, 1693 m a.s.l., 26 June
2022; 13 from same habitat, 28 September 2022; 19 from grassy and mossy soil, 39°36'18.9"N
39°09'20.7"E, 1162 m as.l., 26 June 2022—the Karasu Valley, Erzincan, Tirkiye. 1
deutonymph from moss, 39°35'08.7"N 39°52'12.4"E, 1357 m a.s.l., 13 October 2018; 1
deutonymph male from soil and litter under oak, 39°31'43.3"N 39°54'21.7'E, 1719 m a.s.l., 22
June 2019; 1 larva and 1 protonymph from moss, same habitat, 22 June 2019; 1 protonymph
from soil and litter under oak, 39°23'51.4"N 39°46'50.3"E, 1508 m a.s.l., 22 June 2019; 1
deutonymph male from moss, 39°23'32.2"N 39°47'05.7"E, 1534 m a.s.l., 18 August 2019—
Tunceli, Tirkiye.

Distribution

Austria, Azerbaijan, Canada, China, Crimea, Holland, Hungary, Iran, Israel, Italy, Japan,
Latvia, Lithuania, Poland, Russia, Slovakia, Taiwan, Tiirkiye, Ukraine and USA [3, 4, 13 ,15].

4. Discussion and Conclusion

Four active postembryonic developmental stages are typically present in members of the family
Stigmaeidae: the six-legged larva, the eight-legged protonymph, the deutonymph, and the adult.
The lack of genital setae allows the protonymph and deutonymph stages to be clearly
distinguished from adult stages; the genitalia of the larva are absent [23].

During the nymphal examination, we noticed that five specimens of Eustigmaeus anauniensis
are different from the other deutonymphs. They are identified as deutonymph males. In general,
the male deutonymphs, are similar to female deutonymphs except for the numbers of aggenital
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setae (Table 1). Male deutonymphs resemble adult males in having two pairs of aggenital setae
(Table 1).

Table 1. Distinguishing features of mature and immature stages of Eustigmaeus anauniensis.

Characters Larva Protonymph Deutonymph Deutonymph Adult female Adult male
female male

Number of setae 4 , 2220 2222 2222 2222 272272

on coxae I-1V

Number of setae

on trochanters I-  0-0-0 0-0-1-0 1-1-2-0 1-1-2-0 1-1-2-1 1-1-2-1

v

Number of setae 3 4431 6432 6432 6432 6-4-3-2

on femora I-1V

Number of setae  2(+1x)- 3(+1k)-2(+1k)-  3(+1x)- 3(+1x)- 3(+1x)- 3(+1k) —

on genua I-IV 2(+1x)-0 0-0 2(+1x)-0-0 2(+1x)-0-0 3(+1k)-1-1 3(+1k)-1-1

Ventral setae 4a - - + + + +

Number of pairs

of subcapitular 0 1 2 2 2 2

setae

Number of pairs

of  aggenital 0 1 3 2 3 2

setae

+ present, — absent

Although all life stages of this species have been recorded, deutonymph males have not been
identified yet. With this study, this life stage is described and illustrated for the first time. To
the best of knowledge, this stage in the genus has only been detected in Eustigmaeus bochkovi
by Khaustov (2019) [24].
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