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Editorden;

Degerli okurlar ve yazarlar,

“International Journal of Life Sciences and Biotechnology” olarak dergimizin on besinci sayisini yayin
hayatina sunmaktan mutluluk ve onur duyuyoruz. “International Journal of Life Sciences and
Biotechnology” dergisi arastirma- gelistirme ve uygulama ilkeleri baz alinarak yayinlanan uluslararasi
hakemli acik erisimli akademik bir elektronik dergidir.

“International Journal of Life Sciences and Biotechnology” dergisi Yasam Bilimleri, Biyoloji,
Biyoteknoloji, Biyomiihendislik, Ziraat Bilimleri, Gida Biyoteknolojisi ve Genetik alanlarindaki ilgili
aragtirmacilara, kurum ve kuruluslara teorik ve pratik uygulamalarda katki saglamayi, tarafsizlik ve
bilim etigi ilkelerine bagh kalarak ¢6ziim temelli, yenilik¢i ve katma degeri olan ¢alismalara odaklanan,
giinceli ve gelecegi tartisan ¢alismalarin yayimlanmasini hedeflemektedir.

Bu diistincelerle 2023 yili birinci sayisin1 yayinladigimiz “International Journal of Life Sciences and
Biotechnology” dergisini, makaleleri ile onurlandiran akademisyenlere, Fikir / Goriis / Oneri / Katki ve
Elestirileri ile degerlendirme siireglerine katkilarindan dolay1 hakem ve yayin kurullarinda yer alan
kiymetli bilim insanlarina yiirekten tesekkiir ediyoruz. Bir sonraki sayida goriismek imidiyle...

15.04. 2023
) ) Editor
Dr. Ogrt. Uyesi Yilmaz KAYA



From The Editor;

Dear Readers and Authors,

As “International Journal of Life Sciences and Biotechnology”, we are pleased and honored to present
the 15th issue of the journal. "International Journal of Life Sciencesand Biotechnology" is an international
double peer-reviewed open access academic journal published on the basis of research- development and
code of practice.

The aims of this journal are to contribute in theoretical and practical applications in relevant researchers
of Life Sciences, Biology, Biotechnology, Bioengineering, Agricultural Sciences, Food Biotechnology
and Genetics institutions and organizations in Turkey, and to publish solution based papers depending
on the principle of impartiality and scientific ethics principles, focusing on innovative and added value
work, discussing the current and future.

With these thoughts, We are especially thankful to academicians honoring with the articles, valuable
scientists involved in editorial boards and reviewers for their contributions to the evaluation processes
with through their opinions/ideas/contributions/criticisms in the first issue of 2023 "International Journal
of Life Sciences and Biotechnology". Hope to see you in the next issue...

15. 04. 2023
Editorin Chief
Assist. Prof. Dr. Yilmaz KAYA
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Research Article

Yigit U., et al., Antifungal activity and optimization procedure of silver nanoparticles green synthesized
with Prunus laurocerasus L. (cherry laurel) leaf extract. International Journal of Life Sciences and
Biotechnology, 2023. 6(1): p. 1-20. DOI: 10.38001/ijlsh.1168628

Antifungal activity and optimization procedure of silver
nanoparticles green synthesized with Prunus laurocerasus L.
(cherry laurel) leaf extract

Ugur Yigit*', Yaren Gurel*™* , Hasan Ilhan?"* , Muharrem Turkkan®”

ABSTRACT ARTICLE HISTORY
In this study, green synthesis conditions of silver nanoparticles (AgNPs) synthesized Received

with Prunus laurocerasus (cherry laurel) leaf extract as reducing and coating agent were 09 September 2022
optimized using Box-Behnken design (BBD). Three important synthesis factors such as Accepted

the concentration (M) of silver nitrate (AgNQs), pH of cherry laurel leaf extract, and 04 December 2022

reaction temperature (°C) were used as independent variables of the model, and the
absorbance intensity originating from AgNPs was employed as a dependent variable.
Statistical analyzes showed that the optimized conditions for the predicted absorbance
at 405 nm (2.35 A.U) were determined at a concentration of 0.01 M AgNQOs, a pH of
9.0, and a temperature of 50°C. The validity of the developed model was verified, and
the average absorbance from six experimental runs was recorded as 2.26 (A.U) with an
error of 14.86%. The synthesized AgNPs were characterized using Ultraviolet—Visible
(UV-Vis) Spectroscopy, Fourier Transform Infrared (FT-IR) Spectroscopy, and
Scanning Electron Microscopy—Energy Dispersive X-ray Spectroscopy (SEM—EDS). In
addition, in vitro trials revealed that the synthesized AgNPs exhibited antifungal activity
against all five fungal kiwifruit pathogens tested. The ECso values of synthesized AgNPs
were 10.88, 9.30, 7.15, 25.16, and 53.77 ug/ml for Phytopythium vexans,
Globisoprangium sylvaticum, G. intermedium, Phytophthora citrophthora, and
Rhizoctonia solani, respectively. With the exception of the MIC values of two
Globisporangium species (120 pg/ml), both MIC and MFC values of the remaining
three species were found to be above 150 pg/ml. The results of this study indicate that
AgNPs synthesized with cherry laurel leaf extract should be further investigated for use
in the control of fungal root and stem rot diseases in Kiwifruit.

KEYWORDS
Prunus laurocerasus,
silver nanoparticle,
Box-Behnken design,
antifungal activity

Introduction

Today, silver (Ag) nanoparticles (NPs) are of great interest due to their optical, catalytic,
mechanical, electrical, and biosensing properties [1, 2, 3]. AgNPs also have strong
antimicrobial activity and are widely used in the pharmaceutical industry as an ingredient
in the preparation of human health drugs [4]. In many studies, it has been shown that
AgNPs can be synthesized by chemical and physical methods, but it has become

1 Ordu University, Faculty of Agriculture, Department of Plant Protection, 52200 Ordu, Turkey
2 Ordu University, Faculty of Science, Department of Chemistry, 52200 Ordu, Turkey
*Corresponding Author: Muharrem Tiirkkan, e-mail: muharremturkkan@gmail.com;
muharremturkkan@odu.edu.tr
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necessary to find an alternative method due to the use of large amounts of toxic chemicals
in the synthesis process [5, 6, 7, 8, 9, 10, 11]. On the other hand, the biological approach
based on living organisms (bacteria, fungi, lichens, plants, etc.) offers a reliable, simple,
rapid, non-toxic, and environmentally friendly solution [12, 13, 14, 15]. Among these
bio-resources, plants are more popular as they are readily accessible, non-toxic, and easily
processed. Plants also have many biologically active compounds such as polyphenols,
organic acids, and proteins that serve not only as reducing agents but also as capping
agents making synthesis an easy process [16, 17]. The green synthesis of nano-sized silver
nanoparticles using alfalfa sprouts (variety Mesa) was first reported by Gardea-Torresdey
[18]. Recently, extracts of various plant parts such as leaves, flowers, fruits, rhizomes,
seeds, etc. have been successfully used in the synthesis of AgNPs. Azadirachta indica
(leaf extract) [1], Aloe vera (leaf extract) [1], Camellia sinensis (plant extract) [21],
Cinnamon zeylanicum (bark extract) [22], Jatropha curcas (seed extract) [23], Musa
paradisiaca (peel extract) [24], Acalypha indica (leaf extract) [25], Macrotyloma
uniflorum (seed extract) [26], Prosopis juliflora (leaf extract) [27], Pimenta dioica (leaf
extract) [28], Alstonia scholaris (bark extract) [29], Eucalyptus oleosa (plant extract)
[30], Artemisia absinthium (leaf extract) [31], Atrocarpus altilis (leaf extract) [32],
Camellia japonica (leaf extract) [33], Rubus glaucus (fruit extract) [34], Nigella arvensis
(leaf extract) [35], Prosopis juliflora (bark extract) [36], Pueraria tuberosa (tuber extract)
[37], Berberis vulgaris (leaf and root extracts) [38], Erodium cicutarium (plant extract)
[39], Teucrium polium (stem and flower extracts) [40], Zingiber officinale (rhizome
extract) [41], Clitoria ternatea (flower extract) [42], Diospyros malabarica (fruit extract)
[43], Malva parviflora (leaf extract) [44], and Psidium guajava (leaf extract) [45] are
examples of plants used in AgNPs synthesis. Of these, the AgNPs synthesized with
extracts of A. absinthium and M. parviflora have been shown to be a potent inhibitor
against Alternaria alternata, Helminthosporium rostratum, Fusarium solani, F.
oxysporum, Phytophthora capsici, and P. parasitica [31, 44]. In addition, several others
have been reported to exhibit antibacterial activity [22, 25, 38].

Prunus laurocerasus L. (cherry laurel), which belongs to the Rosaceae family, is an
evergreen shrub or small tree native to Europe, the Caucasus, Iran and Tirkiye [46].
Cherry laurel is cultivated in the Black Sea region of Tiirkiye for its fruits and is known

as Karayemis or Taflan. In Turkish traditional medicine, cherry laurel leaves are used in



the treatment of asthma, coughs, and dyspepsia [47, 46]. Sahan also determined that
aqueous and ethanolic extracts of cherry laurel leaves have antifungal activity against
various bread molds (Aspergillus, Mucor, Penicillium, and Rhizopus) [48]. Previous
studies have shown that cherry laurel is a rich source of various biochemicals such as
protein, sugar, ascorbic acid, minerals, and antioxidants [46, 48]. Furthermore,
Karabegovic et al. determined that both leaf and fruit extracts contain high amounts of
phenolic and flavonoid compounds [49]. Thus, these compounds may serve to produce
AgNPs by mediating the reduction of silver ions.

Response surface methodology (RSM), a statistical and graphical technique, is a widely
used methodology for designing models and analyzing various manufacturing problems
[50]. RSM helps to identify factors, examine interactions and optimal conditions,
compute the optimum level of variables, and ensure maximum production in a constant
number of experiments.

In this study, silver nanoparticles synthesized using cherry laurel leaf extract were
optimized using Box-Behnken design (BBD). AgNPs synthesized under optimized
conditions were characterized by Ultraviolet-Visible (UV-Vis) Spectroscopy, Fourier
Transform Infrared (FT-IR) Spectroscopy, and Scanning Electron Microscopy—Energy
Dispersive X-ray Spectroscopy (SEM-EDS). In addition, their antifungal activities on
some important fungal disease agents that cause root and stem rot in kiwifruits were

evaluated under in vitro conditions in the laboratory.
Material and Methods

Plant material, chemicals, and fungal cultures

The leaves of Prunus laurocerasus (cherry laurel) were collected from Giilyal district of
Ordu, Tirkiye (40°57'58.8"N 38°00'00.4"E).

Silver nitrate (AgNO3), sodium hydroxide (NaOH) and hydrochloric acid (HCI) from
Merck (Darmstadt, Germany), and potato dextrose agar (PDA) medium were purchased
from BD Difco (Sparks, MD, USA).

Phytopythium vexans, Globisoprangium sylvaticum, G. intermedium, Phytophthora
citrophthora, and Rhizoctonia solani AG 4 HG-I isolates causing root and stem rot in
Kiwifruit were obtained from fungal culture collection of the Faculty of Agriculture,

Department of Plant Protection, Mycology Laboratory (Ordu University).



Preparation of plant extract
Cherry laurel leaves were surface cleaned with running tap water to remove the debris,
then washed with distilled water and dried with a paper towel. Afterward, they were dried
in an oven at 60°C for 4 days and ground into a fine powder using a blender. Twenty
grams of the leaf powder were mixed with 100 ml of distilled water in a 500 ml flask and
stirred continuously for 30 min at 80°C using a heater stirrer. After cooling, the extracts
were centrifuged and filtered through Whatman No. 1 filter paper and then kept in a
refrigerator at 4°C.
Green synthesis of AgNPs
In this experiment, solutions of AgNOs in distilled water at 0.001, 0.0055, and 0.01 M
concentrations were prepared and used as the metal source (Ag) for AgNPs biosynthesis.
To synthesize AgNPs, 10 ml of cherry laurel leaf extracts at different pHs (5, 7, and 9)
was added to 90 ml of the above aqueous solutions and vigorously stirred at various
temperatures (25, 50, and 75°C) for 30 min. The reduction of Ag+ ions to Ag® ions was
confirmed by the color change from colorless to dark brown. The precipitates of each
sample were obtained by centrifuging at 20000 rpm for 15 min. The collected NPs were
washed three times with double distilled water and the washed samples were suspended
in 5 ml of distilled water.
Statistical optimization of AgNPs synthesis
Box-Behnken design (BBD) from RSM was used to evaluate the effect of independent
variables (silver nitrate concentration, pH of plant leaf extract, and reaction temperature)
on the synthesis of AgNPs and also to find an optimum condition. Each variable was
coded at three levels of +1 (high), 0 (middle) and -1 (low) (Table 1). A Box-Behnken
was designed, consisting of a total of 17 runs with five repetitions at the central point
(Table 2). The following quadratic polynomial equation was used to compute the
relationship between the three independent variables and the response.
Y=Bot+B1A+P2B+PsC+PB11A*B22B?+P33C3+PB12AB+B13AC+HP23BC
where Y is the predicted response (predicted absorbance of AgNPs), A, B, and C are the
independent variables, Bo is the regression coefficient at center point, 1, B2, and B3 are
the linear coefficient; B11, P22, and Bs3 are the quadratic coefficients, and P12, P13, and P23
are the second order interaction coefficients.



All analyzes were performed with version 13 of the Design Expert program (Stat-Ease,
Inc., USA). The program was used for regression analysis of the data obtained and to
estimate the regression equation coefficient. The fitted model was then plotted in the form
of perturbation, 3D response surface, and 2D contour plots to illustrate the relationship
between responses. Finally, experimental sets were made using the suggested optimum
combination to validate the developed model.

Table 1 Level of variables chosen for Box-Behnken design
Coded

factor Variables Unit - Minimu - Maximu Coded Low  Coded High  Mean Std.

s S m m Dev.

A AgNOs . M 0.001 0.01 -1+ 0.001 +1 < 0.01 0.005 0.003
concentration 5 2
pH of cherry

B laurel leaf - 5.00 9.00 -1 5.00 +1 < 9.00 7.00 141
extract

C Reaction oC 2500  75.00 -1<2500 +1< 7500 50.00 17.68
temperature

Table 2 Experimental design using Box-Behnken showing coded and actual values along with
the experimental and predicted responses

Absorbance (405 nm)

fun AoNOwcomnialon pctehay el | fescion | paual_ prdetd
1 -1 0 -1 0.5857 0.7601
2 1 0 1 1.7246 1.5500
3 0 0 1.5988 1.6600
4 0 1 1 1.8395 1.9600
5 0 0 1.7943 1.6600
6 1 0 -1 1.7112 1.7100
7 1 -1 0 0.3532 0.4772
8 0 -1 -1 1.1539 1.0300
9 0 0 0 1.5968 1.6600
10 -1 1 0 0.7398 0.6158
11 1 1 2.2945 2.3500
12 -1 0 0.6021 0.6046
13 0 1 -1 2.1188 2.0700
14 -1 -1 0 0.3674 0.3145
15 0 0 0 1.5703 1.6600
16 0 -1 1 0.7753 0.8257
17 0 0 0 1.7173 1.6600

Characterization of AgNPs
UV-Vis analysis of the synthesized AgNPs was performed with a UV-Vis Spectrometer
(Lambda 35, Perkin Elmer, Inc., MA, USA). A 200 ul solution containing AgNPs was



diluted with 2 ml of distilled water. The spectra of AgNPs were obtained in the
wavelength range of 200-700 nm at 1 nm resolution using a quartz cuvette. Baseline
correction was done using distilled water as the blank.

Infrared spectra of the AgNPs were recorded on Fourier Transform Infrared (FT-IR)
Spectroscopy (Spectrum 65, Perkin Elmer, Inc., MA, USA). One mg of the synthesized
NPs was mixed with 200 mg KBr, then pressed into a pellet. FT—IR spectra from the
nanoparticles were collected at the wave number range of 4000-400 cm™ in the
transmittance mode.

Chemical composition and morphology analysis of the AgNPs were carried out using a
Hitachi Scanning Electron Microscope (SEM) (SU-1510, Hitachi High-Technologies
Corp., Tokyo, Japan) coupled with Energy Dispersive X-ray Spectroscopy (EDS).
Antifungal effect of the synthesized AgNPs on fungi

Antifungal activities of the synthesized AgNPs against the fungi were tested according to
Tiirkkan with a minor modification [51].

Different concentrations of AgNPs (15, 30, 60, 90, 120, and 150 ug/ml) were added to
autoclaved and then cooled PDA medium at 55°C. A 15 ml aliquot of modified PDA
medium was aseptically dispensed into a Petri plate (8-cm-dia.), with an unmodified PDA
plate used as a control. A 5 mm diameter mycelial disc from 7-day-old fungal cultures
was placed in the center of each plate and incubated at 25°C in the dark after sealing the
plates with Parafilm. When control fungal colonies covered plates (2-7 days), all colony
diameters were measured at two perpendicular points. The growth values were converted
into percent inhibition of the mycelial growth inhibition (MGI) in relative to controls
using the formula MGI (%) = [(dc — dt)/dc]* 100, where dc represents the fungal growth
diameter of the control and dt represents the fungal growth diameter of the modified
plates. The experiment was performed twice with 3 replications for each fungus.

Probit analysis (IBM SPSS Statistics, Version 22; IBM Company, Chicago, USA) was
used to compute the concentrations of the AgNPs that caused a 50% reduction (ECsp) in
mycelial growth of the fungi. The minimum inhibitory concentration (MIC) value, which
totally inhibited mycelial growth, was also found by parallel experiments.

Toxicity (fungistatic/fungicidal) of the AgNPs was evaluated according to Thompson and
Tripathi et al. [52, 53]. PDA discs taken from modified plates that exhibited no fungal

growth were re-inoculated with unmodified PDA plates and then monitored for 9 days at



25°C revivals of growth. At the end of this period, the minimum AgNPs concentration
required to completely and irreversibly inhibit fungal growth was recorded as the

minimum fungicidal concentration (MFC) value.
Results and Discussion

Optimization of process parameters by response surface methodology (RSM)

In this study, the Box-Behnken design was used to determine the optimum experimental
condition for the synthesis of AgNPs. Considering the peak intensity, three independent
synthesis factors including the concentration of AgNOgz solution, pH of the plant leaf
extract, and reaction temperature were investigated to obtain the optimal surface plasmon
resonance (SPR) band of the synthesized AgNPs.

In preliminary studies, pH was shown to be one of the most effective variables in the
synthesis of AgNPs. Therefore, a series of syntheses were performed to determine the pH
range in the research, with a one-at-a-time approach based on varying the pH (4-10) and
constant amounts of other two factors (AgNO3z =0.001 M and temperature = 50°C). Silver
nanoparticle synthesis occurred in the pH range of 5-10 but did not produce SPR as AgNP
was suppressed at pH 4 (Fig 1). Furthermore, a fairly broad SPR peak (470 nm) was
observed at pH 5.0; this may be related to the agglomeration of NPs at acidic pH, which
results in an increase in the size of the NPs [54]. In contrast, at pH 9.0, a relatively narrow
SPR peak was observed with Amax at 405 nm which can be due to an increase in the small
diameters of nanoparticles. Veerasamy et al. reported that high pH values facilitate the
binding of more AgNPs with many functional groups available for silver bonding [55].
Vanaja et al. also stated that nanoparticle formation was ascended with increasing pH
[54]. Therefore, the pH values (5, 7, and 9) of acidic, neutral, and alkaline solutions were
used in the Box-Behnken design.

The Box-Behnken design for three factors was constituted with a total of 17 runs. The
absorbance intensity of the SPR was used as the response of the Box-Behnken design and
modeling resulting from the absorbance of 17 AgNP synthesized at 405 nm (Table 2).
In order to determine the optimal values of AgNP synthesis, the Design Expert program
proposed a quadratic model to correlate the relationship between experimental factors and
response. The developed model is expressed in terms of coded (1) and actual (2) factors
as follows:

Y (Absorbance) = 1.66+0.4736A+0.5429B—0.0785C—0.5164A2—0.2004B%+0.0168C?+



0.3922AB-0.0008 AC+0.0248BC 1)

Y (Absorbance)= —1.97563+81.00556A+0.708307B—0.009263C—-25500A2
—0.050100B2+0.000027C?+43.58056AB—0.006667AC+0.000496BC 2)
Where Y is the obtained absorbance (405 nm) as an indication of the SPR intensity; A is
silver nitrate concentration; B is pH value of plant leaf extract; and C is the reaction
temperature.

The significance of this quadratic model was checked with an analysis of variance using
the F-test (Table 3). The model F-value of 28.39 implies that the model is statistically
significant. There is only a 0.01% chance that an F-value this large could occur due to
noise while p-values are 0.0001. P-values less than 0.05 indicate that the developed
quadratic model and model terms are significant. In this case, A, B, AB, A2 and B2 are
significant model terms. The Lack of Fit F-value of 4.75 means that the Lack of Fit is

negligible compared to pure error and is a good indicator for the model.
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Fig 1 Visual observations and UV-Vis spectra of reaction mixtures with different pHs at fixed
values of AgNO; concentration (0.001 M) and reaction temperature (50°C)

In our study, the regression coefficient (R? = 0.9733) means that 97.33% of both observed
and predicted data can be explained by using this model (Fig 2a, Table 4). It is reported
that a suitable statistical model should result in R?~1 [56]. Adequate precision measures

the signal-to-noise ratio, and a ratio greater than 4 is desirable. The ratio of 17.0674



indicated an adequate signal; hence, the model can be used to continue the design process.
In the developed model, the residuals show a random distribution between the predicted
and actual (observed) values, which shows that all the residual values lie along a straight
line without large deviations, confirming the normality of the error distribution (Fig 2b).
It is also shown in Fig 2(c) that not only is the residue randomly distributed on both sides
of the zero line but is also within the acceptable range. Mondal and Purkait stated that the
residuals between predicted and actual values should be in the range of +3%,
demonstrating that the constructed model is sufficient [57]. The perturbation plot shows
that AgNOs concentration (A) and pH of the plant leaf extract (B) have a large positive
effect on increasing the amount of AgNP synthesis, but the effect of the reaction
temperature (C) is quite limited (Fig 2d).

In the study, 3D response surface and 2D contour plots were used to show the interactions
among variables and their mutual effects on the response (absorbance) (Fig 3). Fig 3(a)
shows the relationship between AgNO3z concentration (A) and pH of the plant leaf extract
(B), which has a similar effect on the AgNPs synthesis. As can be seen, AgNPs synthesis
was at its highest when both were increased. On the other hand, the increase in the reaction
temperature (°C) limited the AgNPs synthesis to some extent.

Table 3 Analysis of variance (ANOVA) for quadratic model

Source Sum of Squares df Mean Square F-value p-value
Model 6.16 9 0.6847 28.39 0.0001 significant
A-AGNOs 1.79 1 179 7439 <0.0001

concentration (M)
B-pH of cherry

2.36 1 236 97.75 < 0.0001
laurel leaf extract
C-Reaction 0.0493 1 0.0493 2.04 0.1958
temperature (°C)
AB 0.6154 1 0.6154 25.52 0.0015
AC 2.25E-06 1 2.25E-06 0.0001  0.9926
BC 0.0025 1 0.0025 0.1022  0.7585
A? 1.12 1 112 46.55 0.0002
B2 0.1691 1 0.1691 7.01 0.033
c? 0.0012 1 0.0012 0.0491  0.8309
Residual 0.1688 7 0.0241
Lack of Fit 0.1318 3 0.0439 4.75 0.0832 not significant
Pure Error 0.037 4 0.0093
Cor Total 6.33 16
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Fig 2 Diagnostic plots of AgNPs optimized using Box-Behnken design: (a) predicted versus
actual, (b) normality of residuals, (c) residuals versus predicted, and (d) perturbation

Table 4. Fit and model summary statistics

Std. Dev. 0.1553 R? 0.9733
Mean 1.33 Adjusted R? 0.9391
CV.% 11.71 Predicted R? 0.6578
Adeq Precision 17.0674
PRESS 2.17 -2 Log Likelihood -30.16
BIC -1.83 AlCc 26.5

Depending on the other two variables, it is seen that they may lead to higher AgNP
formation in the range of approximately 25-50°C (Fig 3b; 3c). Similarly, Sun et al. found
that the increase in temperature did not have a significant effect on the production
efficiencies of AgNPs [58]. Sanghi and Verma stated that silver ion reduction at higher
pH was favorable and proceeded at a higher rate [59]. Furthermore, Nikaeen et al.
reported that the interaction of pH and silver concentration has a greater effect on the
synthesis of AgNPs than other factors such as reaction temperature and time [60].

In the present study, the optimum values of AgNOz concentration, cherry laurel leaf
extract pH, and reaction temperature for the synthesis of AgNPs at 405 nm are 0.01 M,
9.0, and 50°C, respectively, and the absorbance value of the corresponding AgNPs is
2.35. We repeated the experimental synthesis of AgNPs using the parameters mentioned
above and obtained an absorbance value of 2.26 with an error value of 14.86% (Fig 4),
which is less than 20% (0.2) error value. Since the error value is lower than the standard
value (0.2) of Design Expert software, it has been verified that it is sufficient for the

optimization of the model parameters.
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temperature on absorbance, and (c) influence of cherry laurel extract pH and reaction temperature
on absorbance
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Characterization of AgNPs

UV-Vis spectral analysis

The solutions containing different runs in the Box-Behnken design caused a wide color
change, ranging from yellowish brown to dark brown, at the end of the reaction time (Fig
5). This color change indicates that the silver ions in the solution are reduced from Ag*!
to Ag’. It may be due to the excitation of the SPR [61], which is the typical feature of
AgNPs. Fig 5 shows the UV—Vis spectra of silver colloid as a function of the reactions
of Ag ions with the plant leaf extract. The characteristic SPR bands of AgNPs in the study
were observed between 405 and 472 nm, which was within the range previously reported
for AgNPs [60, 62]. The different absorption spectra in the formation of AgNPs indicate

the existence of different morphology and size variations [26].

Absorbance (A.U)

Wavelenght (nm)

Fig 4 Visual observations and UV—Vis spectra of AgNPs synthesized by six experimental runs
under optimum conditions

AgNO; Extract Run1 Run2 Run3 Run4d Run6é Run7 Run8 Run10 Runi11 Run12 Run1i3 Run14 Run1é

—~—

— — —— — — — — — — | — ——

Fig 5 Changes in solution colors confirming the formation of AgNPs in different experimental
runs

FT-IR studies

To get information about molecules and functional groups in newly synthesized AgNPs,
an FT—IR spectrum was used. Fig 6 illustrates the FT—IR spectrum of stabilized AgNPs.
The spectra indicate nanoparticle absorption bands at about 3370, 2920, 1604, 1357,

1242, 1026, 832 and 601 cm™*. Phenolic metabolites of cherry laurel leaf extract caused a

12



strong peak at 3370 cm™. The band at 2920 cm™ was related to the stretching vibration of
the alkane C—H bond. Perhaps the presence of the carbonyl group causes the C=0
stretching. The C=C stretching vibration of aromatic rings was responsible for the peak
at 1604 cm™. The C-N stretching of the aromatic amine group was shown by the peak at
1357,1319 cm™ in the spectrum. Furthermore, the peaks at 1242 and 1026 cm™ were
corresponded to C—N stretching, which occurred as a result of the presence of the amine
groups. Another band at 832 cm™ was typical of the aromatic ring. According to the
results, cherry laurel leaf extract contained proteins, phenolic compounds, flavonoids, and
aromatic groups, which were reported to be responsible for the reduction of Ag ions to
nanoparticles [19, 63, 64, 65].
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Fig 6 FT-IR spectra representing functional groups associated with cherry laurel leaf extract-
mediated reduction and stabilization of silver ions

SEM-EDS analysis

The size, shape, and morphologies of the synthesized AgNPs were characterized by SEM.
According to the SEM images of the silver nanoparticles (Fig 7a), the AgNPs had an
almost spherical morphology, with an average particle size of 80.39 nm. It is possible to
determine the composition and metal distribution of a sample using SEM and Energy
Dispersive X-ray Spectroscopy (EDS). Because of the SPR of AgNPs, Magudapatty and
groups demonstrated that optical absorption peaks of silver nanoparticles emerged at
almost 3 keV [66]. AgNPs with a crystalline character were found to provide a peak in
the 3 keV area in our EDS profiles (Fig 7b).
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EDS spectra showed that oxygen (O), carbon (C), phosphorus (P), and chlorine (CI) were
found in the residual materials that surround NPs and the SEM grid that was used to
prepare them. The synthesized AgNPs had a strong Ag atom signal compared to the
signals from C, O, Cl, and P. Fig 7(c) displayed the EDS mapping of green synthesized
AgNPs. The EDS mapping result for Ag, C, O, and CI was shown in the image of
respective blue, red, green, and purple colors. AgNPs were confirmed by the EDS
elemental mapping analysis, which revealed a signal of Ag (blue). In addition, the SEM
results showed that the particles are well dispersed and uniformly distributed.
Antifungal activity of the synthesized AgNPs

The results of the antifungal activity of AgNPs presented in Table 5 show that the
synthesized AgNPs reduced the mycelial growth of all five fungi tested. Among the fungi,
Globisporangium intermedium was found to have the most sensitive against the
synthesized AgNPs, followed by G. sylvaticum and Phytopythium vexans. The AgNPs at
120 pg/ml concentration completely inhibited G. intermedium and G. sylvaticum.
However, this effect was observed to be fungistatic and re-developed when inoculums of
both fungi were transferred to a fresh PDA medium. On the other hand, for the remaining
three fungi (P. vexans, Phytophthora citrophthora, and Rhizoctonia solani), both MIC
and MFC values of the synthesized AgNPs were greater than 150 pug/ml. In previous
studies, it was found that AgNPs synthesized by biological method exhibited strong
antifungal activity against various oomycetes (Phytophthora capsici, P. cinnamomi, P.
infestans, P. katsurae, P. palmivora, P. parasitica, P. tropicalis) and fungi (Alternaria
alternata, Botrytis cinerea, Curvularia lunata, Helminthosporium rostratum, Fusarium
solani, F. oxysporum, Macrophomina phaseolina, R. solani, and Sclerotinia
sclerotiorum) [31, 67, 44]. It is assumed that the antifungal activity of AgNPs is related
to their very small structure, shape, and form and that AgNPs act by disrupting the normal
functions of cell organelles after penetrating the microbial cell [68].

Table 5 ECso, MIC and MFC values of the synthesized AgNPs inhibiting mycelial growth of
kiwifruit fungal root and stem rot agents

Fungi ECso® (ug/ml)  MICP (ug/ml) MFCE (ug/ml)
Phytopythium vexans 10.88 > 150.00 > 150.00
Globisoprangium sylvaticum 9.30 120.00 > 150.00
G. intermedium 7.15 120.00 > 150.00
Phytophthora citrophthora 25.16 >150.00 > 150.00
Rhizoctonia solani 53.77 > 150.00 > 150.00

The concentration that caused 50% reduction.’Minimum inhibitory concentration.“Minimum fungicidal
concentration.
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Conclusion

In this study, AgNPs were synthesized by a green method using cherry laurel (Prunus
laurocerasus) leaf extract. Based on the RSM, the Box-Behnken design was used to
optimize three important experimental parameters in the biosynthesis process of AgNPs,
such as AgNOz concentration, pH of the plant leaf extract, and reaction temperature. The
optimum conditions of the experimental parameters are computed as 0.01 M, pH 9.0, and
50°C through a three-factor Box-Behnken design with 17 runs and this reaction condition
was experimentally verified. The synthesized AgNPs were characterized by UV-Vis,
SEM-EDS, and FT-IR analyzes. In addition, the synthesized AgNPs exhibited antifungal
activity against some kiwifruit fungal pathogens, such as P. vexans, G. sylvaticum, G.

intermedium, P. citrophthora, and R. solani.
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An Improved Method for Efficient DNA Extraction from
Grapevine
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ABSTRACT

Grapevine (Vitis vinifera L.) is one of the oldest and most important perennial crops

worldwide which has been the subject of extensive genetic studies including gene

mapping, genetic transformation, and DNA fingerprinting. Grapevines are rich in ARTICLE HISTORY
polysaccharides, polyphenolic compounds, and various secondary metabolites, many of Received

which have significant importance in food, agrochemical, and pharmaceutical 01 August 2022
industries. While metabolites are one of the indicators of quality of grapevines, the Accepted
presence of them makes grapevine one of the most difficult plants to extract DNA from. 14 November 2022

These metabolites not only affect DNA extraction procedures but also downstream
reactions such as restriction digestion and PCR. Development of new genotyping KEYWORDS

techniques based on sequencing such as genotyping by sequencing (GBS) requires high- grapevine,
quality DNA for digestion and sequencing. To date, several protocols have been DNA extraction,
developed for DNA extraction from grapevine. In this study, three different protocols restriction digestion,
with modifications were compared for DNA extraction performance from grapevine GBS

leaves from four different cultivars. Efficiencies of these methods were determined by
extracted DNA’s quantity and quality. To confirm the suitability for GBS, extracted
DNA was digested with restriction enzymes. Although all protocols were based on the
traditional CTAB method, they resulted in different DNA yield and restriction digestion
efficiency. The modified protocol including PVP-40 and 3-mercaptoethanol was found
to be the most efficient method to obtain high quality and quantity grapevine DNA that
is amenable to restriction digestion.

Introduction

Grapevine (Vitis vinifera L.), which belongs to Vitaceae family, is one of the most
important fruit crops worldwide since it is used in the production of wine, table grapes,
dried grapes, and grape juice [1-3]. Besides grape berries, grapevine leaves also have been
traditionally used in Mediterranean cuisine and have cultural importance [4]. Grapevine
leaves are generally large and petiolate, and appear to be shaped like a hand [5]. They are
rich in carotenoids, vitamins, minerals, volatile compounds, and phenolic compounds [6,
7]. In particular, flavonoids, tannins, anthocyanins and procyanidins are the phenolic

compounds found in grapevine leaves [8]. Grapes and their byproducts have been used
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in traditional medicine, including the treatment of skin diseases, bleeding, nausea,
inflammation, pain, diarrhea, and gastroenteritis, for thousands of years [9].

Grapevine has been the subject of extensive genetic studies including genetic
transformation, DNA fingerprinting, QTL and association mapping [10]. Although DNA
extraction from grape berries, stems, and seeds have been shown in different studies [11-
13], leaves are the most widely used plant organ for DNA extraction. Genomic DNA
extraction from grapevine leaves has always been problematic because of large amounts
of secondary metabolites [14, 15]. High polyphenol, polysaccharide and other secondary
metabolite content can interfere with DNA extraction and purification [16, 17]. Especially
difficult are the oxidized form of polyphenols, as they can covalently bind to DNA
interfering with the purification steps in DNA extraction [18, 19]. Also, polysaccharides
can affect downstream digestion and amplification processes by inhibiting restriction
enzyme and Taq polymerase activity, respectively. Polysaccharides in the extracted DNA
increase the viscosity of the solution which makes it difficult to work with and affects the
quality of DNA [20-23].

Molecular markers are generally used in DNA fingerprinting, population structure and
genetic mapping studies [24, 25]. Various molecular markers such as amplified fragment
length polymorphism (AFLP) [26], sequence characterized amplified region (SCAR)
[27], random amplified polymorphic DNA (RAPD) [28], sequence-related amplified
polymorphism (SRAP) [29] and simple sequence repeat (SSR) [30] have been utilized to
identify genetic diversities and population structures of grapevine. With the advancement
of next-generation sequencing (NGS) techniques, the cost of marker identification
decreased considerably. Results were obtained faster and more reliably while novel
applications such as genotyping-by-sequencing (GBS) have been developed [31]. GBS
offers a reliable and fast approach that can be applied to a large number of samples
simultaneously by reducing genome complexity and providing high SNP coverage [32].
The low cost and flexibility of the method make GBS a preferred tool for plant genetic
studies [33]. Yet, GBS requires high quality DNA suitable for enzymatic reactions such
as digestion and amplification [34].

DNA extraction process efficiency depends on a number of factors including plant tissue,

material storage conditions, and extraction buffer components such as detergents,
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chelating and reducing agents [16, 35]. To extract DNA from plants, various types of
plant tissues such as seeds, leaves, roots, callus, and endosperm can be used, with
optimization required for each tissue type. Collection method of tissue and storage
conditions are also important parameters for successful DNA extraction [36]. To avoid
degradation of DNA, liquid nitrogen or silica gels can be used and plant tissue should be
stored at proper conditions [35].

DNA extraction method should be efficient, rapid, simple and cost-effective especially if
working with a large number of samples [37]. In the past, various DNA extraction
methods were developed for grapevine [10, 38-40]. In addition to manual extraction
methods, commercial kits have become available. However, these Kits are expensive and
usually yield a small amount of DNA. Therefore, developing a standardized high yield
and cost-efficient DNA extraction protocol amenable to modern applications is crucial
for future grapevine studies [41, 42].

The aim of the present study is to evaluate three different DNA extraction protocols with
modifications and select the best one in terms of yield, quality, and suitability for
restriction digestion. The result is an optimized DNA extraction protocol from grapevine
using leaf samples. This protocol does not only provide extracted DNA suitable for GBS
and other sequencing methods but can also be used as a useful guideline that may be
applied to other plants.

Materials and Methods

Plant material

Fresh young grapevine leaves from four different cultivars, Alphonse, Hamburg misketi,
Royal, and Cardinal, were collected from the vineyard in Manisa Viticulture Research
Institute, Turkey (38°N, 27°E). Grapevine leaves were immediately frozen in the liquid
nitrogen and then stored at -80°C until DNA extraction.

Comparison of DNA extraction protocols

Fresh grapevine leaves (0.2 g) were ground using liquid nitrogen and a mortar and pestle
to a fine powder, and then transferred into 2 ml eppendorf tubes. After this common step,
the following protocols were used. A schematic overview of workflow for the protocols

is shown in Fig 1.
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Fig 1 Workflow for implemented DNA extraction protocols. BME: -mercaptoethanol, CTAB:
cetyl-trimethyl ammonium bromide, EDTA: ethylene diamine tetra acetic acid, N: nitrogen,
PVP-40: polyvinylpyrrolidone
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DNA extraction protocol 1

The extraction of DNA was performed using the in-house DNA extraction protocol of the
Diversity Arrays Technology (DAIT) with some modifications.
(https://www.diversityarrays.com/orderinstructions/plant-dna-extraction-protocol-for-
dart/). The CTAB-based DArT DNA extraction protocol includes extraction buffer, lysis

buffer and sarcosyl stock solutions as follows: Extraction buffer was prepared with 6.4%
(w/v) sorbitol, 5mM EDTA (pH: 8.0), 100 mM TrisHCI (pH: 8.0) in ddH»O. Lysis buffer
contained 2% (w/v) CTAB, 1 M NaCl, 50 mM EDTA, 200mM TrisHCI (pH: 8.0).
Sarcosyl stock was 5% (w/v). Final concentrations of sodium disulfite and PVP-40 in the
working solution were 0.5% (w/v) and 2% (w/v), respectively. Fresh working solution
was prepared by dissolving sodium disulfite and PVP-40 in extraction buffer and mixing
this solution with lysis buffer and sarcosyl stock at a ratio of 5:5:2. Leaf tissues were
ground in mortar and pestle under liquid nitrogen to fine powder and suspended in 1 ml
fresh buffer solution kept at 65 °C. The sample was incubated at 65 °C for 1 h with gentle
shaking and inverting the tubes every 15 minutes. After incubation, the mixture was
cooled down for 5 min and 1 ml of chloroform: isoamyl alcohol (24:1) was added and
mixed well for 15 min. The mixture was centrifuged at 10000 rpm for 20 min. The water
phase was transferred to new eppendorf tube and 1 ml ice cold absolute ethanol
(isopropanol in the original protocol by DArT) was added and mixed by inverting 10-15
times. The mixture was centrifuged at 5000 rpm for 15 min. Supernatant was discarded
carefully and, diverging from the DArT protocol, the pellet was washed with 500 ul of
70% ethanol solution containing 0.2 M sodium acetate and again with 500 ul of 70%
ethanol solution only. The mixture was centrifuged at 5000 rpm for 5 min. The
supernatant was decanted carefully, and the pellet was dried at room temperature. Finally,
the DNA pellet was dissolved in 200 ul of ultra-pure water (TE buffer was used in the
original protocol by DArT) at 65 °C for 30 min. Genomic DNA was treated with 1 ul
RNAse A (10 mg/ml) and incubated at 37 °C for 15 min to remove RNA contamination.
DNA was stored at -20 °C for future use.

DNA extraction protocol 2

The extraction of DNA was performed with the protocol described by Lodhi et al. (1994)
with the following modifications: preheated extraction buffer, 0.2 g of leaf tissue powder

was used instead of 0.5 g. Extraction buffer was prepared using 2% CTAB (w/v), 1.4 M
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NaCl, 100 mM Tris-HCl (pH: 8.0) and 20 mM EDTA and added 0.2% of B-
mercaptoethanol (w/v) just before use. Differently from Lodhi et al. (1994), extraction
buffer was preheated in a 65 °C water bath and 1 ml extraction buffer was added to the
eppendorf tube containing grapevine leaf powder and mixed well by vortexing. Addition
of PVVP-40 was omitted before incubation. The sample was incubated at 65 °C for 30 min
and then cooled to room temperature (instead of incubation at 60 °C for 25 min). Then 1
ml of chloroform:isoamyl alcohol (24:1) was added (Lodhi et al. used
chloroform:octanol) and mixed gently by inverting the tubes 20 to 25 times to form an
emulsion. This mixture was centrifuged at 6000 rpm for 15 min. The aqueous phase was
transferred to a new eppendorf tube. If the supernatant was not clear, this
chloroform:isoamyl alcohol step was repeated. 5 M NaCl equal to half the volume of
supernatant was added and mixed well. Thereafter two volumes of cold 100% ethanol (-
20 °C) were added and mixed gently by inverting the tubes until DNA strands began to
appear. The mixture was centrifuged at 3000 rpm for 3 min and immediately after at 5000
rpm for 3 min at room temperature. This differential spinning step kept the DNA at the
bottom of the eppendorf tube. Supernatant was discarded and the pellet was washed with
cold 70% ethanol (0 to 4 °C) and then air-dried at room temperature. Finally, instead of
TE buffer (Lodhi et al. 2014), the pellet was dissolved in 200 ul of ultra-pure water. This
200 ul DNA solution was treated with 1 ul RNase A (10 mg/ml) and incubated at 37 °C
for 15 minutes. DNA was stored at -20 °C for future use.

DNA extraction protocol 3

DNA extraction Protocol 3 mirrored Protocol 2 but included the addition of 3% PVP-40
(w/v) (polyvinylpyrrolidone) in the extraction buffer. While PVP-40 was added
separately to the leaf slurry after addition of the extraction buffer (Lodhi et al., 2014) in
the original protocol, PVP-40 was added directly to the extraction buffer in this study.
Preheated extraction buffer (preheated to 65 °C) was also used in this protocol which was
different from Lodhi et al. (1994). The same incubation and centrifuge conditions were
implemented in this protocol as in Protocol 2, as well as resuspension, RNAse treatment,
and storage.

DNA quantification and quality assessment

DNA quantification was performed with Qubit dSDNA BR Assay Kit (Invitrogen, cat no.
Q32850) on a Qubit 3.0 Fluorometer (Invitrogen) using an aliquot of 1 ul genomic DNA.
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The instrument was calibrated with the Quant-iT dsSDNA BR Assay (stated assay range
between 2—1000 ng; sample starting concentration between 100 pg/ul and pg/ul)
according to the manufacturer’s instructions.
Based on DNA concentration derived from the Qubit measurements, total yield was
obtained by multiplying the DNA concentration by the volume of the total DNA sample.
Total DNA yield (ng) = DNA concentration X total DNA sample volume (ml)
In addition, the presence and quality of genomic DNA was evaluated by electrophoresis.
DNA was stained with Sybr Safe (Invitrogen), separated by 1% agarose gel for 1 h at 200
V using 1 x TAE (40 mM Tris-acetate, 1 mM EDTA) running buffer in Thermo
Scientific™ Owl™ A2 Large Gel Systems, and then visualized by UV gel documentation
system E-box VX2/20LM (Vilber Lourmat).
Restriction digestion with EcoRI enzyme
DNA extracted from the grapevine leaves was subjected to restriction digestion with
EcoRI enzyme (R0101S, NEB), which cuts DNA at the sequence GTTAAC. A mixture
was prepared using 1 ug genomic DNA, 1 ul EcoRlI restriction enzyme and 5 ul 10X
NEBuffer and the reaction volume brought up to 50 ul with nuclease free water. This
mixture was incubated at 37 °C for 30 min. Then the enzyme was inactivated by
incubation at 65 °C for 20 min. Digested DNA were run on a 1% agarose gel to test the
efficiency of the digestion.
Application of the best protocol to twenty-two different cultivars
Based on the results of the experiments from different protocols described above, the best
DNA extraction method, Protocol 3, was implemented with some modifications as
follows. To test the method’s efficiency in various cultivars, twenty-two different
grapevine cultivars was used for DNA extraction. Instead of grinding sample in a mortar
and pestle, grinding was performed on a Precellys Evolution tissue homogenizer (Bertin
instruments, Montigny-le-Bretonneux, France). DNA pellet was dissolved in 200 ul of
TE buffer. All the other steps were as described in Protocol 3 and DNA quantification

and quality assessment were performed as mentioned above.
Results and Discussion

In molecular genetic studies of plants, extraction of DNA of good quality and quantity is

critically important. Quality of the extracted DNA can change depending on the tissue
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type of the plants as well as collection and storage conditions of the sample [20]. DNA
extraction can be problematic especially in plants which consist of high amounts of
secondary metabolites, phenolic compounds and polysaccharides such as grapevine [43].
In this study, CTAB-based protocols reported by Diversity Arrays Technology (DArT)
and Lodhi et al. (1994) were modified and implemented, showing different DNA yields
and restriction digestion efficiencies. The CTAB-based DArT DNA extraction protocol
(Protocol 1) has been successfully used in a wide variety of plants including maize [44],
safflower [45] and cowpea [46]. This protocol contains PVVP-40, sorbitol and sarcosyl
reagents that can help remove polyphenols and polysaccharides that are attached to the
DNA [47, 48]. Although clear DNA bands without protein contamination were achieved
when Protocol 1 was used, a huge amount of RNA contamination was also obtained (Fig
2a) indicating the consistently applied RNAse A treatment was less efficient for this DNA
extraction. The yield of DNA obtained was low ranging from 6.4 ug to 12 pg from 0.2 g
fresh leave samples with Protocol 1 (Table 1).

Table 1 DNA vyield and concentration values obtained from four samples using three different
extractions protocols

Protocol 1 Protocol 2 Protocol 3

DNA concentration (ng/pul) 32 272 112
Sample 1 .

Total DNA yield (ug) 6.4 54.4 22.4

DNA concentration (ng/pul) 40 164 126
Sample 2 .

Total DNA yield (ug) 8 32.8 25.2

DNA concentration (ng/pl) 60 113 91
Sample 3 .

Total DNA yield (ng) 12 22.6 18.2

DNA concentration (ng/pl) 45 158 85
Sample 4 .

Total DNA yield (ug) 9 31.6 17

The protocol reported by Lodhi et al. (1994) was a modified version of the protocol
reported by Doyle and Doyle (1987). Lodhi et al. (1994) added NaCl and PVP-40 to the
extraction buffer to remove polysaccharides and polyphenols, respectively. In this study,
we tried extraction buffers with PVVP-40 (Protocol 3) and without PVVP-40 (Protocol 2) to
understand the effect of PVVP-40 in the extraction buffer. The protocol 2 extraction method
provided the highest amount of DNA ranging from 22.6 pg to 54.4 ug while the DNA
yields from Protocol 3 ranged from 17 pg to 25.2 pug from 0.2 g leaf tissue. According to

agarose gel results, extracted DNA by Protocol 2 showed higher amount of protein and
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RNA contaminations than DNA obtained from Protocol 3 (Fig 2a). Although RNAse
treatment was applied to all DNA samples, various amount of RNA contamination was
also obtained in all protocols.

The addition of PVP-40 in the extraction buffer increases the DNA quality by removing
RNA and phenolics from plants high in polyphenolic compounds, such as, betula and
grape leaves [49]. However, it is also reported that the presence of PVVP-40 increased the
DNA vyield [49, 50]. In the present study, addition of PVP-40 decreased the RNA and
protein contamination, but it did not increase the DNA yield. Lodhi et al. (1994) reported
that grinding of leaf samples to the very fine powder resulted in sheared DNA. However,
in this study, grinding to the very fine powder under liquid nitrogen did not result in
degradation as shown in Fig 2a.

a) b)

Protocol 1 Protocol 2 Protocol 3 Protocol 1 Protocol 2 Protocol 3

T 11 11 1 T 17 11 1
M12 3 412341234 M12 3 4123412 3 4

10 kb - [
3kb-
1.5 kb~

0.5 kb-

Fig 2 Result from agarose gel electrophoresis analysis of a) DNA extracted using three protocols
from four different fresh young grapevine leaves (1: Alphonse, 2: Hamburg misketi, 3: Royal, 4:
Cardinal). 1 kb DNA ladder (N3232S, New England BioLabs) was used to estimate the molecular
size of the fragments. Lane M: 1 kb DNA ladder. Sample lanes 1 to 4 show DNA extracted using
Protocol 1, Protocol 2 and Protocol 3, respectively. b) restriction enzyme digestion for three
protocols. 1 kb DNA ladder was used to estimate the molecular size of the fragments. Lane M: 1
kb DNA ladder. Sample lanes 1 to 4 show restriction digestion results of DNA extracted Protocol
1, Protocol 2, and Protocol 3, respectively

UV spectrophotometry, dsDNA-specific fluorimetry and quantitative PCR are the most
common techniques for DNA quantification [51]. The most frequently used instrument
for spectrophotometric analysis, Nanodrop, is based on similar principles as a
conventional spectrophotometer but has additional features. The Qubit system uses
fluorochromes that specifically bind dsDNA to measure the concentration of DNA.
Although Nanodrop has advantages over Qubit such as ease-of use, well-established, and
no reagent requirement, Qubit is the more preferred instrument, especially for

sequencing, due to its highly reproducible and consistent results [52]. It has been reported
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that NanoDrop overestimates DNA concentration [53]. In this study, Qubit 3.0
Fluorometer (Invitrogen) was used for DNA quantification and consistent results were
obtained with agarose gel electrophoresis.

DNA quality and quantity requirements change depending on the platform and
genotyping techniques by NGS. In the GBS protocol, the first step is an initial digest of
sample DNA Dby restriction enzyme to reduce genome representation [32]. Various
compounds including proteins, polysaccharides, phenolic compounds, and other plant
secondary metabolites in the DNA sample may inhibit restriction digestion and PCR [10,
54]. For this reason, DNA quality is a critical parameter for the succes of GBS. Genomic
DNA should have a clear band greater than 10 kb while digested samples should exhibit
asmear. In the present study, effectiveness of digestion was assessed by EcoRlI restriction
enzyme. Analysis of digestion of DNAs by EcoRI showed that inconsistent results were
obtained when the Protocol 1 used (Fig 2b). However, all DNAs from Protocol 2 and
Protocol 3 were fully digested as shown in Fig 2b. In the present study, addition of PVP-

40 did not affect the restriction digestion as shown in Fig 2b.

a)
M1 2 3 4 5 6 7 8 910 11 12 13 14 15 16 17 18 19 20 21 22 M
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1.5 kb

0.5 kb-

Fig 3 Agarose gel electrophoresis of undigested and digested genomic DNA samples of
grapevine. a) Genomic DNA from twenty-two different grapevines, b) Genomic DNA of five
random selected grapevine samples digested with EcoRlI restriction enzyme, Lane M: 1 kb DNA
ladder

The SNPs detected by GBS are widely used for genetic diversity analysis [55-58],
characterization of population structure [59, 60], QTL mapping [61, 62] and genome-
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wide association studies [63-65] (GWAS), and genomic selection [66, 67] in many
horticultural crops including grapevine [68-72]. As DNA extraction and purification
methods affect GBS results, they also affect the genetic analysis which use GBS data. To
date, various DNA extraction protocols have been applied to woody plants including
grapevine. Marsal et al. (2013) extracted DNA from young leaves, mature leaves, seeds
and stems of grapevine for SSR analysis by using ten different DNA extraction methods
including three common commercial Kkits. They reported that the use of the cationic
detergents such as CTAB and DTAB gave better results than SDS in grapevine. The
authors also showed that using the combination of CTAB and DTAB provided good DNA
yields. However, in our study using only CTAB was enough to meet the requirements of
DNA quality and quantity for GBS. They also reported that higher DNA vyield was
obtained from young leaves than from mature leaves, seeds, and stems. Akkurt (2012)
also investigated the effects of sample collection time and samples grown in both
vineyard and greenhouse in addition to different DNA extraction protocols [73]. He
reported that higher DNA vyield was obtained from vineyard sample when they
implemented the DNA extraction protocol by Lodhi et al. (1994). Yet, none of these
studies evaluated the suitability of the DNAs for NGS.

Table 2 DNA yield and concentration values of 22 grapevine cultivars using Protocol 3

Sample DNA concentration Total yield Sample DNA Total yield
1D (ng/pl) (nQ) ID concentration | (ng)
(ng/ul)
1 92 18.4 12 92 18.4
2 97 19.4 13 97 19.4
3 104 20.8 14 87 174
4 96 19.2 15 99 19.8
5 98 19.6 16 95 19.0
6 89 17.8 17 92 18.4
7 87 17.4 18 89 17.8
8 94 18.8 19 95 19.0
9 102 20.4 20 112 22.4
10 107 21.4 21 97 194
11 93 18.6 22 91 18.2

For confirmation, the best performing protocol, Protocol 3, was implemented for genomic
DNA extraction of different cultivars of grapevine. Similar band intensities were
observed for the extracted DNA from twenty-two grapevines cultivars (Fig 3a) of which
fresh leaves were collected and stored at -80 °C upon flash freezing in liquid N2. None of
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DNA samples exhibited significant smearing which indicates degradation of DNA
sample. DNA concentrations ranged from 87 ng/ul to 112 ng/ul (Table 2). In the case of
restriction digestion, five random genomic DNAs were digested with EcoRIl which

produced excellent digestion smears as shown in Fig 3b.
Conclusion

In conclusion, we described a simple and rapid protocol that can be reliably used for
routine DNA extraction from grapevine leaf tissue and meet the requirements of DNA
quality and quantity for GBS. The modified Lodhi extraction method may be used for
other tree species that include high levels of polysaccharides, polyphenolic compounds,

and various secondary metabolites.
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ABSTRACT ARTICLE HISTORY
The study aims to develop a noble biomaterial that can accelerate the healing process Received

without the risk of infection by loading tetracycline hydrochloride and collagen 25 September 2022
hemostatic agent into the chitosan tissue scaffold. After the trials, a good tissue scaffold Accepted

was obtained from chitosan and PVA by electro-spinning. To increase the hemostatic 29 January 2023
features of this biomaterial, a 10% (by weight) collagen hemostatic agent was added to

the PVA chitosan blend. After the amount of collagen hemostatic agent in the chitosan KEYWORDS
tissue scaffold was set, various amounts of tetracycline were added and 5 different Chitosan,
biomaterials were developed to augment the antibacterial and wound healing properties. collagen,
Antibiotic concentration in the biomaterial was IV 10% in the first, 15% in the second, hemostatic agent,
20% in the third, 25% in the fourth, and 30% in the fifth sample. Finally, the effects of biomaterials,

the obtained biomaterials on the nosocomial bacteria (gram-positive: Staphylococcus scaffold

Aureus, gram-negative: Pseudomonas Aeruginosa) were analyzed with in-vitro tests at
Kahramanmaras Sutcu Imam University, School of Medicine Department of
Microbiology laboratories. As a result of the examination, it was examined how much
the biomaterial should be and how effective it was against bacterial growth on the first,
third, and fifth days. It is thought that the biomaterial material will be very effective in
emergencies and surgical procedures.

Introduction

Piterresi et al. posted in 2012 the characterization and manufacturing of electrospun fibers of
the proposed --poly(N-2-hydroxyethyl)-DL-aspartame-graft-polylactic acid (PHEA-g-PLA)
copolymer for the cap potential to close by the release of ibuprofen. Before the electrospinning
technique, a physically certain medicated solution with PHEA-g-PLA and/or a chemically
certain medicated solution with PHEA-g-PLA was modified into organized. The synthesis of
PHEA-g-PLA copolymer become done with the usage of an answer of 1. eighty g of PHEA in
36 ml of anhydrous DMSO and 1.7 ml of DEA as a catalyst. The reaction becomes mounted
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below the Argon fuel line for twenty-4 hours at 40 0C.PHEA-gPLA-1BU medicated copolymer
answer; 117,15 mg of IBU become dissolved in 1. five ml of anhydrous DMC and saved for a
half-hour at -14 0C withinside the presence of 7 mg of DMAP and 117,15 mg of DCC. Then,
the IBU solution becomes modified and added dropwise to a 500 mg PHEA-g-PLA solution in
4. five ml of DCM. This chemical synthesis reaction took place at -14 0C for 1 hour, and then
it become at room temperature for 3 hours. The nanofibers of these samples, on the alternative
hand, have been created with the useful resource of electrospinning after obtaining the
medicated copolymer solution with the physical combination of five% IBU and PHEA-g-PLA
polymer at the most useful ratios in the solvent combination of acetone and N, N-
dimethylformamide. Dulbekko phosphate buffer (DBSO) answer become used for launch
testing. A piece of decreased nanofiber withinside the buffer answer modified and dissolved,
and a sample is modified and become taken at sure time durations. These samples were
examined with the useful resource of the UV-vis technique. Images of drug-loaded nanofiber
structures were inquisitive about the useful resource of SEM [1].

Nanofiber ground was modified into received for the primary time with the usage of an
electrospinning approach from a combination of the aqueous answer of poly (vinyl alcohol)
polymer, which has extremely good nanofiber formation ability and mechanical houses of
propolis extract, which can not be drawn alone. They received linear nanofibers that could
provide the drug release mechanism. In their experiments, they truly located that the nanofiber
ground modified form in the SEM image of the nanofiber surfaces they received at a 5 percent
PVA solution and 10 cm walking distance. They claimed that as PVA attention improved, so
did the linear fiber form, and the connection between walking distance and fiber form has
become at the least proportional. The maximum helix shape became located within the
nanofiber ground image of the solution prepared with 3 percent propolis extract and 11 percent
PVA. As a result of scanning electron microscope pix, the pleasant fiber structures were
received within the pix of nanofiber surfaces produced at a fifteen cm walking distance in an
electrospinning tool with the resource of the use of getting prepared propolis extract solutions
at 7% and 9% PVA concentrations at 60 OC. It has been determined that the factors decided
within the natural wound flora are formed in vitro and are effective in competition with the S.
Aureus microorganism, one of the gram-first-rate microorganisms that reason the most wound
formation on human skin. They concluded that due to the fact the bacterial boom surrounding

the affected character's wound flora may be removed or reduced with the usage of the composite
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plaster, the affected character will do away with the thing results of the drug due to systematic
or oral antibiotic intake and will avoid the price of antibiotics withinside the route of the
treatment [11].

In taking a study with the resource of Taepabioon et al. In 2006, they efficiently prepared the
fibers with the resource of electrospinning the usage of the drug-loaded biodegradable polymer
PVA (polyvinyl alcohol) and examined the usability of these fibers as a drug transport system.
It was modified right into a 10% PVA (polyvinylalcohol) solution with the resource of
dissolving sufficient PVA (polyvinylalcohol) powder in distilled water at eighty C for 3 hours.
As a drug model, 4 tremendous non-steroidal anti-inflammatory tablets with water solubility
residences: sodium salicylate (SS) (water-soluble), diclofenac sodium (DS) (slightly water-
soluble), Naproxen (NAP), and Indomethacin (IND) (every water-soluble and insoluble) had
been used. These tablets have been combined one after the alternative with 10% PV A solutions
at 20% and 10% ratios. Drug-loaded nanofibers of prepared answers had been acquired through
the use of the electrospinning technique, and nuclear magnetic resonance (NMR) became used
to make clear the chemical form of drug-loaded PVA fibers [12].

Yu et al., in their, examination posted in 2012, investigated the release houses of nonsteroidal
anti-inflammatory drug active substance KET (ketoprofen), which they used as a drug model,
from CA (cellulose acetate) polymer fibers. Eleven mg of CA and more than one g of KET, one
hundred ml of DMACc (dimethylacetamide), acetone, and ethanol (4:1:1 ratio) were dissolved
within the solvent. Then, KET-loaded CA fibers had been prepared with the useful resource of
an electrospinning approach. The houses of nanofibers in conjunction with morphology,
crystalline shape, form, length, and composition were evaluated using FESEM (problem
emission scanning electron microscopy). a hundred mg of fiber samples derived from
nanofibers changed into taken and dissolved in 600 ml of ninety-percentage physiological
saline (PS) at 321 C. The Fickian diffusion mechanism of KET, which is amorphous and
dispersed in six CA-based drug-loaded fibers, changed into used to research a non-stop drug
release profile for one hundred forty-four hours. The oscillation 38 changed into theoretically
examined with the useful resource of the use of the UV-vis approach at the samples taken over
time, and on the give up of this appearance, they decided that the oscillation kinetics modified
into Oth order [13].

In their have a look at in 2005, Zeng et al. investigated the usability of drug-loaded PLLA (Poly

(L-lactide)) nanofibers in controlled drug delivery systems. Paclitaxel, doxorubicin, and
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doxorubicin hydrochloride were used as drug models. PLLA (Poly (L-lactide)) polymer
solution changed into prepared in a 2:1 chloroform-acetone solvent combination at the attention
of 3.9 wt%. 15.5% paclitaxel, 1.6% doxorubicin hydrochloride, and 1.6% doxorubicin drugs
were added to the prepared PLLA (Poly (L-lactide)) polymer answers. The morphology of the
prepared drug-loaded nanofibers and the images of the drug-loaded cloth were examined with
the resource of SEM (scanning electron microscopy). In the in vitro release of the paclitaxel
drug model, it changed into studied in 25 ml of 0.05 mol/L Tris-HCI buffer solution (pH = 8.6).
In addition, the release of drug-loaded PLLA (Poly (L-lactide)) polymer form was modified
whilst studied with proteinase K (0.01 mg/ml). For the in vitro release of doxorubicin
hydrochloride, it is 3.0 x 10-3 mg/ml prepared in a proteinase K enzyme buffer solution. The
drug-loaded fibers have been dissolved withinside the enzyme solution, samples have been
taken at sure time durations, and UVvis analyses have been carried out. Similarly, an in vitro
test of Doxorubicin changed into performed. The studies executed are, briefly, The person
releases of these three first-rate drugs from drug-loaded PLLA nanofibers were investigated,
every with the presence of proteinase K enzyme and without the usage of proteinase K enzyme.
As a result, they discovered that Paclitaxel changed into not released withinside the absence of
the proteinase K enzyme, however, Doxorubicin and Doxorubicin Hydrochloride have been
released. The Proteinase K enzyme degraded PLLA nanofibers and released drugs. In addition,
they proved from kinetic studies that the release of Paclitaxel and Doxorubicin drugs is of the
Oth order [14].

Material and Methods

It is of incredible significance to save blood loss in wounds due to accidents, emergencies,
diverse diseases, and surgical interventions and to heal wounds speedy without the threat of
infection [1]. Although bleeding might also additionally appear easy in such cases, prevention
of blood loss is of essential significance. Also, one of the largest risks for open or closed wounds
is infection. Antibiotics have to end up crucial safety in opposition to the threat of infection [1].
In this study, Tetracycline Hydrochloride antibiotic and Collagen anti-bleeding agent became
loaded onto the tissue scaffold received with the aid of using blending Polyvinyl alcohol (PVA)
and Chitosan. Thus, it's far aimed to achieve a biomaterial that hastens the recovery technique
of wounds without the threat of infection. For this, first of all, a tissue scaffold became received
from Polyvinyl alcohol (PVA) and Chitosan with the aid of using the electrospinning method.
Collagen astringent and Tetracycline Hydrochloride had been delivered to the tissue scaffold
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on the charges stated withinside the content. Codes had been given to the samples received.
SEM pictures of the samples are given in Figure 1(a) above [1].

Fig 1 a) Sem images of 5 prepared samples, b) 3rd-day growth results of 5 prepared samples against
staphylococcus aureus bacteria, ¢) 3rd-day growth results of 5 prepared samples against pseudomonas
aeruginosa bacteria

The results of the received biomaterials at the medical institution micro organism
Staphylococcus Aureus ( gram + ) and Pseudomonas Aeruginosa (gram-) have been tested with
the aid of using in-vitro check withinside the Microbiology Laboratory. Bacterial boom
becomes measured in synthetic surroundings breaking away the residing thing. First of all,
biomaterials have been sterilized with the aid of using the recent method. At the give up of the
first day, third day, and fifth day of the organized biomaterials, bacterial boom becomes found
in sheep blood agars. Thus, colony counts on sheep blood agar have been counted for every
sample. As a result, we cautiously tested the in-vitro check consequences of biomaterials and
supplied the received data. Figure 1 (b) suggests the efficacy of 5 samples in opposition to the

S. aureus microorganism. Figure 1 (c) suggests the effectiveness of 5 samples in opposition to
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the P. aeruginosa microorganism. The consequences will make considerable contributions to
the literature.

Material

Of the substances for use withinside the research: PVA (polyvinyl alcohol) Acn Chemical
Mad.Ins tex. conf. Singing. ve Tic.A.S. Chitosan became obtained from Acros Organics. Acetic
acid and different chemical compounds have been bought from Sigma Aldrich. Tetracycline
hydrochloride and physiological saline have been furnished with the aid of using Mustafa
Nevzat Ilac san. A collagen hemostatic agent became received from the Pahacel hemostat. P.
aeruginosa and S. aureus microorganisms have been received from the microbiology laboratory
of the Faculty of Medicine, Kahramanmarag Sutcu Imam University. The media used for
bacterial cultivation (sheep blood agars) have been received from Salubris A.S. In addition, the
microbiology laboratory of Kahramanmaras Sutcu Imam University became used for the flame
burner, tube spores, and bacterial germ cells used in the course of the research to decide
antibacterial properties.

Methods

In the study, solutions to chitosan in several bureaucracies were first prepared and drawn via
electrospinning, and nanofibers were received from PVA-supported chitosan. After obtaining
nanofibers from chitosan, the acetic acid answer became become a prepared option to acquire
the samples, and all parameters have been tried to be saved consistently for each sample.

For the education of biomaterials, one-of-a-type solutions had been prepared after which
blended. The first solution weighs 10 g. As the solvent for the answer, 2% acetic acid became
used. PVA and chitosan have been dissolved in a 2% acetic acid answer in a magnetic stirrer
for twenty-4 hours at room temperature. Second, for 2 hours at room temperature, hemostatic
collagen matrix and antibiotic tetracycline hydrochloride have been dissolved in saline (with
the aid of using weight) in a magnetic stirrer. The solutions were blended. In all prepared
solutions for nanofiber spinning, the total percentage of additives (PVA, chitosan, collagen, and
tetracycline hydrochloride) withinside the solution is normally 10%. Furthermore, an normal
saline answer of 3.5 g became used withinside the education of the second solution, and the
number of solids withinside the solution became saved constantly. When making ready the
physiological saline answer, the quantity of soluble salt and the NaCl content material of the
answer have been taken into account, and 3.5 g of physiological saline answer have become
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used after a few experiments. Finally, the samples were assigned codes for each prepared
solution, which can be listed in Table 1 together with their respective ratios.

Table 1 Sample codes and rates

Additive ratios in biomaterials Collagen and Tetracycline Hydrochloride
added to Chitosan
Biomaterial
Code PVA (%) | Chitosan + Collagen + Tetracycline | Collagen | Tetracycline hydrochloride (%)
Hydrochloride (%) (%)
T5 60 40 0 0
T10 60 40 10 10
T15 60 40 10 15
T20 60 40 10 20
T25 60 40 10 25
T30 60 40 10 30
Results

Scanning electron analysis results

During the tries to create a splendid nanofiber from chitosan, it turned into observed that the
super ground turned acquired with the useful resource of PVA. The PVA-supported chitosan
solution became a 2% acetic acid solution. The ground turned first fashioned from the chitosan-
PVA answer thru electrospinning, after which the T manipulator code turned into indicated.
Then, the 10% hemostatic collagen matrix and T10 sample with 10% tetracycline
hydrochloride, T15 sample with 15% tetracycline hydrochloride, T20 sample with 20%
tetracycline hydrochloride, T25 sample with 25% tetracycline hydrochloride, and T30 sample
with 30% tetracycline hydrochloride have been done inside the prepared PVVA-chitosan solution
with the useful resource of the electrospinning method. SEMS Photographs had been taken to
represent six surfaces, including a manipulator and 5 samples.

EM snapshots were acquired to symbolize the T-coded controlled ground prepared with the
useful resource of the use of the electrospinning technique from a PVA-brought chitosan
solution in 2% acetic acid (Figure 2). By studying the SEM pictures of the prepared T-coded
controlled ground, it changed into decided that the morphological form had come to be easy

and uniform, and non-forestall fiber formations have been placed at the ground.
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Fig 2 Sem Images of T sample at different magnification ratios a. 5.00 kx magnification b. 10.00 kx
Magnification c. 30.00 kx Magnification d. 50.00kx magnification

Due to the polycationic nature of chitosan, this is due to amine agencies in acidic solutions, it's
miles more difficult to accumulate a fiber form with the useful resource of the electrospinning
technique. The polycationic person of chitosan excessively will increase the ground tension of
the solution and effects withinside the formation of droplets at the collection electrode all

through the electrospinning process [15, 17, 18].

Fig 3 Sem images of t10 sample at different magnification ratios a. 5.00 kx magnification b. 10.00 kx
magnification c. 30.00 kx magnification d. 40.00 kx magnification

SEM photos were acquired to symbolize the encoded T10 ground prepared thru electrospinning
from a PVA-delivered chitosan solution in 2% acetic acid and a hemostatic collagen and

tetracycline hydrochloride antibiotic solution in physiological saline (Figure 3). By analyzing
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the SEM pictures of the prepared encoded T10 ground, it may be visible that the morphological
form is not smooth. It can be seen that the fiber form is not formed. However, a beaded fiber
form is formed, and similarly to the immoderate bead defects, the charged tablets make the fiber

formation difficult.

Fig 4 Sem images of t15 sample at different magnification ratios a. 30.00 kx magnification b. 50.00 kx
maghnification

SEM snapshots were received to symbolize the T15-encoded ground with a 15% tetracycline
hydrochloride antibiotic (Figure 4). Examining the SEM snapshots of the produced encoded
T15 ground, it may be visible that the morphological form is smoother than that of the T10
sample. It can be seen that the fiber form is formed, however, the pilling defect, which isn't

uncommon in the electrospinning system, occurs due to the brought drugs, although very small.

Fig 5 Sem images of t20 sample at different magnification ratios a. 30.00 kx magnification b. 40.00 kx
magnification

SEM photographs were taken of the solution obtained via mixing PVA-introduced chitosan
solution prepared in 2% acetic acid solvent with hemostatic collagen and tetracycline
hydrochloride antibiotic solution prepared in physiological saline to indicate the T20-encoded
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ground normal via the electrospinning method (Figure 5). By reading the SEM photos of the
prepared T20 encoded ground, it's miles now seen that the morphological form is smoother than
that of the T10 sample, but not smoother than that of the T15 sample. It can be seen that the
fiber form is normal, however, the pilling defect, which is commonplace in the electrospinning

system, takes location from region to region due to the introduced drugs.

Fig 6 sem images of t25 sample at different magnification ratios a. 10.00 kx magnification b. 30.00 kx
magnification c. 40.00 kx magnification d. 50.00 kx magnification

SEMS To constitute the encoded T25 surface, photos were acquired via way of means of using
the electrospinning approach thru approach of mixing the PVA-added chitosan solution
prepared in 2% acetic acid with hemostatic collagen and tetracycline hydrochloride antibiotic
solutions prepared in saline (Figure 6). By examining the SEM photos of the prepared encoded
T25 surface, it may be visible that the morphological form is not smooth. It can be seen that the
fiber form is not formed; instead, the formation of reticular structures and bead defects is high,
and the increase in the amount of charged pills complicates the fiber formation.

SEM pictures had been acquired to represent the encoded T30 ground prepared through a way
of electrospinning from a PVA-delivered chitosan solution prepared in 2% acetic acid and a
saline-prepared hemostatic collagen and tetracycline hydrochloride antibiotic solution (Figure
7).
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Fig 7 Sem images of t30 sample at different magnification ratios a. 50.00 kx magnification b. 10.00 kx
maghnification c. 30.00 kx magnification d. 50.00 kx magnification

By studying the SEM pictures of the prepared T30-encoded ground, it's miles viable to look
that the morphological form isn't always smooth. It can be seen that the fiber form isn't always
absolutely formed; instead, many net-like structures and bead defects are formed, and the
charged pills make the fiber formation difficult. Table 2 shows the fiber and bead diameters are
in keeping with the consequences of the assessment SEM.

Table 2. Fiber and bead diameters

T5 106,35 10,9172 None None
T10 100,95 11,9361 217,20 | 79,4366
T15 74,4 12,5974 170,05 | 58,0816
T20 84,4 18,9999 234,00 | 99,7988
T25 94,05 19,0616 301,00 | 107,9645
T30 98,85 12,7455 182,00 | 79,8569

Colony count
Here, sheep blood agars are referred to as medium. The sheep blood agars are within the Petri
dish. At the top of the incubation period, the samples are placed within the prepared tubes using

sterile gloves, a flame burner, and a metal loop for colony counting in Petri dishes. It is based
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on the principle that living cells form a colony, and with the resource of counting one's colonies,
each living cell office work a colony, and the huge style of living cells in the fabric is calculated.
For this purpose, a tremendous amount of the fabric to be remembered is taken and located into
the lifestyle medium. The huge style of feasible cells in the fabric is calculated with the resource
of counting the colonies in the Petri dish required for colony formation. In addition, consistent
with the necessities of the microbiology laboratory, the problem is made consistent with the
ground area of the Petri dish. For example, if the microorganisms have grown at the complete
ground of the Petri dish, they will remember as 100 colonies. On the occasion that they've
grown on half of the ground, they will remember as 50 colonies. On the occasion that they've
grown in a ratio of 1 to 4, they will remember as 25 colonies. As for the productivity of the
sample, a multiplication ratio of 1:4 approaches 25 colonies, and if the growth within the
manipulating sample is 100, it approaches 75% of the microorganisms have been killed.
However, to attain whole success, the multiplication rate must be between five and 10, i.e., 90—
95% of the killed microorganisms. However, due to the fact vain cells cannot multiply and form
colonies, best-stayed cells are counted in this method (Guerguen et al., 1990).

Results of bacteria cultivation in vitro

In this section, bacterial cultivation becomes become a success to investigate the effect of the
biomaterial we prepared on Gramme-first-rate bacteria (S. aureus) and Gramme-bad bacteria
(P. aeruginosa) inside the in vitro experiments we conducted [16, 19]. The information obtained
from the seeding is given below. A manipulated planting become converted right into a one-of-
a-type planting and photographed together.

As the result of planting the biomaterial containing 80% chitosan, 10% collagen, and 10%
Tetracycline hydrochloride with S. Aureus bacteria solution with the useful resource of the
usage of seek on the priority and manipulating agars at the 1st day of sowing, the give up result
image of T10 Sample (Figure 8. a); even as 100 colonies had been customary on the pinnacle
of factors cultivation, 90 colonies had been customary within the subject, and it changed into
located that the biomaterial modified into effective at 10%. The give-up result of sowing the
biomaterial containing 80% chitosan, 10% collagen, and 10% Tetracycline Hydrochloride with
P. Aeruginosa microorganisms is: While 100 colonies had been shaped on the pinnacle of the

priority, 100 colonies had been shaped within the subject, and it's miles now not effective.
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Fig 8 T10 sample a. image of control and subject (s. aureus) after cultivation 1st-day b. image of control
and subject (p.aeruginosa) occurred after cultivation 1st day c. image of control and subject (s. aureus)
occurred after cultivation 3rd-day d. image of control and subject (p.aeruginosa) occurred as a result of
cultivation 3rd-day e. control and subject images (s. aureus) occurred after planting on day 5 f. image of
control and subject (p.aeruginosa) occurred as a result of the cultivation 5th day

Planting the biomaterial containing 80% chitosan, 10% collagen, and 10% Tetracycline
Hydrochloride with S. Aureus bacteria solution usage of looking at the trouble and manipulating
agars led to 90 colonies being shaped inside the trouble, indicating that the biomaterial had very
little electricity at 10%. As the result of planting the biomaterial containing 80% chitosan, 10%
collagen, and 30% Tetracycline Hydrochloride with P.Aeruginosa bacteria solution with the
useful resource of the usage of looking on the priority and manipulating agars at the 0.33 day
of sowing, the give up result image of T10 Sample (Figure 8.d) suggests that even as 100
colonies had been customary inside the manipulative cultivation, 100 colonies had been
customary inside the subject and it's miles now seen that the biomaterial has modified into now
not effective. With the useful resource of the usage of seek on the priority and manipulation
agars, they give up the result of sowing the biomaterial containing 80% chitosan, 10% collagen,
and 10% Tetracycline hydrochloride with S. Aureus bacteria changed into While 100 colonies
had been customary inside the control cultivation, 100 colonies had been customary inside the
subject, and it's miles now seen that the biomaterial is now not effective. As the result of

planting the biomaterial containing 80% chitosan, 10% collagen, and 10% Tetracycline
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hydrochloride with P. Aeruginosa bacteria solution with the useful resource of the usage of
looking on the priority and manipulating agars on the 5th day of sowing, give up result image
of T10 Sample (Figure 8. f); While 100 colonies had been customary inside the manipulative
cultivation, 100 colonies had been customary inside the subject, and it's miles now seen that the

biomaterial is now not effective.

Fig 9 T15 sample a. image of control and subject (s. aureus) after cultivation 1st-day b. image of control
and subject (p.aeruginosa) occurred after cultivation 1st day c. image of control and subject (s. aureus)
occurred after cultivation 3rd-day d. image of control and subject (p.aeruginosa) occurred as a result of
cultivation 3rd-day e. control and subject images (s. aureus) occurred after planting on day 5 f. image of
control and subject (p.aeruginosa) occurred as a result of the cultivation 5th day

Sowing the biomaterial containing 75% chitosan, 10% collagen, and 15% Tetracycline
Hydrochloride with S. Aureus bacteria solution thru way of looking at the issue and handling
agars on the primary day sowing quit result picture graph of T15 Sample (Figure 9. a), 100
colonies have been shaped in the viable planting, 40 colonies have been shaped inside the issue,
and it changed into determined that the biomaterial has become effective. In the picture graph
of T15 Sample 1st day sowing quit result (Figure 9. b), thru way of looking at the issue and
handling agars, the quit result of sowing the biomaterial containing 75% chitosan, 10%
collagen, and 15% Tetracycline Hydrochloride with P. Aeruginosa bacteria changed into; While
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100 colonies were normal in the viable planting, 60 colonies were normal inside the issue, and
it changed into located that the biomaterial has become 40% effective. The 0.33 day of sowing
quit result picture graph of T15 Sample (Figure 9. c), thru way of looking at the issue and
handling agars, the quit result of sowing the biomaterial containing 75% chitosan, 10%
collagen, and 15% Tetracycline Hydrochloride with S. Aureus bacteria solution: While 100
colonies were normal in the viable planting, 80 colonies were normal inside the issue, and it
has become seen that the biomaterial had emerged as very little effective at 20%. In the picture
graph of the T15 Sample 0.33 day sowing quit result (Figure 9.d), thru way of looking at the
issue and handling agars, the quit result of sowing the biomaterial containing 75% chitosan,
10% collagen, and 15% Tetracycline Hydrochloride with P. Aeruginosa bacteria changed into;
While 100 colonies were normal in the manipulate cultivation, 100 colonies were normal inside
the issue, and it has become seen that the biomaterial had now emerged as now not effective.
The T15 Sample, on the 5th day of sowing, quit result picture graph (Figure 9. e), thru way of
looking on the issue and handling agars, the quit result of sowing the biomaterial containing
75% chitosan, 10% collagen, and 15% Tetracycline Hydrochloride with S. Aureus bacteria
solution: While 100 colonies were normal in the manipulate cultivation, 100 colonies were
normal inside the issue, and it has become seen that the biomaterial had now emerged as now
not effective. T15 Sample 5th day sowing quit result picture graph (Figure 9. f), looking at the
issue and manipulate agars, the quit result of sowing the biomaterial containing 75% chitosan,
10% collagen, and 15% Tetracycline Hydrochloride with P. Aeruginosa bacteria solution;
While 100 colonies were normal withinside the manipulate planting, 100 colonies were normal
withinside the issue and it emerges as seen that the biomaterial emerges as now not effective.

As a result of the cultivation of the biomaterial containing 70% chitosan, 10% collagen, and
20% Tetracycline Hydrochloride with S. Aureus bacteria solution through looking at the hassle
and handling agars on a primary day, sowing cease result image of T20 Sample (Figure 10. a),
whilst 100 colonies have been shaped inside the controlled planting, 60 colonies have been
shaped inside the hassle, and it changed into observed that the biomaterial has become 40%
effective. As the result of sowing the biomaterial containing 70% chitosan, 10% collagen, and
20% Tetracycline Hydrochloride with P. Aeruginosa bacteria solution through the method of
trying to find the hassle and handling agars inside the 1st-day sowing cease result image of T20
Sample (Figure 10. b), whilst 100 colonies were formed inside the controlled planting, 90
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colonies were formed inside the hassle and it has come to be observed that the biomaterial turns

into effective at 10%.

Fig 10 T20 sample a. image of control and subject (s. aureus) after cultivation 1st-day b. image of
control and subject (p.aeruginosa) occurred after cultivation 1st day c. image of control and subject (s.
aureus) occurred after cultivation 3rd-day d. image of control and subject (p.aeruginosa) occurred as a
result of cultivation 3rd-day e. control and subject images (s. aureus) occurred after planting on day 5 f.
image of control and subject (p.aeruginosa) occurred as a result of the cultivation 5th day

In the T20 Sample 0.33 day sowing cease result image (Figure 10. c), through the method of
trying to find the hassle and handling agars, the cease result of sowing the biomaterial
containing 70% chitosan, 10% collagen, and 20% Tetracycline Hydrochloride with S. Aureus
microorganisms is: While 100 colonies were formed inside the controlled planting, 80 colonies
were formed inside the hassle, and it has come to be seen that the biomaterial turns into very
little strength at 20%. In the T20 Sample 0.33 day sowing cease result image (Figure 10.d),
through the method of trying to find the hassle and handling agars, the cease result of sowing
the biomaterial containing 70% chitosan, 10% collagen, and 20% Tetracycline Hydrochloride
with P. Aeruginosa microorganisms is: While 100 colonies were formed inside the controlled
cultivation, 100 colonies were formed inside the hassle, and it has come to be seen that the
biomaterial has come to be now not effective Eighty colonies have been shaped inside the hassle
due to the cultivation of the biomaterial containing 70% chitosan, 10% collagen, and 20%
Tetracycline Hydrochloride with S. Aureus bacteria solution, through the method of looking at

the hassle and handling agars at the 5th day of sowing, and it changed into observed that the
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biomaterial turns into effective at 20%. In the image of the T20 Sample 5th day sowing cease
result (Figure 10. f), through the method of trying to find the hassle and handling agars, the
cease result of sowing the biomaterial containing 70% chitosan, 10% collagen, and 20%
Tetracycline Hydrochloride with P. Aeruginosa bacteria solution, whilst 100 colonies were
formed inside the controlled cultivation, 90 colonies were formed inside the hassle, and it's

miles now seen that the biomaterial has come to be now not effective.

Fig 11 T25 sample a. image of control and subject (s. aureus) after cultivation 1st-day b. image of
control and subject (p.aeruginosa) occurred after cultivation 1st day c. image of control and subject (s.
aureus) occurred after cultivation 3rd-day d. image of control and subject (p.aeruginosa) occurred as a
result of cultivation 3rd-day e. control and subject images (s. aureus) occurred after planting on day 5 f.
image of control and subject (p.aeruginosa) occurred as a result of the cultivation 5th day

The final results of sowing the biomaterial containing 65% chitosan, 10% collagen, and 25%
Tetracycline Hydrochloride with S. Aureus bacteria turned into as follows: even as one hundred
colonies have been fashioned withinside the manage planting, 30 colonies have been fashioned
withinside the venture, and it turned into determined that the biomaterial turned into 70%
effective. With the useful resource of the usage of seek at the venture and manipulating agars,
they give up the result of sowing the biomaterial containing 65% chitosan, 10% collagen, and
25% Tetracycline Hydrochloride with P. Aeruginosa bacteria turned into one hundred colonies
have been formed withinside the manipulating planting, 30 colonies have been formed
withinside the venture, and it turned into positioned that the biomaterial modified into 70%

effective. As the result of sowing the biomaterial containing 65% chitosan, 10% collagen, and
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25% Tetracycline Hydrochloride with S. Aureus bacteria solution with the useful resource of
the usage of looking at the venture and manipulating agars at the 0.33 day of sowing, the give
up result image of the T25 Sample (Figure 11. ¢) confirmed that even as one hundred colonies
have been formed withinside the manipulating planting, 10 colonies have been formed
withinside the venture, and it turned into positioned that the biomaterial has become 90
%effective. The T25 Sample on the 0.33 day of sowing give up the resulting image (Figure
11.d), looking at the venture and manipulating agars, they give up the result of sowing the
biomaterial containing 65% chitosan, 10% collagen, and 25% Tetracycline Hydrochloride with
P. Aeruginosa bacteria solution; While one hundred colonies have been fashioned withinside
the manipulating planting, 25 colonies have been fashioned withinside the venture, and it turned
into determined that the biomaterial has become 75% effect. As a result of sowing the
biomaterial containing 65% chitosan, 10% collagen, and 25% Tetracycline Hydrochloride with
S. Aureus bacteria solution, with the useful resource of the usage of looking at the venture and
manipulating agars at the 5th day of sowing, the give up result image of the T25 Sample (Figure
11. e) confirmed that even as one hundred colonies have been formed withinside the
manipulating planting, 10 colonies have been formed withinside the venture and it turned into
positioned that the biomaterial modified into 90% effective. The 5th day of sowing ended with
an image (Figure 11. f) attempting to find the venture and manipulating agars. The give-up
result of sowing the biomaterial containing 65% chitosan, 10% collagen, and 25% Tetracycline
Hydrochloride with P. Aeruginosa bacteria turned into While one hundred colonies have been
formed withinside the manage planting, 20 colonies have been formed withinside the venture,
and it turned into positioned that the biomaterial modified into 80% effective.

The cultivation of the biomaterial containing 60% chitosan, 10% collagen, and 30%
Tetracycline Hydrochloride with S. Aureus bacteria solution through a way of looking on the
priority and handling agars inside the first-day sowing gives up result photograph of T30
Sample (Figure 12. a), at the same time as 100 colonies had been shaped inside the control
planting, 10 colonies had been shaped inside the concern, and it changed into observed that the

biomaterial changed into 90% efficient.
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Fig 12 T25 sample a. image of control and subject (s. aureus) after cultivation 1st-day b. image of control
and subject (p.aeruginosa) occurred after cultivation 1st day c. image of control and subject (s. aureus)
occurred after cultivation 3rd-day d. image of control and subject (p.aeruginosa) occurred as a result of
cultivation 3rd-day e. control and subject images (s. aureus) occurred after planting on day 5 f. image of
control and subject (p.aeruginosa) occurred as a result of the cultivation 5th day

In the photograph of the T30 Sample 1st day sowing give-up result (Figure 12. b), through the
way of looking at the priority and handling agars, the give-up result of sowing the biomaterial
containing 60% chitosan, 10% collagen, and 30% Tetracycline Hydrochloride with P.
Aeruginosa bacteria changed into; While 100 colonies were formed in the controlled planting,
25 colonies were formed in the concern, and it changed into positioned that the biomaterial
modified into 75% effective. After sowing the biomaterial containing 60% chitosan, 10%
collagen, and 30% Tetracycline Hydrochloride with S. Aureus bacteria solution at the 1/3 day
of sowing, the give-up result photograph of the T30 Sample (Figure 12. c) found out that at the
same time as 100 colonies had been shaped inside the achievable planting, ten colonies had
been shaped inside the concern, and it changed into observed that the biomaterial modified into
90% effective. The 1/3 day sowing give-up result photograph of the T30 Sample (Figure 12.d),
acquired by looking at the priority and handling agars, the give-up result of sowing the
biomaterial containing 60% chitosan, 10% collagen, and 30% Tetracycline Hydrochloride with
P. Aeruginosa bacteria solution; at the same time as 100 colonies had been shaped inside the
manipulate planting, 30 colonies had been shaped inside the concern, and it changed into

observed that the biomaterial has become 70% effective. The cultivation of the biomaterial
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containing 60% chitosan, 10% collagen, and 20% Tetracycline Hydrochloride with S. Aureus
bacteria solution, through a way of looking at the priority and handling agars at the 5th day of
sowing, found out that at the same time as 100 colonies had been shaped inside the control
planting, ten colonies had been shaped inside the concern, and it changed into observed that the
biomaterial In the photograph of the T30 Sample 5th day sowing give up the result (Figure 12.
f), through the way of looking on the priority and control agars, they give up the result of sowing
the biomaterial containing 60% chitosan, 10% collagen, and 20% Tetracycline Hydrochloride
with P. Aeruginosa bacteria solution, at the same time as 100 colonies were formed inside the
control planting, 25 colonies were formed inside the concern, and it changed into positioned
that the biomaterial modified into 75% effective.

The efficacy chances obtained due to sowing on S. Aureus (Gram +) and P. Aeruginosa (Gram-
) microorganisms of entire of 6 particular biomaterials produced together with the manipulating
sample at the 1st day, 0.33 day, and 5th day, respectively, are given in Table three below.

In addition, the overall performance values obtained due to the primary day, 1/3 day, and 5th-
day sowing of the produced biomaterials on S. Aureus (Gram +) and P. Aeruginosa (Gram-)
microorganisms had been graphically drawn and people graphs had been established in Figure
thirteen and Figure 14, respectively.

Table 3. Effective percentage of bacteria on biomaterial

Activity rates against S. Aureus (Gram +) bacteria (%) | Activity rates against P. aeruginosa (Gram -) bacteria
(%)

Sample | First-day | Third-day | Fifth-day | Sample | First-day | Third-day | Fifth-day
Code | cyltivation | cultivation | cultivation | €°9¢ | cultivation | cultivation | cultivation
T 0 0 0 TS 0 0

T10 10 10 0 T10 0 0 0

T15 60 20 0 T15 40 0 0

T20 40 20 20 T20 10 0 0

T25 70 90 90 T25 70 75 80

T30 90 90 90 T30 75 70 75
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Fig 14 Efficacy of P. aeruginosa (Gram -) bacteria on biomaterial
Conclusion and Discussion

Tissue ground has become to be had thru the use of a mixture of polyvinyl alcohol (PVA) help
polymer and Chitosan. Through the electrospinning technique, nanofiber biomaterials were
obtained together with Collagen Hemostatic Matrix and Tetracycline hydrochloride antibiotic
at precise rates into this biomaterial. To study the form of the obtained biomaterials, SEM
analyses were performed and the results were visible. To study the overall performance of the
biomaterial in vitro, the colonies common thru culturing microorganisms were counted.

To use the prepared samples as biomaterials, in vitro exams had been performed in the
laboratory environment. The effectiveness of the prepared solutions on grammatical excessive
pleasant and bad microorganisms changed into an investigation. Due to sowing on sheep blood
agar with 0.5 McFarland bacterial solutions prepared with physiological saline, it changed into

discovered that it has become effective at particular rates on gram excessive pleasant (S. aureus)
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and gram bad microorganisms (P. aeruginosa). Biomaterials had been located to be extra
effective in competition to gram-excessive pleasant (S. aureus) microorganisms than gram-bad
(P. aeruginosa) microorganisms.

At the identical time, T15 and T20 coded samples had been slightly powerful towards gram
excessive quality (S. Aureus) microorganisms, however enough has now not been found.

In particular, T25 and T30 coded samples with an immoderate tetracycline hydrochloride ratio
are proven to be quite effective in competition with gram-excessive quality (S. aureus)
microorganisms. However, the samples are not as effective as gram-excessive quality (S.
Aureus) microorganisms in competition with gram-poor (P. aeruginosa) microorganisms. In
addition, it become determined that the T25 coded sample has become extensively effective in
competition to gram-excessive quality (S. Aureus) microorganisms, and there was no growth
in charge of 90%, in particular on the 0.33 and 5th day of sowing. It become determined that
the T30 coded sample has become extensively effective in competition to gram-excessive
quality (S. Aureus) microorganisms and there was no growth in charge of 90%, in particular on
the 1st day, 0.33 day, and 5th day of sowing.

It's been observed that the parabolic-delivered biomaterial is strong in competition to bacterial
boom in some conditions, however, cannot prevent bacterial boom. However, T25 and T30
biomaterials had been found to have an inhibitory effect. In addition, at the identical time,
because the biomaterial produced in Arkan's examination can be used for Band-Aids or open
wounds, the biomaterials produced in this examination are biomaterials that can be used for
each open wound and closed wounds.

In the continuation of this study, it's miles greater to bear in mind to deliver a biomaterial from
honestly acquired biomaterials to relieve the affected man or woman for the duration of surgical
remedy and provide comfortable use for surgeons. These developments, especially inside the
health area and bio textile, provide essential opportunities to carry out that research.

As a result of the cultivation of gram-excessive quality (S. Aureus) and gram-poor (P.
Aeruginosa) microorganisms via in-vitro tests, it changed into located that the nice biomaterial
has become effective in competition with gram-excessive quality (S. Aureus) microorganisms
of T25 and T30 samples. In the studies, it changed located that T25 biomaterial supplied 90%
success in the competition to a boom at the 1/3 and 5th day of bacterial sowing. In addition,
studies have verified that T30 biomaterial gives 90% success in the competition to a boom in
1st day, 1/3 day, and 5th-day bacterial sowing.
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As a result, the T25 sample accomplished success at the 1/3 day and showed that it is a
biomaterial that can be applied in open or closed wounds and not used a danger of infection. It
is the concept that nanofiber structures are suitable and can be used as a superb nano and

biodegradable biomaterial that can be used as a possibility in several fields of study.
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Karakopri (Sanhurfa)’da Gida Olarak Tiiketilen Yabani

Bitkiler Uzerinde Etnobotanik Bir Arastirma

Hasan Akan*“*  Mehmet Maruf Balos?

OZET

Bu calismada, Sanlurfa merkez ilgesi olan Karakoprii’de yasayan yore halkinin, gida olarak
tiikkettigi yabani bitkiler belirlenmis ve kullanim bigimleri tespit edilmistir. Bu bitkiler, 6zellikle
ilkbahar aylarmmda kirsal kesimde yasayan insanlar tarafindan toplanarak semt pazarlarina
getirilmektedir. Bu bitkilerin bir kism1 ¢ig veya pisirilerek taze tiiketildigi gibi, bir kismi
dondurularak, kurutularak, salamura edilerek veya konserveye islenerek de tiiketilebilmektedir.
Bu ¢aligmada, 50 kaynak kisi ile birebir goriismeler yapilmis, okullardaki dgrencilerden de
destek alinmig ve Etnobotanik bilgi formlar1 diizenlenmistir. Toplamda 28 farkli familyaya ait
57 yabani bitkinin gida amagl olarak kullanmldig: tespit edilmistir. Bu bitkilerden Bellevalia
pseudolongipes tirii endemiktir. Calismanin amaci, halkin yabani bitkilerden yararlanma
bigimlerini aragtirmak ve etnobotanik alanina katki saglamaktir.

An Ethnobotanical Investigation on Wild Edible Plant of

Karakopri (Sanhurfa)

ABSTRACT

In this study, the wild plants consumed as food by the local people living in the center town,
Karakdprii of Sanlurfa were determined and their usage patterns were determined. These plants
are collected by the people living in the countryside, especially in spring, and brought to the
Daily local markets. Some of these plants can be consumed freshly by cooking raw or cooked,
while others can be consumed by freezing, drying, pickling or canned. In this study, one-on-
one interviews were held with 50 source people, support was received from students in schools
and Ethnobotanical information forms were arranged. It was determined that 57 wild plants
belonging to 28 different families were used for food purposes. Among these plants, Bellevalia
pseudolongipes species is endemic. The aim of the studa is to investigate the ways people use
wild plants in Karakoprii and contribute to ethnobotany.
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Giris

Anadolu topraklar1 pek ¢ok medeniyete ev sahipligi yapmis ve zengin bir geleneksel bilgi
miras1 tagimaktadir [1]. Anadolu’da bir¢ok yerel bitki asirlardir gida i¢in kullanilmaktadir.
Bu acidan, Anadolu’da bitkilerin geleneksel kullanimlar1 6zglin deger tagimaktadir. Bu
bilgilerin gelecek nesillere aktarilabilmesi énem arz etmektedir [2]. Ozellikle, son yillarda
dogal ve organik gidalara kars: tiiketicinin artan talebi bu bitkilere ilgiyi artirmistir [3, 4].
Yenilebilir yabani bitkiler Anadolu'da yaklasitk 50.000 yildir kullanilmaktadir.
Mezopotamya, Eski Misir, Hitit, Yunan, Roma, Selguklu ve Osmanli gibi uygarliklar bu
yabani bitkilerden birgok amag¢ i¢in yararlanmis ve kendi beslenme kiiltiirlerine dahil
etmislerdir [3].

Yabani bitkilerin kiiltiir bitkilerine gore mineral bakimindan daha zengin oldugu
bilinmektedir (5). Yenebilir yabani bitkiler esansiyel yaglarca zengin olup kiiltir
bitkilerinden daha yiiksek miktarda antioksidan vitaminler igermektedir [6]. Ayrica 6nemli
miktarda kalsiyum, fosfor ve demir gibi mineralleri de igermektedirler [6, 7]. Gida olarak
kullanilan bu bitkiler, ¢ig veya pismis olarak yenildigi gibi kurutularak, salamura halinde
veya tursu seklinde de tiiketilmektedir [8]. Diinya genelinde gida olarak kullanilan yabani
bitki tiirlerinin ise 10.000°nin iizerinde oldugu rapor edilmistir [9,10,11]. Anadolu’da gida,
cay, atistirmalik, koku ve tat vericilerle beraber 1200 civarinda dogal bitkiden gida olarak
yararlanilir [12].

Yapilan literatiir taramasinda gida olarak tiiketilen yabani bitkiler ile ilgili farkli bolge ve
illerden birgok ¢aligmanin oldugu goriilmiistiir. Bu ¢caligsmalar; Kayseri-Vatan kdytinde yenen
bazi yabani bitkiler [13], Tekirdag ili halk ilaglar1 ve gida olarak kullanilan yabani bitkiler
[14], Balikesir yoresinde yenen yabani meyveler ve etnobotanik 6zellikleri [15], Mugla-
Bodrum ydresinin yenen yabani bitkileri [16], Bat1 ve Orta Anadolu'da (Tiirkiye) yabani
yenilebilir bitkilerin kullanimi [5], Tiirkiye'nin Karadeniz Bolgesinde yenilebilir yabani
bitkilerin insan beslenmesine katkis1 [17], Ege Bolgesinde sebze olarak kullanilan yabani
bitki tiirleri ve kullanim amaglar1 [18], Malatya-Akcadag-Kiirecik'te yabani yenilebilir
bitkilerin kullanimi1 [19], Tiirkiye’nin yabani besin bitkileri ve ot yemekleri [20], Eskisehir
ili Mihaligeik ilgesinde gida olarak tiiketilen yabani bitkiler ve bu bitkilerin tiikketim bigimleri
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[21]. Afyonkarahisar’da gida olarak tiiketilen yabani bitkiler ve tiiketim bi¢imleri [22],
[zmit'in yararhi ve yenilebilir bitkileri iizerine etnobotanik bir ¢alisma [23], Karaman’da
yenilebilen yabani bitkiler [24], izmir yerel pazarlarinda satilan yabani yenilebilir bitkiler
[25], Hakkari-Gegitli'de insan tiiketimi amaglh yabani gida tesislerinin arastirilmasi [26],
Elaz1g ili insan tiiketimi amagli yabani gida bitkilerinin arastirilmasi [27], Marmara Adasi'nin
(Balikesir-Tiirkiye) tibbi ve yabani gida bitkileri [28], Tiirkiye'den Meri¢ kasabasinda
kullanilan gida bitkileri [29], Ege Bolgesi'nde yenilebilir yabani bitki tiirleri [30],
Kastamonu-Tosya il¢esinin bazi yabani besin bitkileri [31], Bingdl'de insan tiiketimi amacgl
yabani gida bitkilerinin arastirmasi [32], Adana Karaisali'da insan tiikketimine yonelik yabani
gida aragtirmasi [33], Bingol-Karliova'da yabani bitkilerin geleneksel gida kullanimlari [34],
Balikesir-Manyas'ta yenen yabani bitkiler ve bunlarin insan beslenmesinde geleneksel
kullanimlar1 [2], Batman ili ve Kozluk ilgesinin tibbi ve yabani gida bitkileri [35], Agr1ilinde
kullanilan yabani yenilebilir bitki tiirleri [4], Bitlis-Hizan’da insan tiiketimi amacl yabani
yenilebilir bitkiler {izerinde bir arastirma [36], Igdir ilinin (Dogu Anadolu, Tirkiye)
yenilebilir yabani bitkileri hakkinda geleneksel bilgiler [37], Canakkae-Biga’da Yabani
yenilebilir bitkilerin geleneksel bilgisi [38], Erzurum-Uzundere’de yenilebilir yabani
bitkilerin gastronomik agidan degerlendirilmesi [39], Mersin'in yenilebilir yabani bitkileri ve
gastronomide kullanim sekilleri [40], Kahramanmarag ili kentsel ac¢ik yesil alanlardaki
yenilebilir bitkilerin degerlendirilmesi [41], Ankara Gdlbasi’nda yabani bitkilerin kullanilig
amaglar1 ve sekilleri iizerinde bir aragtirma [42], Yalova ilinde yenen yabani ve ¢esitli faydali
bitkiler [43], Antakya semt pazarlarindaki bazi dogal bitkilerin etnobotanik yonden
arastirilmasi [44], Tirkiye yenilebilir Apiaceae bitkiler, lizerine bir inceleme [45], Bingol
yerel pazarlarinda satilan yabani bitkilerin etnobotanik yonden incelenmesi [46], Kelkit
(Glumiishane) ilgesinde dogal gida bitkilerinin geleneksel kullanimlari [47], Kahramanmaras
il merkezi semt pazarlarinda satilan bitkiler hakkinda etnobotanik arastirmalar [48],
Tiirkiye'de Nevsehir'in glineyindeki yabani yenilebilir bitkiler [49] ve Gazipasa (Antalya)
ilge pazarinda satilan ve halk tarafindan kullanilan bazi bitkiler ve kullanim amaclar1 [50]
isimli calismalardir.

Gilineydogu Anadolu Bolgesi’nde yapilan ¢alismalarin ¢ogu kapsamli etnobotanik

caligmalardir. Dogrudan gida bitkilerin kullanimi iizerinde bazi ¢alismalara rastlanmastir.
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Bunlar; Mardin-Yesilli'de yenilebilir yabani bitkiler [51], Batman-Hasankeyf’te yabani
yenilebilir bitkiler [52] ve Mardin ili'nin geleneksel yemeklerine katkida bulunan yenilebilir
yabani bitkiler [53] ¢alismalaridir.

Glineydogu Anadolu Bolgesi’nde yapilan diger etnobotanik ¢alismalar; Kapari cinsinin GAP
bolgesindeki islenmesi, ihracati ve son populasyon durumu [54], Sanliurfa kent merkezindeki
semt pazarlarinda satilan bazi bitkiler ve kullanim amaglar1 [55], Sanliurfa, Birecik ilgesi,
Zeytinbahge-Akarcay arasinda kalan bdlgenin etnobotanik 6zellikleri [56], Arat Dagi ve
cevresinde (Birecik, Sanliurfa) etnobotanik bir arastirma [57], GAP Bolgesi’nden toplanan
meyan kokii taksonunun ihracat durumu, etnobotanik ozellikleri ve tibbi 6nemi [58],
Sanliurfa'da bazi odunsu bitkilerin etnobotanigi lizerine bir arastirma [59], Sanlurfa’da el
yapimi miizik aletleri lizerine etnobotanik bir arastirma [60], Birecik (Sanliurfa) yoresindeki
bazi baklagil bitkilerin etnobotanik 6zellikleri [61], Sanlurfa, Kalecik Dag1 ve c¢evresinde
etnobotanik bir arastirma [62], Sanliurfa'da tibbi amacli kullanilan bitkiler [63], Kahta
(Adryaman) merkezi ve Narince Koyli'nilin etnobotanik agidan arastirilmast [64], Mardin,
Savur yoresinde folklorik tipta kullanilan Asteraceae familyasina ait bazi onemli bitkiler ve
uygulama alanlar1 [65], Tunceli ili Pertek il¢esinin yabani yenilebilir bitkileri [66], Sanliurfa,
Golpinar mesire yeri floras1 ve etrafindaki kdylerin etnobotanik 6zellikleri [67], Mardin,
Savur'da halk hekimliginde kullanilan Lamiaceae familyasina ait 6nemli bazi bitkiler ve
kullanim alanlar1 [68], Kiiltlirlerin bulustugu ipek yolu {izerinde bir sehir olan Midyat'ta
(Tirkiye) etnobotanik bir ¢alisma [69], Sanliurfa, Tek Tek Daglar1 Milli Parki eteklerindeki
bazi kdylerde etnobotanik bir ¢aligma [70], Sanliurfa merkez ilgesi ve kdylerinde etnobotanik
bir arastirma [71], Mardin, Artuklu'da sifali bitkilerin geleneksel kullanim alanlar1 [72],
Yaslica beldesi ve Arikok mahallesi (Sanliurfa)’nin etnobotanik acidan arastirilmasi [73],
Mardin’in kirsal kdylerindeki yerli halkin kullandiklar1 baz1 bitkilerin etnobotanik agidan
degerlendirilmesi [74], Mardin merkez ilge ve bagli kdylerde yabani bitkilerin geleneksel
kullanimlari [75], Araceae Familyasina Ait Baz1 Taksonlarin Siit Pihtilastirma Ozelliklerinin
Aragtirilmasi [76], Mardin ilinde yayilis gosteren Lamiaceae familyasina genel bakis [77] ve
Mardin (Tiirkiye) Geofitleri lizerine etnobotanik bir aragtirma [78] isimli ¢aligmalardir.
Sanliurfa ve ¢evresinde yetisen yabani bitkiler hem insan beslenmesi i¢in hem de ekonomik

acidan Onemli yer tutmaktadir. Bu ¢aligmayla amacimiz Sanhurfa’nin merkez Karakoprii

64



ilgesinde halkin dogal bitkilerden yararlanma bigimlerini arastirmak ve etnobotanik alanina

katk1 saglamaktir.
Materyal ve Metod

Bu ¢aligma, 2016-2017 yillar1 arasinda, Sanliurfa’ya bagli merkez Karakdprii ilgesinde
yapilmigtir. Sanliurfa Karakoprii Aysegiil Kaman Anadolu Lisesi 6grencilerine yaklasik 250
adet “etnobotanik bilgi formlar1 (Ek 1) dagitilmis ve 6grencilerin aileleri ile birlikte formlari
doldurmalar1 istenmistir. Ogrencilerin aracihiiyla gelen formlar degerlendirildi, gelen
bilgiler 1s181nda pilot ¢aligma yapilarak 6zellikle bitkiler konusunda daha deneyimli olduguna
inanilan aileler ziyaret edildi. Bilgi formlarinda verilen cevaplardan yararlanilarak kaynak
kisilere ulasilmistir (Tablo 1). Kaynak kisiler farkli yas gruplardan olusmustur. Kaynak
kisileri yerinde gorebilmek igin ev ziyaretleri yapilmistir. Kaynak kisilerin belirttikleri
bitkilerin yerel isimleri, toplandig1 yer ve bilgiyi veren kisiye ait bilgiler kaydedilmistir.
Kaynak kisilerin verdigi bilgiler dogrultusunda, kaynak kisi veya bitkiyi taniyan kisilerle
beraber bitkilerin bulundugu alanlara gidilerek bitki 6rnekleri toplanmistir. Bitkilerin arazide
fotograflar1 ¢ekilmis ve Ek 2’de verilmistir.

Bitki 6rneklerinin teshisinde, temel kaynak olarak “Flora of Turkey and the East Aegean
Islands” [79] adl1 eserlerden yararlanilmistir.

Arastirmada elde edilen bitki &rnekleri Harran Universitesi Fen-Edebiyat Fakiiltesi

Herbaryumu (HARRAN)’unda saklanmaktadir.

Tablo 1 Arastirmada bilgi alinan kaynak kisilerin yaslari ve cinsiyetleri

Table 1 Ages and genders of the source persons from whom information was obtained in the study

SiraNo  Adi-Soyadi Cinsiyeti Yasi Yerlesim yeri

1 Abdullah K. E 47 Sanlurfa-Karakoprii
2 Adile K. K 39 Sanlurfa-Karakoprii
3 Adul T. K 40 Sanlurfa-Karakoprii
4 Ali K. E 47 Sanliurfa-Karakoprii
5 Ali K. E 40 Sanliurfa-Karakoprii
6 Aynur K. K 36 Sanlurfa-Karakoprii
7 Ayse B. K 57 Sanlurfa-Karakoprii
8 Ayse D. K 41 Sanlurfa-Karakoprii
9 Ayten K. K 46 Sanlurfa-Karakoprii
10 Edibe Y. K 54 Sanlurfa-Karakoprii
11 Emine B. K 52 Sanliurfa-Karakdprii
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12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50

Emine D.
Emine V.
Emine VY.
EsraY.
Fatma C.
Feride G.
Feride S.
Fettah K.
Fidan A.
Fikri D.
Gafur D.
Giirsel G.
Hacer C.
Halit T.
Hanim A.
Hanim G.
Harun B.
Hikmet E.
HiilyaT.

I. Halil B.
Islim A.
Islim K.
M. Arif N.
Medine H.
Mehmet K.
Mehmet U.
Miislim S.
Nazime K.
R. Songil K.
Riimeysa A.
Sabiha D.
Selma S.
Serpil A.
Sevim F.
Seriban K.
Serife A.
Veysi E.
Zekiye T.
Zeynep A.

Tablo 1 Devam ediyor
Table 1 Cont.
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68
47
80
27
60
72
41
50
36
33
52
50
39
50
45
55
26
50
42
23
57
38
47
44
54
60
45
49
47
17
35
32
36
37
35
33
71
65
30

Sanliurfa-Karakdprii
Sanlrfa-Karakoprii
Sanliurfa-Karakdprii
Sanliurfa-Karakdprii
Sanlurfa-Karakoprii
Sanlurfa-Karakoprii
Sanliurfa-Karakdprii
Sanlrfa-Karakoprii
Sanlurfa-Karakoprii
Sanlurfa-Karakoprii
Sanlurfa-Karakoprii
Sanlrfa-Karakoprii
Sanlrfa-Karakoprii
Sanlurfa-Karakoprii
Sanlrfa-Karakoprii
Sanlrfa-Karakoprii
Sanliurfa-Karakoprii
Sanlurfa-Karakdprii
Sanlrfa-Karakoprii
Sanlurfa-Karakdprii
Sanlurfa-Karakoprii
Sanlrfa-Karakoprii
Sanlrfa-Karakoprii
Sanlurfa-Karakdprii
Sanlurfa-Karakdprii
Sanliurfa-Karakoprii
Sanliurfa-Karakdprii
Sanlurfa-Karakdprii
Sanliurfa-Karakoprii
Sanliurfa-Karakoprii
Sanlurfa-Karakdprii
Sanliurfa-Karakoprii
Sanliurfa-Karakoprii
Sanliurfa-Karakdprii
Sanlurfa-Karakdprii
Sanliurfa-Karakoprii
Sanlrfa-Karakoprii
Sanliurfa-Karakdprii
Sanlurfa-Karakoprii
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Bulgular

Etnobotanik ¢alismalar sonucu elde edilen bitkilerin bagli oldugu familyaya gore alfabetik

siraya gore Bulgular kisminda Tablo halinde verilmistir (Tablo 2).

Tablo 2 Gida amagh Yabani bitkilerin isimleri, kullanilan kisimlar1 ve kullanim sekilleri

Table 2 Names, used parts and usage forms of wild plants for food purposes

Bitkinin Bilimsel adi Familyas1 Bitkinin Kullanil  Kullanim sekli ve bi¢cimi
Yoresel adi an kism
Allium rotundum L. Amaryllidaceae  Sirim, yabani tiim bitki ~ Haglanir, kavrulur ve gézleme
sarimsak yapiminda kullanilir
Allium noéanum Amaryllidaceae  Sirim yaprak Ilkbaharda ¢igek agmadan
Reut. ex Regel yapraklari toplanir, haglanir ve
pide yapiminda kullanilir
Chenopodium album  Amaranthaceae  Sirken, yaprak Yapraklari salata yapiminda
L. kemberok kullanilir
Pistacia khinjuk Anacardiaceae Bezeki sakizi, meyve Meyveleri ¢erez olarak
Stocks Menengig, kullanilir
bittim
Bunium paucifolium Apiaceae Heylok, yumru Yumrusu taze olarak yenir
DC. geylok,
Eryngium campestre ~ Apiaceae Boga dikeni, yaprak Cig olarak veya haslanarak
L. var. campestre kerengzer, tiiketilir
cistok
Ferula orientalis L. Apiaceae Caksir otu yaprak, Yapraklar1 haglanarak tiiketilir
kokler
Foeniculum vulgare  Apiaceae Arapsagt, yaprak, Yapraklart kavrularak yenilir
Mill. yabani rezene  tohum
Malabaila secacul Apiaceae Harik taban Taze yapraklari salata olarak
(Mill.) Boiss. subsp. yapraklar  kullanilir
secacul 1
Arum dioscoridis Sm.  Araceae Gavur pancari, yaprak Yapraklarindan Kardi denilen
var. dioscoridis asalan, yilan corba yapilir. Ayrica,
yastigi, zilke yapraklari kurutularak da
araba, kari, kullanilir.
kardi
Arum rupicola Boiss.  Araceae Gavur pancari, yaprak Arum dioscoridis gibi
asalan, yilan islemden geg¢irilir
yastig1, zilke
araba, kardi
Bellevalia Asparagaceae akbandir yaprak Yapraklar1 toplanir, dogranir,
pseudolongipes haslanir, pide yapiminda
Karabacak & kullanilir
Yildirim
(Endemik)
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Muscari longipes
Boiss.

Ornithogalum
narbonense L.

Ornithogalum
sphaerocarpum A.
Kern

Achillea

arabica Kotschy

Centaurea iberica
Trev. Ex Spreng.

Centaurea solsitialis
L. subsp. Solsitialis

Cnicus benedictus L.

Echinops heterophyll
us P.H. Davis

Gundelia tournefortii
L. var. armata Freyn
& Sint.

Silybum marianum
(L.) Gaertn. Subsp.
Marianum
Taraxacum
sintenisii Dahlst.

Tragopogon porrifoli
us

L.subsp. longirostris
(Sch.Bip.) Greuter.
Anchusa azurea
Mill.var. azurea

Anchusa leptophylla
Roem. & Schult.
Subsp. Leptophylla

Capsella bursa-
pastoris (L.) Medik.

Asparagaceae

Asparagaceae

Asparagaceae

Asteraceae

Asteraceae

Asteraceae

Asteraceae

Asteraceae

Asteraceae

Asteraceae

Asteraceae

Asteraceae

Boraginaceae

Boraginaceae

Brassicaceae

Akbandir

Akbandir,
gazrik

Akbandir,
gazrik

Civanpercemi-
cicega maran

Cakirdiken,
pancare tahl,
cavbelok

Pincar

Bostan out,
sevketi bostan

Topuz diken

Kenger,
kereng

Kerbes

Citlik,
karahindiba

Yemlik, pore
pire

Guriz,
sigirdili,
mijmijok
Guriz, guhriz,
mijmijok

Nane cucika,
kusyemi,
simlik,
Mehapelkat

Tablo 2 Devam ediyor
Table 2 Cont.

yaprak

yaprak

yaprak

cicek

toprak
usti
kisimlar

taban
yapraklar
1

tiim bitki

topuz igi

taze
toprak
alt1
siirgiin
govde

yaprak

toprak
ustii
kisim

toprak
ustii
kisimlari
taban
yapraklar
1

taban
yapraklar
1

Yapraklar: toplanir, dogranir,
haglanir, kavrulur pide
yapiminda kullanilir

Yapraklar1 kavrulur borek
yapiminda kullanilir veya taze
olarak caciga katilir

Yapraklar kavrulur borek
yapiminda kullanilir veya taze
olarak caciga katilir

Cigekleri sicak suya konulur,
cay olarak icilir

Taze tiiketilir, kavrulur,
haglanip tiiketilir veya salata
yapiminda kullanilir

Haslanarak, kavrulur,
gdzlemesi ve yemegi yapilir

Kavrulur, haglanip tiiketilir

Dikenler ayrilarak igi taze
olarak yenir

Taze olarak yemeklere konur
ve pisirilir, haglanarak kavrulur
veya taze tiiketilir

Govdesi dikenlerinden
ayrilarak taze olarak tiiketilir

Taze olarak salata yapiminda
kullanilir

Toprak iistii kisimlar1 dogranir,
hagslanip kavrularak tiiketilir
veya taze olarak ¢ig yenir

Toprak listli kisimlari
pisirilerek yenir. Cigeklerin
baldzii emilir

Taze iken ilkbaharda
yapraklari toplanir, haslanir,
pisirilir, kavrulmasi yapilir,
corbasi da yapilmaktadir
Haslanip kavrularak yemegi
yapilir. Taze de tiiketilir
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Lepidium draba L.

Lepidium sativum L.
subsp. sativum

Nasturtium officinale
R. Br.

Sinapis alba L.
subsp. alba

Celtis australis L.
subsp. australis

Silene conoidea L.

Capparis sicula
Veill. subsp. sicula

Prosopis farcta
(Banks & Sol.)
J.F.Macbr.

Pisum sativum L.
subsp. elatius
(M.Bieb.) Aschers. &
Graebn.var. elatius

Vicia narbonensis L.
var. narbonensis

Crocus cancellatus
Herb. subsp.
damascenus (Herb.)
B.Mathew

Crocus pallasii
Goldb. subsp.
turcicus B.Mathew
Iris persica L.

Ixiolirion tataricum
(Pall.) Schult. &
Schult.f.

Erodium cicutarium
(L.) L Hér. subsp.
cicutarium
Geranium tuberosum
L.

Tablo 2 Devam ediyor

Brassicaceae

Brassicaceae

Brassicaceae

Brassicaceae

Cannabaceae

Caryophyllacea
e
Capparaceae

Fabaceae

Fabaceae

Fabaceae

Iridaceae

Iridaceae

Iridaceae

Ixioliriaceae

Geraniaceae

Geraniaceae

Table 2 Cont.
Kineberk

Dejnik

Tere, tuzik, su
teresi

Gardal,
Hardal, harek,
harik
Citlenbik,
dagdagan

Sekerok
Kebere, keber

hurnif,

Ceti,

sermot

Yabani
bezelye

Colban, collik

Pivok

Pivok

Nevruz ¢igegi,
bilbizek
Encurok,
hiyarok

ignecik,
nikoldik, saat

Yer elmasi

taban
yapraklar
1

taze
taban
yapraklar
1

tiim bitki

toprak
ustii
kisim
meyve

cicek

cigek
tomurcuk
u,
meyvesi
meyve

tohum

tohum

yumru

yumru

cigek,
yumru
cicek

taban
yapraklar
1

yumru

Haslanip kavrularak yemegi
yapilir, pilava katilir

Taze yapraklar1 salata olarak
yenir
Cig olarak tiiketilir

Cig olarak tiiketilir veya
haslanarak yemegi yapilir

Meyveleri yenir

Cigekleri taze yenir
Meyvesi ve tomurcuklari
salamura yapilir

Olgun meyveleri taze olark
tiketilir

Tohumlar1 yenir

Tohumlari yenir

Yumrusu soyulup taze olarak
tiketilir

Yumrusu soyulup taze olarak
tiiketilir
Cigegi ve yumrusu yenir

Cigegi, taze olarak, salata
niyetine yenir

Yapraklar1 kavrularak borek
yapiminda kullanilir

Yumrusu yenir

69



Euphorbia
chamaesyce L.

Mentha longifolia
(L.) L. subsp.
longifolia

Salvia syriaca L.

Malva neglecta
Wallr.

Platanus orientalis L.

Polygonum cognatum
Meissn.

Rumex acetosella L.

Portulaca oleracea
L.

Nigella unguicularis
(Poir.) Spenn
Amygdalus communis
L.

Crataegus monogyna
Jacg. var. monogyna
Prunus mahaleb L.
var. mahaleb

Rubus sanctus
Schreb.

Eremurus spectabilis
M. Bieb

Urtica pilulifera L.

Tablo 2 Devam ediyor

Table 2 Cont.
Euphorbiaceae Sigil otu toprak
usti
kisimlari
Lamiaceae Yabani nane, toprak
pung stii
kisimlari
Lamiaceae Kunciya bej, toprak
gunpisik, isti
sivenok kisimlari,
tohum
Malvaceae Ebe giimeci, toprak
toglik, kdmeg,  iisti
Kazan karasi kismi1
Platanaceae ¢inar yaprak
Polygonaceae Madimak, yaprak
giyaye kerika,
tirso
Polygonaceae Kuzu kulagi taban
yapraklar
1
Portulacaceae Semizotu, toprak
pirpirim usti
kismi
Ranunculaceae Corek otu tohum
Rosaceae Yabani badem  meyve
Rosaceae Alug, Alig meyve
Rosaceae Mahlep, meyve
yabani kiraz
Rosaceae Bogiirtlen meyve
Xanthorrhoeace  Ciris otu taban
ae yapraklar
1
Urticaceae Isirgan  otu, toprak
gezgezok ustii
kisimlar1

Toprakiistii kisimlari taze veya
kurutularak yenir veya ekmek
hamuruna karistirilarak ekmek
yapilir

Toprakiistii kisimlar: taze
olarak yenir

Toprakdstii kisimlar1 ¢ay
olarak igilir. Ayrica, tohumlari
yenir

Toprak iistii kisimlari
kavrularak borek, pilavli
kdmeg ve pide yapiminda
kullanilir, taze olarak da
tiiketilir

Yapraklar1 haslanir, kavrulur
ve pide yapiminda kullanilir,
ayrica sarma-dolma yapiminda
kullanilir

Yapraklari kavrulur salata ve
pilav yapiminda kullanilir
Yapraklari taze olarak salata

ve cacik yapiminda kullanilir

Yapraklari taze olarak salata
ve cacik yapiminda kullanilir

Tohumlart dogiilerek balla
karistirilarak tiiketilir.
Meyvesi yenir

Meyveleri taze olarak yenir
Meyveleri taze olarak yenir

Meyveleri taze olarak yenir

Yapraklar1 kavrularak borek
yapiminda kullanilir

Yapraklarindan ¢orba yapilir,
yapraklar1 kurutulup ¢ay1 igilir,
haslanip kavrularak, borek
yapiminda kullanilir
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Sonug¢ ve Tartisma

Bu ¢alisma sonucunda Sanliurfa’nin Karakoprii ilgesinde 28 farkli familyaya ait 57 yabani
bitki taksonunun gida amaciyla kullanildig: tespit edilmistir (Tablo 2). Tiirkiye florasindaki
takson sayist bakimindan en zengin familyalar Asteraceae, Fabaceae, Lamiaceae ve
Brassicaceae'dir [79]. Ayrica bu familyaya ait tiirler zengin protein, yag ve mineral igerikleri
nedeniyle Anadolu insani tarafindan gida olarak kullanilmasinda 6nemli rol oynamislardir
[80, 81]. Arastirma alaninda kullanildig1 belirlenen bitkiler icerisinde en gok takson igeren
ilk 5 familya Asteraceae %33, Brassicaceae %19, Apiaceae %18, Asparagaceae %15 ve
Rosaceae %15°dir (Sekil 1).

Rosaceae
Asparagaceae 15%

15% Asteraceae
‘ 33%

<

Brassicacea
e

Apiaceae
19%

18%

Sekil 1 En fazla takson iceren familyalar

Fig 1 Families with the highest number of taxa
Calisma alaninda 51 farkli cinse ait bitkiler tespit edilmis olup, ikiser tiir ile en fazla takson

iceren cinsler Allium, Anchusa, Centaurea, Crocus ve Ornithogalum oldugu tespit edilmistir
(Sekil 2).
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Sekil 2 En fazla takson iceren cinsler

Fig 2 The genera with the highest number of taxa

Aragtirma alaninda bitkilerin etnobotanik kullanimlar1 agisindan %23 oraninda
yapraklarinin, %10 oraninda toprak istii kisimlarmin, %8 oraninda meyvelerinin, %35
oraninda yumrularinin, %4 oraninda ise ¢i¢eklerinin gida olarak kullanildig1 tespit edilmistir
(Sekil 3). Yapraklarin tiikketim oram1 bakimindan yiiksek olmasi bitkilerin ¢ig veya sebze

olarak tliketilmesinden kaynaklanmaktadir. Meyveler genelde atistirmalik olarak kullanilir.

m Yaprak = Toprakisti = Meyve Yumru = Cicek =

Sekil 3 Bitkilerin en ¢ok kullanilan kisimlari
Fig 3 The most used parts of plants
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Calismada 50 kaynak kisi ile goriismeler saglanmistir. Kaynak kisilerin dagilimi Sekil 4.’te

verilmistir. Kaynak kisilerin yas araligi;

Sekil 4 Kaynak kisilere ait erkek ve kadin dagilim grafikleri
Fig 4 Distribution graphs of men and women of the source persons

Arastirma alaninda tespit edilen yabani bitkilerin tiiketilme-degerlendirme durumuna
durumlar su sekildedir;

Taze tiiketilenler: Bu kategoride 30 takson kaydedilmistir. Bitkilerin taze yapraklari,
toprakiistii kisimlari, tohumlari, meyveleri ve ¢igekleri tiiketilir. Bu bitkiler; Bunium
paucifolium, Malabaila secacul, Ornithogalum narbonense, Ornithogalum sphaerocarpum,
Centaurea iberica, Echinops heterophyllus, Gundelia tournefortii var. armata, Silybum
marianum, Taraxacum sintenisii, Tragopogon porrifolius.subsp. longirostris, Capsella
bursa-pastoris, Lepidium sativum, Nasturtium officinale, Sinapis alba, Crocus pallasii, Iris
persica, Ixiolirion tataricum, Geranium tuberosum, Euphorbia chamaesyce, Mentha
longifolia, Malva neglecta, Rumex acetosella, Portulaca oleracea, Pistacia khinjuk, Celtis
australis, Prosopis farcta, Amygdalus communis, Crataegus monogyna, Prunus mahaleb ve
Rubus idaeus’dur.

Kavrularak yemegi yapilanlar: Bu kategoride 20 takson kaydedilmistir. Bu bitkiler; Allium
rotundum, Foeniculum vulgare, Muscari longipes, Bellevalia pseudolongipes, Ornithogalum
narbonense, Ornithogalum sphaerocarpum, Centaurea iberica, Centaurea solsitialis, Cnicus
benedictus, Gundelia tournefortii, Tragopogon porrifolius, Anchusa azurea, Capsella bursa-
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pastoris, Lepidium draba, Erodium cicutarium, Malva neglecta, Polygonum cognatum,
Platanus orientalis, Eremurus spectabilis ve Urtica pilulifera’dr.

Borek veya pide i¢i olarak kullamlanlar: Bu kategoride 11 takson kaydedilmistir. Allium
noéanum, Bellevalia pseudolongipes, Muscari longipes, Malva neglecta, Platanus orientalis,
Ornithogalum narbonense, Ornithogalum sphaerocarpum, Erodium cicutarium, Malva
neglecta, Eremurus spectabilis ve Urtica pilulifera’dir.

Meyvesi tiiketilenler: Bu kategoride 8 takson kaydedilmistir. Bu bitkiler; Pistacia khinjuk,
Celtis australis, Capparis sicula, Prosopis farcta, Amygdalus communis, Crataegus
monogyna, Prunus mahaleb ve Rubus idaeus’dur.

Tohumu tiiketilenler: Bu kategoride 5 takson kaydedilmistir. Bu bitkiler; Foeniculum
vulgare, Pisum sativum, Vicia narbonensis, Salvia syriaca ve Nigella unguicularis’dir.
Corba seklinde tiiketilenler: Urtica pilulifera ve Anchusa leptophylla’dir.

Pirpirrm (Portulaca oleraceae), Kenger (Gundelia tournefortii var. armata), akbandir
(Ornithogalum narbonense), cakirdikeni (Centaurea iberica), kineberk (Lepidium draba),
dejnik (Lepidium sativum subsp. sativum) ve komeg¢ (Malva neglecta) bitkileri gida olarak
siklikla kullanilmaktadir.

Bellevalia pseudolongipes tiirii Sanliurfa'da gida amaglh kullanilan endemik bir bitkidir.
Bitkinin yapraklar1 ve taze siirgiinleri pide yapiminda kullanilir. Bitki populasyonu kayalik
alanlarda yogun bir niifusa sahiptir ve kullanimi1 ¢ok yogun degildir.

Arastirma alanimin yakin bolgelerde yapilan calismalar ile familya ve takson sayilari
bakimindan karsilastirilmasi Tablo 3.’de verilmistir.

Tablo 3. verilerine bakildiginda sadece gida amacgh kullanim iizerine yapilan ¢aligsmalarda
takson sayilarinin yliksek oldugu goriilmektedir. Bunda alana yogunlagma, bodlgenin
ylizol¢limi, goriisiilen kaynak kisiler, kirsalda yagama gibi etkiler de belirleyici olmaktadir.
Giineydogu Anadolu Bolgesi’nde yenilebilir yabani bitkilerle ilgili sinirli sayida etnobotanik
caligmalar yapilmistir. Mardin ili, Yesilli ilgesinde yenilebilir yabani bitkilerin belirlenmesi
amaciyla yapilan calismada 74 adet yenilebilir yabani takson kayit altina alinmistir [51].
Batman ili Hasankeyf ilgesinde yenilebilir yabani bitkilerin belirlenmesi amaciyla yapilan
calismada 86 adet yenilebilir yabani takson kayit altina alinmistir [52] ve Mardin ili'nin

genelinde yapilan ve geleneksel yemeklerine katkida bulunan yenilebilir yabani bitkiler
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calismasinda 92 adet yenilebilir takson kayit altina alinmistir [53]. Adiyaman ili Kahta ilgesi
ve Narince koyiinde [64] etnobotanik kullanimi olan 113 takson rapor edilmis fakat yemegi
yapilan veya gida amaclh kullanimlara deginilmemistir.

Tablo 3 Calisgmamizin yakin civardaki diger arastirmalarla karsilastirilmasi

Table 3 Comparison of our study with other studies in the immediate vicinity

Familya Gida olarak kullanilan takson sayisi

Arastirma alani (Sanliurfa, Karakoprii) 28 57
Arat Dag1 [57] 15 33
Kalecik Dagi [62] 15 38
Zeytinbahce-Akarcgay [56] 22 56
Tek Tek Daglari [70] 19 37
Sanliurfa, Merkez ilgeler [71] 47 56
Mardin, Yesilli [51] 31 74
Batman, Hasankeyf [52] 32 86
Mardin yenen bitkiler [53] 34 92
Mardin, Midyat [69] 14 24
Mardin ili Geofitleri [78] 15 45

Arastirma alam1 olan Sanlrfa’da yenen yabani bitkilere ait dogrudan bir g¢alismaya
rastlanmamistir. Yapilan ¢aligmalar genel etnobotanik ¢alismalardir. Sanliurfa Merkez ilge
ve bagl koylerde yapilan etnobotanik ¢alismada 134 bitki taksonu igerisinde 56 taksonun
gida amaciyla kullanildig: tespit edilmistir [71]; Sanlwurfa ili Birecik ilgesi Arat Dagi ve
cevresindeki koylerde yapilan ¢aligmada 170 bitki taksonu igerisinde 33 taksonun gida
amaciyla kullanildig1 tespit edilmistir [57], Birecik ilgesin Zeytinbahge-Akarcay arasi
koylerde yapilan etnobotanik g¢alismada 190 bitki taksonu igerisinde 56 bitkinin gida
amaciyla kullanildig1 tespit edilmistir. Zeytinbahgce calismasinda cay ve tibbi amagh
kullanilan bitkiler ile kiiltiir bitkileri bu sayiya eklenmemistir [56]. Sanlwrfa ili Tek Tek
Daglarindaki bazi kdylerde yapilan etnobotanik ¢aligmada ise 120 taksonun 37’sinin gida
amaciyla kullanildig1 rapor edilmistir [70]. Sanliurfa ili, Karakoprii ilgesi sinirlarinda yer alan
Kalecik Dag1 ve cevresindeki kdylerde yapilan etnobotanik ¢calismada 126 taksonun 38’inin
gida amaciyla kullanildigi rapor edilmistir [62].

Sanlurfa ili basta olmak tizere Tiirkiye’de gida olarak kullanilan bitkilerle ilgili yapilan

etnobotanik c¢alismalar karsilastirlldiginda asagidaki taksonlar ilk kez bu calismada
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kaydedilmistir: Muscari longipes, Echinops heterophyllus, Euphorbia chamaesyce ve
Nigella unguicularis.

Euphorbia (siitlegen) tiirleri genellikle zehirli olarak bilinir ve dogrudan tiiketilmezler.
Bununla birlikte, Euphorbia chamaesyce tiiriiniin toprak iistii kisimlari taze, kurutularak veya
ekmek hamuruna katilarak pisirildikten sonra tiiketilerek derideki sigilleri giderdigine
inanilmaktadir. Benzer kullanim Sanliurfa’nin Bozova ilgesinde [82] Euphorbia macroclada
Boiss. tiiriinde goriilmektedir. E. macroclada bitkisinin k6k kismi sadeyag, bal mumu ve
fistik sakizi ile hazirlanan merhem kivamindaki hiilasanin tiikketilmesi ile 0kstiriige iyi geldigi
rapor edilmektedir. Ayni ¢aligmada bu tiiriin siitiiniin dis agrisina iyi geldigi de rapor
edilmistir. Ayrica E. macroclada tiiriiniin yakilmasiyla elde edilen kiiliiniin {iziimlerin
kurutulmasinda kullanildig1 [52] rapor edilmistir. Diger yandan Euphorbia helioscopia
subsp. helioscopia tiiriiniin tiikketilmesi [5] ve pekmeze aroma vermede kullanimi [51],
Euphorbia craspedia tiiriiniin [51, 53], Euphorbia gaillardotii Boiss. & Blanche tiiriiniin
[53], Euphorbia macrostegia tiiriiniin [57, 62], Euphorbia cheiradenia Boiss. & Hohen. ve
E. falcata L. subsp. falcata var. galilaea (Boiss.) Boiss. taksonlarinin [71] pekmez aromasi
icin kullanimi rapor edilmistir. Diger bir ¢caligmada ise [83] Euphorbia helioscopia L. 'nin
kok suyu antelmintik ve miishil olarak kullanilirken, yaprak dekoksiyonu bagirsak kurtlar
diisiiriici olarak sitmay1 6nleme, ates diisiirticii ve deri 6demi tedavisi i¢in kullanildig: rapor
edilmistir.

Tiirkiye'deki yenilebilir yabani bitkiler genellikle dogadan toplanarak dogrudan tiiketilmekte
veya pazarlarda satilmaktadir [84]. Bu bitkilerin kullanimi bolgesel olmakla birlikte
giiniimiizde ticareti yapilmaya baslanmistir [85]. Bunda doga odakli yasama olan ilgi de etkili
olmaktadir. Endiistriyel {iriinlerine alternatif yabani bitkiler ¢ig veya islenmis olarak Tiirk
mutfaginda daha fazla yer almaya baslamistir. Yenilebilir yabani bitkilerin iyi bir besin
kaynagi olmasinin yani1 sira onemli bir gelir kaynagi olabilecegi belirtilmektedir [86].
Sanlurfa’nin Karakoprii ilgesinde yabani bitkilerin gida amagli kullanim kiiltiirii 6zellikle
kirsal alanlarda devam etmektedir. Bununla beraber, geng niifusun ¢ok az1 yabani bitkilerin
kullanimina ilgi duymaktadir. Bu nedenle binlerce yillik bir tecriibenin sonucu olarak gelisen
bu kiiltiirel bilgi birikiminin kayit altina almak zorunlu hale gelmistir. Bu arastirmanin

yenilebilen yabani bitkilerle ilgili kiiltiirel mirasin korunmasi ve gelecek nesillere
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aktarilmasina katki saglamasi beklenmektedir. Ayrica Bolgeye uyum saglamis yenilebilir
yabani bitkilerin kiiltiire alinmasi ve ekonomiye kazandirilmas1 amaciyla arastirmalarin ve

deneme bahgelerinde ekimlerinin yapilmasi nerilmektedir.
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Occurence of Antibiotic Resistant Bacteria Causing UTIs Among
Children Under School Age in Soran City, North of Iraq

Hasan Akan*"*  Rawezh Hakeem Mustafa!

ABSTRACT o _ _ ARTICLE HISTORY
The aim of this study to research the event of antibiotic resistant bacteria causing UTIs among Received

children under six years old in Soran, North of Irag. Totally, 200 urine samples were taken from 25 January 2023
children suffering from UTIs, in Ashti hospital and Childbirth hospitals between 2017 and 2018 Accepted

years. It is determined that 70 bacterial uropathogens have been isolated while 130 samples 23 March 2023
showed negative culture, and the incidence of UTIs was significantly higher in little girls KEYWORDS

(57.1%) than in little boys. The majority of uropathogenic isolates have resisted ampicillin, A
ceftazidime, ceftriaxone and cefotaxime. Other antibiotics differently showed moderate A“_t'b'Ot'C
susceptibilities. The DNA profile showed that only the isolate K 61 (Klebsiella pneumoniae) resistance,

was bearing gnrB. multidrug resistant
bacteria, UTIs,

children, under

. school age
Introduction

Urinary tract consists anatomically of lower urinary tracts include the bladder, urethra and
upper urinary tract include the kidneys and ureters [1]. During urination the urinary system
expels metabolic wastes from the blood and discharges it as urine to the outside [2]. UTI

(Urinary tract infection) is characterized as the notable of microscopic organisms in urine

along with symptoms of infection or a bacterial infection of the urinary bladder (cystitis), the
kidneys (pyelonephritis), or both. UTIs are widely recognized in childhood [3, 4, 5]. By
adolescent age, about 11% of girls and 7% of boys have had at least one episode of UTI, with
recurrent infections reported in many cases [6-9].

UTIs are infections resulting from the existence and growth of microorganisms anywhere in
urinary tract and may be one common bacterial of human infection [10-11].

Microorganisms that causes UTIs originate from the stool [12]. UTI may be present when
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microscopic organisms and white blood cells are available in the urine [13]. Healthcare-
associated Infections is widely recognized inconvenience from hospitalized patients [14-15].
The spread of antimicrobial resistance among urinary pathogens has been expanding
everywhere throughout the world [16-18]. Many strains of bacteria were developed that cause
urinary tract infection usually resistant to various types of antimicrobial agents such as
amoxicillin and ampicillin [19-21]. UTIs are generally known for all aggravations of urinary
tracts, which contains kidney injury (pyelonephritis), bladder (cystitis) and the urethra
(urethritis) [22-23].

The resistance of quinolone was correlated to mutations that prompt amino acid changes in
the QRDRs inside the subunits which are incorporated in the synthesis of DNA [24].

The objective of this study was to find antibiotic resistance patterns of microorganisms grown
most frequently in Soran, North Irag, and to determine empirical treatment options according
to the results obtained. The results of our study will support the technicians working in the
governmental laboratories with new data about the drug of choice for new multi drug resistant

strains repeatedly arisen.
Materials and Methods

This study was carried out in Soran city- North of Irag. Most people live in villages and have
rural lifestyle. They depend on domestic animals and ground water. Rural people there are
generally poor and ignorant of the rules of health. In Soran most of families attend Ashti
hospital and Childbirth hospitals. 200 patients of UTI intended to Ashti hospital and
Childbirth hospitals laboratories. The period of sample collection was from July 2017 to
March 2018. Samples had been taken before antibiotic use. At the firstly have written all
information on a questionnaire list of each patient.

Ethics committee approval was obtained from the Ministry of Health General Directorate of
Health-Erbil Committee for the study (19/06/2018/98). This study was conducted in
accordance with the Declaration of Helsinki.

All reagents used in the current study were prepared as follows by Harley and Presccott [25].
The uropathogenic isolates were tested for antimicrobial susceptibility by the Kirby-Bauer

disk diffusion method on Mueller Hinton agar plates by Merlino et al. [26]. The antibiotics

83


http://www.scialert.net/asci/result.php?searchin=Keywords&cat=&ascicat=ALL&Submit=Search&keyword=amino+acid

that was widely used in the current study for the treatment of UTIs are Cefotaxime,
Meropenem, Ciprofloxacin, Ampicillin, Tobromycin, Trimethoprim-sulphamethoxazole,
Gentamycin, Augmentin, Levofloxacin, Ceftazidime, Impenem, Azithromycin, Vancomycin
and Ceftriaxone. The antibiotic discs which are used in identification of the isolates are
Novobiocin, Bacitracin, Bacitracin and Rifampin.

MacFarland standard solution is utilized to standardize the density for the susceptibility test.
So to preparations of turbidity standard by Cheesbrough [27]. The girl patients were asked
their parents to clean their external genitalia. If the patient was under 2 years they used
Pediatric urine collector according to the method of Morello et al. [28]. First isolation and
purification of bacterial species were on suitable culture media (Nutrient agar, MacConkey
agar and blood agar). The recommended procedure uses a sterilized calibrated metal loop to
transfer 1l of uncentrifuged urine specimen and was streaked on Nutrient agar, Blood agar
and MacConkey agar, at one and same time as per the biochemical and bacteriological tests
utilizing standard techniques by Vandepitte et al. [29], additionally after marking and
streaking the plates were put in the incubater at 35-37°C for 18-24 hours. Identified isolated
bacteria determined with the techniques described in Bergey’s manual by Holt et al. [30].
Differentiation of isolated bacteria by CHROMagar™ orientation, is known as chromogens
in which depended on soluble colourless. When the target organism’s enzyme cleaves the
colourless chromogenic conjugate, the chromophore is released [26].

Identified isolates were presserved for long time according to Mcfaddin [31]. The
susceptibility was tested by Kirby-Bauer disc diffusion technique [32]. Disc diffusion test
was carried out according to [33].

Molecular method

In this study, specific primers (Metabion, Germany) were designed for amplification of gnrA,
gnrB, gnrS, and blakpc genes. For isolation of nucleic acids from Bacteria, DNA extraction
kit (Roche, USA) was used for purification of genomic DNA of the isolates. Details of primer
sequences are shown in (Table 1). The method described by Sambrook and Russell [34] was

used for gel electrophoresis.
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Table 1 gnrA, gnrB, gnrS, and bla, primer sequences

Isolates No.  [Resistance Primer Sequence Target
Genes size(bp)
E. coli gnrA (F)5'-TCAGCAAGAGGATTTCTCA-3' (R)5'-516
E 7, E51, E 57, GGCAGCACTATTACTCCCA-3' (F)5'-
E 59, E 62 qnrB GATCGTGAAAGCCAGAAAGG-3' (R)5'-469
ACGATGCCTGGTAGTTGTCC-3' (F)5'-
Klebsiella qnrS ACGACATTCGTCAACTGCAA-3' (R)5'-{714
pneumoniae TAAATTGGCACCCTGTAGGC-3' (F)5'-
K 61 ATGTCACTGTATCGCCGTCT-3' (R)5'-
blakp. TTTTCAGAGCCTTACTGCCC-3' 893

Result and Discussion

Incidence of urinary tract infection

Our results showed that, out of 200 urine specimen gathered from patients complaining of

signs and symptoms of UTIs attending Ashti hospital and Childbirth hospitals in Soran city,

70 (35%) were positive for bacterial infections while 130 (65%) samples showed culture
negative. The study of Alsammani et al. [35] showed that 203 (66.7%) of children had urinary

tract infection.

Incidence of the isolated uropathogens associated with UTlIs

Uropathogens isolates from 200 samples, 70 strains of bacteria were belonging to 9 species

(Table 2).

Table 2 Uropathogens obtained from urine culture

No. | Isolated uropathogens Number Percentage
1 Escherichia coli 27 38.6%

2 Staphylococcus aureus 13 18.6%

3 Coagulase-negative Staphylococci 8 11.4%

4 Klebsiella pnuemoniae 7 10%

5 Enterococcus faecalis 6 8.6%

6 Streptococcus spp. 4 5.7%

7 Pseudomonas aeruginosa 2 2.9%

8 Staphylococcus saprophyticus 2 2.9%

9 Proteus vulgaris 1 1.4%

Most common causative organism was E. coli (38.6%). This result was consistent the study
by Sharma et al. [36] from Nepal and from Aligarh, India by Akram et al. [37] Studies by

Islam et al. and Mantadakis et al. [38-39] showed E. coli as most common organism but with
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varying proportionsut. According to Schlager (2001), in children, Staphylococcus aureus is
uncommon without in-dwelling catheters or many other factors of infection after
instrumentation of the urinary tract [40].

Incidence of UTlIs in relation to sex and age groups

70 (35%) patients out of 200 showed to be urine culture positive (Fig. 1).

UTI is predominantly a disease of female. According to Ouno et al. (2013) and Ramazan et
al. (2004), the length of male urethra provides a distance barrier that eliminates bacteria from
the urinary bladder [41-42].

60.00%

50.00%

40.00%

30.00% ® Infected

®m Non infected
20.00%

10.00%

0.00%

Male Female

Fig. 1 Frequency of UTIs according to the gender

The majority of children 26 (37.1%) were among those less than two years old, and more
than half of them were male 15 (57.7%) (Fig. 2). The same situation reported by Alsammani
et al. [35]. The high incidence of UTIs in females under one year old might to be as a result
of a distinct type of factors, such as the short and wide female urethra (3-4 cm length) and its

proximity to the anus according to Kolawole et al.[43].
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Fig. 2 Distribution of UTlIs in relation to age groups

Incidence rate of UTIs according to the residence of the patients

In rural area, the incidence rate of UTIs was significantly high in comparison to urban The
incidence rate of UTIs at urban was 34.3% and 65.7% in rural. The most probable
explanation, is might to be due to poor diagnostic facilities available in the health centers in
rural areas and also the lower socioeconomic, hygienic standards and the absence of a proper
sewage system.

Identification of isolated bacteria

By comparing results of microscopic and cultural characteristics, biochemical characteristics
and differential susceptibility to special antibiotics like: Rifampin and Bacitracin 10 p to
differentiate Staphylococcus from Micrococcus, Novobiocin 5up to differentiate
Staphylococcus saprophyticus from other staphylococci, Bacitracin susceptibility 0.04u to
differentiate Streptococcus pyogenes from other negative gram positive cocci. The
microscopic examination showed that 37 (52.8%) of isolates were gram negative
(Escherichia coli, Klebsiella pnuemoniae, Pseudomonas aeruginosa and Proteus vulgaris).
Also showed that there were 33 (48.2%) of isolated were gram positive (Staphylococcus
aureus, coagulase-negative Staphylococci (CoNS), Enterococcus faecalis, Staphylococcus

saprophyticus and Streptococcus spp).
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Four species of isolates showed positive growth on MacConkey agar are belong to gram
negative bacteria were isolated accordance to the growth on MacConkey agar. These were
differentiated preliminarily into lactose fermenters and lactose non fermenters Which include;
Escherichia coli, Klebsiella pneumoniae, Pseudomonas aeruginosa and Proteus vulgaris.
Most of Pseudomonas aeruginosa isolates were easily recognized on different media due to
their ability to produce green pigment confirmed with positive oxidase.

Gram positive bacteria

33 (48.2%) of isolates were gram positive show the characteristics used in the diagnoses and
distribution cocci of gram positive, which were confirmed by Holt et al. [44]. and Harley and
Prescott [25].

Differentiation of isolated bacteria by CHROMagar™ orientation

This technology is supported the result of identification and making final diagnosis, in which
bacterial pathogenes on this medium [26]. Bacterial pathogenes on this medium as the
following; Eschercia coli is dark pink to reddish, Enterococcus is turquoise blue, Klebsiella
sp. is metallic blue, Proteus sp. is brown halo, Pseudomonas is cream and translucent,
Staphylococcus aureus is golden and small, S.saprophyticus is pink, opaque and small,
Streptococcus spp. light blue-green.

Antimicrobial susceptibility

The results of antibiotic susceptibility are appeared in (Fig. 3a-n).

The results of antibiotic susceptibility are appeared in (Fig. 3a), most of our bacterial isolates
were highly resistant to ampicillin, we found that 96.3% of E. coli, 85.7% of Klebsiella

pneumonia and all others bacteria in our bacterial isolates were resistant to ampicillin.
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Staphylococcus ...
Enterococcus faecalis

CoNS W Resistant

Staphylococcus... ® Intermediate

Proteus vulgaris | m Sensitive
Pseudomonas...
Klebsiella...

Escherichia coli

0.00% 20.00% 40.00% 60.00% 80.00%100.00%

Fig. 3a Antimicrobial susceptibility to Ampicillin

Our result appeared that most of the isolated bacterial uropathogens are resistant to the

ceftazidime and ceftriaxone (Fig. 3b).

Streptococcus spp.
Staphylococcus saprophyticus

Enterococcus faecalis

CoNS | M Resistant
Staphylococcus aureus ® Intermediate
Proteus vulgaris m Sensitive

Pseudomonas aeruginosa

Klebsiella pnuemoniae

Escherichia coli

0% 20% 40% 60% 80% 100%

Fig. 3b Antimicrobial susceptibility to Ceftazidime

Most of isolates bacterial uropathogens were resistant to the ceftriaxone (Fig. 3c).

89



Streptococcus spp.
Staphylococcus...
Enterococcus faecalis
CoNS
Staphylococcus aureus
Proteus vulgaris
Pseudomonas aeruginosa
Klebsiella pnuemoniae

Escherichia coli

® Resistant
m Intermediate

m Sensitive

0.00% 20.00% 40.00% 60.00% 80.00% 100.00%

Fig. 3¢ Antimicrobial susceptibility to Ceftriaxone

As shown in the (Fig. 3d), 55.5% of Escherichia coli, 42.8% of Klebsiella pneumoniae,

84.6% of Staphylococcus aureus, 87.5% of CoNS and 50% of Enterococcus faecalis were

resistant to azithromycin.

According to Zuckerman et al. (2009), Azithromycin inhibits protein synthesis due to

reversibly ties to the bacterial ribosome [45].

Streptococcus spp.
Staphylococcus saprophyticus
Entrococcus faecalis

CoNS

Staphylococcus aureus
Proteus vulgaris
Pseudomonas aeruginosa
Klebsiella pnuemoniae

Escherichia coli

0% 20% 40% 60% 80% 100%

® Resistant
m Intermediate

m Sensitive

Fig. 3d Antimicrobial susceptibility to Azithromycin
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The percentage of resistance to cefotaxime are shown in (Fig. 3e), Bacteria can resist these
cefotaxime and ceftriaxone by production of 3-lactamase especially CTX-M beta-lactamases
class A [46].

Streptococcus spp.
Staphylococcus saprophyticus
Enterococcus faecalis

CoNS W Resistant

Staphylococcus aureus m Intermediate

Proteus vulgaris m Sensitive

Pseudomonas aeruginosa

Klebsiella pnuemoniae

Escherichia coli

0% 20% 40% 60% 80% 100%

Fig. 3e Antimicrobial susceptibility to Cefotaxime

The results that the resistance percentage of isolates bacterial uropathogens for augmentin

(amoxicillin-clavulanic acid) shown (Fig. 3f).

Streptococcus spp.
Staphylococcus saprophyticus
Enterococcus faecalis

CoNS

| M Resistant
Staphylococcus aureus m Intermediate
Proteus vulgaris m Sensitive

Pseudomonas aeruginosa

Klebsiella pnuemoniae

Escherichia coli

0% 20% 40% 60% 80% 100%

Fig. 3f Antimicrobial susceptibility to augmentin
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In our study, the percentage of resistance to tobromycin are shown in and (Fig. 3g) for

isolated bacterial uropathogens.

Streptococcus spp.
Staphylococcus...
Enterococcus faecalis
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Staphylococcus aureus
Proteus vulgaris
Pseudomonas aeruginosa
Klebsiella pnuemoniae

Escherichia coli

0.00% 20.00% 40.00% 60.00% 80.00%100.00%

® Resistant
® Intermediate

m Sensitive

Fig. 3g Antimicrobial susceptibility to tobromycin

As shown in (Fig.3h), we found that 44.4% of E. coli, 28.6% of Klebsiella pneumonia, 15.4%
% of Staphylococcus aureus, 12.5% of CoNS and 50% of Staphylococcus saprophyticus

were resistant to ciprofloxacin. According to Diver and Wise (1986) Ciprofloxacin inhibit

bacterial DNA synthesis and promote cleavage of DNA leading to bacterial cell death [47].

Staphylococcus saprophyticus
Enterococcus faecalis

CoNS

Staphylococcus aureus
Proteus vulgaris
Pseudomonas aeruginosa
Klebsiella pnuemoniae
Escherichia coli

Streptococcus spp. |

® Resistant
® Intermediate
m Sensitive

0.00% 20.00% 40.00% 60.00% 80.00%100.00%

Fig. 3h Antimicrobial susceptibility to ciprofloxacin
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In this study, the antibiotic susceptibility tests shown that 85.1% of E. coli, 100% of
Klebsiella pneumonia, 100% of Pseudomonas aeruginosa, 100% of Proteus vulgaris, 76.9%
of Staphylococcus aureus, 100% of CoNS, 66.66 % of Enterococcus faecalis and 100% of

Streptococcus spp. were sensitive to meropenem (Fig.3i).

Streptococcus spp.
Staphylococcus saprophyticus

Enterococcus faecalis

CoNS | M Resistant
Staphylococcus aureus ® Intermediate
Proteus vulgaris m Sensitive

Pseudomonas aeruginosa

Klebsiella pnuemoniae

Escherichia coli

0% 20% 40% 60% 80% 100%

Fig. 3i Antimicrobial susceptibility to meropenem

Antimicrobial susceptibility to trimethoprim-sulphamethoxazole showed in the (Fig. 3j). High
resistance to trimethoprim sulphamethoxazole seen in many other studies in different
countries [10, 18].

Streptococcus spp.
Staphylococcus saprophyticus
Enterococcus faecalis

CoNS | M Resistant
Staphylococcus aureus ™ Intermediate
Proteus vulgaris m Sensitive

Pseudomonas aeruginosa

Klebsiella pnuemoniae o

Escherichia coli

0.00%20.00%40.00960.00980.00%00.00%

Fig. 3 Antimicrobial susceptibility to trimethoprim-sulphamethoxazole
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Antimicrobial susceptibility to gentamycin showed at (Fig. 3Kk).

Streptococcus spp. %

Staphylococcus saprophyticus

Enterococcus faecalis
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Staphylococcus aureus m Intermediate
Proteus vulgaris m Sensitive

Pseudomonas aeruginosa
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Escherichia coli

0% 20% 40% 60% 80% 100%

Fig. 3k Antimicrobial susceptibility to gentamycin

The results of present study showed that the sensitive percentage of isolates bacterial

uropathogens for levofloxacin were shown (Fig. 3l). Levofloxacin is active against both

Gram-positive and Gram-negative bacteria [48].

Streptococcus spp. |
Staphylococcus saprophyticus
Enterococcus faecalis
CoNS M Resistant
Staphylococcus aureus ® Intermediate
Proteus vulgaris
Pseudomonas aeruginosa
Klebsiella pnuemoniae
Escherichia coli

i m Sensitive

0% 20% 40% 60% 80% 100%

Fig. 31 Antimicrobial susceptibility to levofloxacin

In our results that the sensitive percentage of isolates bacterial uropathogens for impenem

were shown at (Fig. 3m).
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Fig. 3m Antimicrobial susceptibility to imipenem

Antimicrobial susceptibility to vancomycin showed in the (Fig. 3n). Vancomycin is active just

against gram-positive organisms.

Streptococcus spp.

Staphylococcus

saprophyticus
1 ® Resistant
Entirococcus faecalis ™ Intermediate
| m Sensitive
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Staphylococcus aureus

0.00% 20.00% 40.00% 60.00% 80.00%100.00%

Fig. 3n Antimicrobial susceptibility to vancomycin

In our study and after we mentioned all previous susceptibility tests results to 14 different
antibiotics which commonly used in hospitals, shown us that a higher prevalence rate of

resistance to commonly prescribed antibiotic agent, all the bacterial uropathogens showed
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the highest degree of resistance to ceftazidime, ceftriaxone, cefotaxime, trimethoprim-
sulphamethoxazole, ampicillin and augmentin. This result agrees with results obtained by
Sahilin et al. [49] in India, by AbdulRazzaq (2013) [18] in Mosul, and by Mezal and
coworkers (2011) [50] in Basrah. while this drugs exhibited low resistant rate in another
study outside Irag such as Jha and Bapat [51] reported that all the organisms causing UTI
were sensitive to ciprofloxacin. Hussein [52] reported that all the organisms causing UTI
were sensitive to gentamycin and tobramycin was found to be least effective. In our study,
isolates appeared high sensitivity to meropenem, and imipenem, also levofloxacin apeared
high (more than 90%) sensitivity in all groups except of Escherichia coli (62.9%) were
sensitive. Yasmeen et al. in Dhaka reported in their study, meropenem, and imipenem
appeared high sensitivity, also levofloxacin appeared (47.9%) sensitivity of Escherichia coli.
[53]. Kyoung reported that meropenem, and imipenem appeared very high (over 90%)
sensitivity in all groups [54]. Abera and_Kibret, in rural community of Ethiopia reported

about the resistant and sensitivity of approximate resistance result to azithromycin of UTI
causative agents [55].

Detection of quinolone and carbapenem genes

We have amplified four genes of carbapenem and quinolone risistance genes responsible in
Escherichia coli and Klebsiella pnuemoniae, which antibiotics used more than others to treat
of infection of bacteria. We have chosen six isolates to detecte the presence of resistance to
carbapenem and quinolone genes by (RAPD-PCR), because both of them can share the same
sequences antibiotic resistance and they may get them by gene transferring [56].

The results showed that out of five isolates of Escherichia coli and one of K. pneumoniae,
no one of these isolates contained genes in their genomic DNA except of Klebsiella
pnuemoniae (K 61) contained gnrB in its genomic DNA. gnrA was more prevalent until 2001,
but since then, gnrB has predominated [57].

Also others had negative results for detected genes as mention because we have detected
specific sizes (bp). Pathogenic bacteria carry another sequences to resist the same antibiotics,
for example [58] in China reported in their study, they found that Escherichia coli were all

resistant to meropenem and imipenem.
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Conclusions and Suggestions

The main investigation directed to decide the pervasiveness of UTI. The impact of gender
and age on its predominance, and their vulnerability profile to basic utilized anti-infection in
the group of Soran city. The study also allows comparison of the situation in Soran city,
North of Iragq with different areas outside and inside the state as well as in the country.

According to this study, we concluded, there were no control on getting the drugs and alot of
it given to outpatients without physicians prescription from outside of hospital, when
infection is occur in the any parts of body’s patient, they taking antibiotics without culturing
and determination of antibiotic susceptibility for side of infection, this led to kill commensal

bacteria and the emergence of different types of antibiotic resistant bacteria.

Abbreviations/Kisaltmalar
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Kanser Gelisiminde Agir Metallerin Rolii

Nebiye Pelin Tiirker”

OZET

) . MAKALE GECMISi
Agir metallere maruz kalma, insan popiilasyonunda 6nemli saglik sorunlarimi temsil Gelis
etmektedir. Bu elementler, olumsuz saglik etkisi yaratma yetenegine sahip olmasinin 17 Eyliil 2022
yan1 sira Karsinojenezde de etkilidirler. Pubmed gibi arastirma veritabanlarinda, bu Kabul
agir metallerin neden oldugu cesitli maruziyetler ve kanserlerle ilgili calismalar 18 Kasim 2022
bulunmaktadir. Ancak, yine de bu konuda biyiik 6lgtide bilgi eksikligi vardir. Bu ANAHTAR KELIMELER
calisma, maruz kalman agir metallere ve hangi viicut sistemlerinin hedeflendigine Kanser,
iligkin ¢alismalar1 igermektedir. agir metal,
element

The Role of Heavy Metals in Cancer Development

ABSTRACT ARTICLE HISTORY
Exposure to heavy metals represents significant health problems in the human Received
population. These elements are effective in carcinogenesis as well as having the ability 17 September 2022
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Cevre ile biyolojik sistem arasindaki etkilesim, organizma saghgi igin ¢ok onemli bir
faktor olarak belirlenmistir [1]. Pestisitlerin, boyalarin, agir metallerin, plastiklerin,
deterjanlarin ve kozmetiklerin gesitli amaclarla gelisigiizel kullanimi, insan sagligina
ciddi tehditler olusturabilecek ekolojik ve biyolojik sorunlar i¢in yeterlidir. Agir metaller
olarak adlandirilan metaller ve metaloidler, yiiksek atom agirligina ve sudan bes kat daha
fazla yogunluga sahip elementlerdir. Farkli ¢evresel kompartmanlarda bulunmalarinin
yan1 sira canli organizmalarda da eser miktarlarda bulunarak, ¢esitli biyolojik stireclerde
onemli rol oynarlar [1]. Ornegin bakir (Cu) hemen hemen tiim dokularda bulunur ve
cesitli metabolik reaksiyonlar i¢in gereklidir; demir (Fe), oksijen tasinmasinda ve niikleik

asit sentezinde hayati bir rol oynamaktadir, ¢inko (Zn) diizenleyici ve yapisal 6neme
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sahiptir. Benzer sekilde, molibden (Mo), siilfit oksidaz, ksantin oksidaz, aldehit oksidaz
icin bir kofaktor gorevi gormektedir. Selenyum (Se), kobalt (Co) ve krom (Cr) sirasiyla
antioksidan savunma sistemlerinde, B12 vitamini sentezinde ve glikoz metabolizmasinda
rol oynar [2]. Agir metaller biyolojik 6neme sahip olmanin yani sira endiistriyel, tarim,
saglik, kozmetik, ilag gibi farkli sektorlerde ve evsel amaglarla da gesitli uygulamalara
sahiptir. Agir metaller, artan kullanimi1 ve yaygin dagilimi ile organizma sagligini tehdit
etmektedir. Bu metallere maruz kalma, insan popiilasyonunda 6nemli saglik sorunlarini
temsil etmektedir. Arastirmalar, agir metal maruziyetinin sinir, hematolojik ve
kardiyovaskiiler sistemlerin gelisimine zarar verdigini ve bobrek, akciger, karaciger, Cilt
ve mide kanseri dahil olmak iizere ¢cok sayida kanser riskini artirdigini gostermistir [3].
Cr, Pb, As, Cd ve Hg gibi bazi metaller, Uluslararas1 Kanser Arastirmalar1 Ajansi
tarafindan kesin veya olas1 kanserojenler olarak siniflandirilmaktadir [4]. Istatistiksel
analizlerde, Tirkiye'de Simav Ovasi'nda bulunan kdylerdeki karaciger, mesane ve mide
kanserlerinin gogunun igme suyundaki yiiksek As konsantrasyonlari ile iligkili oldugunu
gosterilmistir [5]. Toprak, meyve ve sebzelerin agir metal kirliligi, Tirkiye'de yiiksek
oranda gastroistestinal (GI) kanserlerine yol agmaktadir. Agir metaller, E-kadherinin
islevini etkiyerek ve reaktif oksijen tiirleri (ROS) hasarini indiikklemektedir. Bu metaller
dogrudan veya dolayli olarak ROS olusumunu indiiklemekte ve daha sonra gen
regililasyonunu, sinyal iletimini ve hiicre bliylimesini degistiren gastrik mukoza ve DNA
lezyonlarina neden olmaktadir. Bu durum da karsinogeneze yol agmaktadir. Diisiik ve
orta miktarda ROS’un, istilac1 patojenleri 61diirdiigii ve yara iyilesmesini/doku onarimini
indiikledigi i¢in faydali oldugu bilinmektedir [2, 6]. Buna Kkarsilik, yiiksek
konsantrasyonlarda ROS, hiicre yapilarina, lipitlere, zarlara, proteinlere ve niikleik
asitlere verilen hasara aracilik etmektedir. ROS'un endojen veya eksojen olarak kiimiilatif
tiretimi, cesitli kanserlerde hiicresel redoks dengesizligini indiiklemektedir [7]. Oksidatif
stresi indiikleyen, dolayisiyla GI yolunu dogrudan veya dolayli olarak etkileyen ¢ok
sayida dis tetikleyici bulunmaktadir [7]. Pb, Cd, Hg, Cr ve As dahil olmak iizere agir
metaller, ROS'un yaygin eksojen kaynaklaridir ve dogrudan veya dolayli olarak ROS
olusumunu indiikleyebilmektedirler [7]. Agir metaller, DNA hasar onarimini
engellemekte veya yetersiz lezyon onarimina neden olmaktadirlar. Bu metaller diger gen
anormalliklerini indiikleyebilmektedirler. Ek olarak, agir metaller, timér olusumunu

destekleyen proinflamatuar kemokin interlokin-8 (IL-8) ve mikroRNA'larin
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ekspresyonunu indiikleyebilmektedir [8, 9]. Metal iyonlarinin tiroidde biriktigine dair
calismalar mevcuttur ve bazilarinin tiroid bezinin islevinde ve homeostatik
mekanizmalarinda 6nemli bir rol oynadigi bilinmektedir. Baz1 metal iyonlar1 endokrin
bozucular olarak bilinirken digerleri kanserojen olarak siniflandiriimaktadir. VVolkanik
bolgeler de dahil olmak tizere toprakta ve igme suyunda yiiksek metal seviyeleri bulunan
bolgelerde daha yiiksek tiroid kanseri insidans oranlari bildirilmis olsa da agir metallerin
tiroid tizerindeki etkisi de hala tam olarak anlagilamamistir [10]. Arastirma
veritabanlarinda, bu agir metallerin neden oldugu ¢esitli maruziyet kaliplar1 ve
kanserlerle ilgili cok sayida bilgi bulunmaktadir. Ancak, bu bilgiler bu noktada biiyiik
Olgiide eksik kalmigtir, bu da bu arastirmanin konsolidasyonunu gerektirmektedir. Bu
derleme, agir metaller olan aliiminyum, arsenik, berilyum, kadmiyum, kursun, civa ve
nikelin insan saghgi tizerindeki etkisiyle ilgili arastirmalar1 vurgulamaktadir. Aragtirma
PubMed araciligiyla toplanmigs ve bu metallere maruz kalma kaynaklari, indiiklenen
kanser tiirleri ve terapotik onlemler hakkindaki mevcut bilgileri degerlendirmek igin
derlenmistir. Ayrica, agir metaller ve kanser ile ilgili gelecekteki arastirma gabalarina
rehberlik etmek i¢in tasarlanmustir.

Aliiminyum

Aliminyum, ¢ok sayida maruz kalma yoluna sahip benzersiz bir agir metaldir. Bu
elemente maruz kalma, kontamine gidalarda, daha giiclii bir bagisiklik tepkisi ortaya
cikarmak igin asilarda ve endiistriyel islemlerde ve ticari tiriinlerde kullanilan aliiminyum
tuzlarinda belgelenmistir [11].

Ozel ticari iiriinlerden belirli antasitler ve terlemeyi 6nleyici deodorantlar, aliiminyum
tuzlarini icermektedir [11]. Aliminyuma maruz kalma, meme dokusunda karsinojenez ile
iliskilendirilmistir. Antiperspirant deodorantlarda kullanilan ve aliiminyum tuzu olan
AICls'e maruz birakilan fareler, meme bezi epitel hiicrelerinde habis biiylime
sergilemislerdir [11]. Ayni1 sonug, insan meme hiicresi Ornekleri ilizerinde yapilan
caligmalarda da g6zlenmistir [12]. Bu agir metalin ayrica sarkomlarin gelisiminde de rolii
oldugu bilinmektedir [13]. Ek olarak, bir hastada, aliminyum igeren agir metal tuzlarinin
kronik maruziyetinin atipik bir noéroektodermal timdr gelisimi ile sonuglandigr 6ne
siiriilmiistiir [13]. Insan meme hiicrelerinin aliiminyum elementine maruz birakilmas ile
yapilan bir ¢alismada, BRCAL tiimor baskilayict geninin mRNA konsantrasyonlarinin

azaldig1 bulunmustur [12]. Ayrica bu ¢alismada aliiminyumun, dstrojen reseptorleri i¢in
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bir agonist gibi davranan ve memede karsinogenez igin bilinen bir riski temsil eden bir
metalodstrojen gibi davrandigi gézlemlenmistir [12]. Baska bir ¢calismada, insan gogiis
hiicrelerinin aliiminyuma maruz birakilmasinin Kontrolsiiz biiylimeyi indiikleme
potansiyeline sahip oldugunu belirlenmistir. Aliiminyum zehirlenmesini takiben yapilan
standart bir tedavi de, selatorlerin kullanilmasi olmustur. Terapotik olarak kullanilan
yaygin selator desferrioksamindir. Bu selatoriin, aliminyumun viicuttan atilmasinda
etkili oldugunu kanitlanmistir; bununla birlikte, kullanimiyla iligkili bir takim toksik yan
etkiler bulunmaktadir. Desferrioksaminin yerini alacak birka¢ umut verici aday olmustur,
ancak simdiye kadar higbiri bu kadar etkili olmamistir. Viicudun baska bir bolgesinde
analiz edilen mesane kanseri orneklerinde, analiz edilen agir metaller arasinda
aliminyum seviyeleri, istatistiksel olarak daha yiiksek bulunmustur. Bu sonug,
aliminyumun mesanedeki malign biiyiimede en azindan destekleyici bir rol oynadigini
distindiirmiistiir [14]. Aliminyumun toksik etkilerini sinirlamada en basarili yontem
metale maruziyeti azaltmaktir. Bu maruziyetin azaltilmasimin bir ¢éziimii de, ters 0zmoz
filtrasyonunun kullanilmasidir. Bu teknoloji, deneysel asamada bakir madenciligi
atiklarindan 6nemli diizeyde aliiminyum ¢ikarma yetenegini gostermistir [15].

Arsenik

Arsenik sitotoksik bir elementtir ve bu metale maruz kalmak insan saglig: icin ciddi
riskler tagimaktadir [16]. Arsenik ile temas genellikle kontamine gida ve su alimindan,
mesleki maruziyetten ve g¢evre kirliliginden kaynaklanmaktadir [17]. Bu agir metale
cevresel maruziyetin bilinen bir kaynagi da, insan besin zincirine girme potansiyeline
sahip kontamine toprakla temastir [18]. Bu agir metal, ¢ok c¢esitli habis biiyiimelerde
tespit edilmistir. Yapilan aragtirmalar arsenigin; akciger, mesane ve cilt kanseri
gelisimindeki roliinii gii¢lii bir sekilde desteklemektedir [19]. Bir arastirmada, kolon,
mide, bobrek, akciger ve nazofaringeal kanserlerin maruz kalma ve 6lim oranlar
arasinda giiclii bir pozitif iliski saptanmistir [18]. Epidemiyolojik calismalar ayrica
arsenige diisiik diizeylerde kronik maruziyetin pankreas kanseri ve Hodgkin dist lenfoma
geligimi arasinda bir iligki oldugunu 6ne siirmiistiir [20, 21].

Bu agir metal igin iyi belgelenmis kanserojen mekanizmalar, reaktif oksijen tiirlerinin
(ROS) olusumunu, epigenetik degisiklikleri ve dinamik DNA sisteminde hasari
icermektedir [17, 20]. Arsenik tarafindan indiiklenen epigenetik degisiklikler, tiimii

malign biiyiimeye neden olma potansiyeline sahip degisiklikler olan DNA metilasyonu,
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histonlar ve miRNA durumundaki degisiklikleri i¢ermektedir [17, 18] Baska bir
caligmada, bu toksik metalin akciger epitel hiicrelerine ek olarak makrofajlar i¢in uygun
olmayan biiyiime dongiilerini indiikleyebilecegi bulunmustur [22]. Ayrica, arsenik
tarafindan tretilen ROS'a maruz kalan makrofajlarin, potansiyel akciger karsinogenezi
ile korele olan M2 faz1 yoluyla aktive ederek yanit verdigi gozlenmistir [22]. Arsenik,
insan akciger epitel hiicrelerine kars1 spesifik bir etki mekanizmasi sergilemistir. Bu agir
metalin, p53 proteininin ekspresyonunu degistirdigi belirlenmis, bu da bir asagi akis
hedefi olan p21'in ekspresyonunun azalmasina neden olmustur [23]. Arsenigin daha fazla
incelenmesi, dogal bir antioksidan olan glutatyonun hiicre i¢i konsantrasyonlarini azaltma
yetenegini ortaya ¢ikarmistir [24]. Bu da, hiicrenin oksidatif strese maruz birakilmasiyla
olusan kanserojen aktivite potansiyelini tasimaktadir [24]. Bu agir metal i¢in 6nerilen ek
bir kanserojen mekanizma, baz eksizyon onarimimidir [25]. Yapilan ¢alismada; DNA
polimeraz beta enzimi baz eksizyon onarim sistemine dahil olarak arsenigin aktivitesini
inhibe ettigi gézlenmistir [25]. insan mesane hiicrelerinde tiimérijenik aktivite icin baska
bir yeni yol kesfedilmistir. Bu c¢alisma da, kronik arsenik maruziyetinin morfoloji
degisikliklerini indiikleme ve proliferasyonu diizenleyen proteinler igin gen
ekspresyonunu degistirme potansiyeline sahip oldugunu belirlenmistir. Arsenigi viicuttan
atmanin en etkili yolu selatér kullanimi olarak kalmistir. Rac-2,3-dimerkaptopropanol,
iki tiyol fonksiyonel grubu icermesinden dolayi, bu metal i¢in 6ne ¢ikan bir selator
olmustur [26]. Bu noktada Kklinik veriler olmamasina ragmen, akut arsenik zehirlenmesi
olan bir kiside 2,3-dimerkaptopropan-1-siilfonat kullanilmigtir [27]. Bu terapi, sinirli yan
etkilerle basarili bir tedavi ile sonuglanmistir, bu da gelecekteki ¢alismalarin 6nemini
ortaya koymaktadir [27]. In vitro analizler, arsenik trioksitin eritrolosemik hiicre
dizilerinde ve normal hemopoietik progenitér hiicrelerde (HPC'ler), Stat5
aktivasyonunun inhibisyonu ve Bcl-X(L) hedef genlerinin ve glikoforinA'nin azaltilmig
ekspresyonu gibi, biitiinligi eritroid hiicre hayatta kalmasi ve farklilagsmasi i¢in gerekli
olan eritroid transkripsiyon faktorleri Tal-1 ve GATA-1'in bdliinmesine yol agan
apoptotik mekanizmalarin aktivasyonu; ve GATA-1 biitiinliigiinii korumak i¢in gerekli
olan 1s1 soku proteini 70'in azaltilmis ifadesinin arsenik toksisitesinin molekiiler
mekanizmasinin birkag yolunu igerdigini gdstermistir [28]. in vivo olarak, arsenite maruz
kalma, farelerde patlama olusturan birim eritroid (BFU-E) kolonilerinin olusumunu ve

eritroblastlarin daha ileri asamalara farklilasmasimi da bozmusturArsenik maruziyetini

105



takiben, bu metalin oksidatif stres gibi kanserojen etkilerini azaltmak i¢in diyet
antioksidanlar1 Onerilmistir [29]. Insan maruziyetini sinirlamak igin yeni &nleme
yontemleri gelistirilmelidir. Piring ve elma suyu iki yaygin maruziyet kaynagi olarak
kabul edilmistir [29]. ElIma suyu i¢in 5 pg/L arsenik giivenlik standartlari, ¢ocuklar
tarafindan yogun sekilde tiiketilmesi nedeniyle tavsiye edilmistir [30]. Ayrica
yagmurlama sulama sisteminin kullaniminin piringteki arsenik konsantrasyonunun
¢okelmesini indiikleyerek, Onemli oOlgiide azaltma potansiyeline sahip oldugu da
gbzlenmistir [29, 30].

Berilyum

Berilyum, endiistriyel siireglerde ve teknoloji tiretiminde kullanilan agir bir metaldir. Bu
element igin birincil ¢evresel Kirlilik kaynaginin berilyumu toz halinde kullanan enerji
santralleri oldugu diistiniilmektedir [31]. Bu kontaminant i¢in genel maruz kalma
yonteminin inhalasyon olmasi nedeniyle, mevcut arastirmalar bunun akciger
karsinogenezindeki roliinii arastirmaktadir [31]. Akciger kanserinde berilyumun roliini
destekleyen incelemeler bulunmaktadir. Yiiksek konsantrasyonlarda berilyuma maruz
kalan kisilerde akciger kanseri riskinde artis gozlenmistir, bu da bu elementin bazi
kanserojen mekanizmalar1 indiikledigini diisiindiirmektedir [32]. Dis endiistrisinde
berilyum kullanimi, maruziyet i¢in ek mesleki risk olusturmaktadir [32]. Koruyucu
ekipman kullanimmin bireylerde maruziyet diizeyini Onemli Olgiide azalttig
belirlenmistir [33]. Ek olarak, Ill. evre meme kanserli hastalarda yiiksek berilyum
konsantrasyonlari tespit edilmistir [34]. Berilyuma maruz kalma ayrica osteosarkomlarin
potansiyel gelisimi igin bir risk olarak kabul edilmektedir. Berilyumun kanserojen
mekanizmalariyla ilgili ¢ok fazla arastirma yapilmamistir. Su anda var olan literatiiriin
cogu, akcigerler iizerinedir. Ornegin, tamimlanan potansiyel olarak kanserojen bir
mekanizma, akcigerlerdeki CD4* T hiicrelerinden daha yiiksek diizeyde tiimor nekroz
faktort alfa (TNF-a) sitokin salgilanmasindaki roliidiir. Bu proteinlerin her ikisinin de
enflamasyon siirecinde bir rolii vardir ve bunlarin yiiksek varliginin Kkronik
enflamasyonda etkili oldugundan siiphelenilmektedir [35]. Berilyum ayrica genetik
degisiklikleri indiikleme potansiyeline sahiptir. Ornegin, bu agir metalin, bilinen bir
timor baskilayici gen olan pl6 genini metilledigi ve inaktivasyonunu indiikledigi
gbzlemlenmistir. Selatorler, berilyumu viicuttan atmak ve toksik etkilerini azaltmak igin

kullanilan yaygin tedavi bigimleridir. lgili selatdrler, hayvanlarda test edildiginde etkili
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oldugu kanitlanan 4,-dihidroksi-1,3-benzen disiilfonik asit disodyum tuzu (Tiron) ve D-
penisilamindir (DPA) [36]. Ayrica, agir metal zehirlenmesi yasayan bir cocugu
kurtarmak i¢in yapilan bir vaka ¢alismasinda mezo-2,3-dimerkaptosiiksinik asit (DMSA)
selator kullanilmistir [37]. Bu sonug, potansiyel klinik 6nemi orta koyarak daha fazla
aragtirma yapilmasi gerektigini diisiindiirmistiir [37]. Bu metale maruziyeti, 6zellikle
mesleki maruziyeti azaltmak i¢in 6nemli ¢aligmalar bulunmaktadir.

Kadmiyum

Kadmiyum son derece toksik bir agir metaldir ve ¢evresel bir Kirletici olmasindan dolay1
onemli saglik etkileri ile bulunmaktadir [38]. Kadmiyum kirliligi genellikle madencilik,
metal arastirmalari, belirli pillerin gelistirilmesi ve pigmentlerde ¢okelmenin dnlenmesi
dahil olmak tizere bu elementi kullanan endiistrilerden kaynaklanan emisyonlardan
kaynaklanmaktadir [39]. Toprak kirliligi, kadmiyum emisyonlarindan kaynaklanan ciddi
bir sorundur ve insan maruziyeti tipik olarak soluma, sigara igme, kontamine yiyecek ve
su yoluyla ortaya ¢ikmaktadir [39, 40]. Diger bir ¢evresel kontaminasyon kaynagi, belirli
durumlarda giivenlik standartlarini asan seviyelerde kadmiyum igerdigi gozlemlenen
copliiklerdir [41]. Ek olarak, bu metalin kontamine gidalardan alinmasi, tipik bir
maruziyet kaynag olarak kaydedilmistir [20, 41]. Insanlar mesleki faaliyetlerden, sigara
igmekten, Cd ile kontamine tozdan ve kontamine gidalarin yenmesinden kaynaklanan
Cd'ye maruz kalmaktadir. Cd, diger dokulara yaygin olarak dagilmakta ve uzun bir yari
omre (yaklasik 10 y1l) sahiptir, bu da yiiksek toksisitesine katkida bulunmaktadir [42, 43].
Kadmiyuma maruz kalma, meme, yemek borusu, mide, bagirsaklar, prostat, akcigerler ve
testisler dahil olmak iizere bircok dokuda karsinojenez ile iliskilendirilmistir [39, 44-46].
Kadmiyum ayrica safra kesesinin kanserlesme siirecinde 6nemli bir role sahiptir.
Karsinogenez i¢in bir risk faktorii olarak kabul edilen safra taslarinin bilesimi, bu tip
kanserli hastalardan analiz edilmistir. Diger agir metallere kiyasla istatistiksel olarak daha
yiiksek kadmiyum konsantrasyonlar1 gézlenmistir. Mesanenin malign biiyiimesinde de,
kadmiyumun potansiyel bir rolii oldugu disiiniilmektedir [47]. Kadmiyum ayrica
laboratuvar ortaminda karaciger hiicreleri {izerinde kanserojen aktivite gostermistir [44].
Ek olarak, malign gliomal1 hastalarda artan kadmiyum konsantrasyonlari tespit edilmistir,
bu da beyinde Kkarsinogenezin potansiyel bir rolii oldugunu disiindiirmiistiir.
Kadmiyumun kanserojen etki gosterdigi 6ne siiriilen bir diger organ da pankreastir. Bu

metalin ayrica kronik miyeloid ve lenfoblastik 16semi gelisimi ile de siipheli bir iligkisi
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bulunmaktadir. Kontrollerle karsilastirildiginda, bu 16semi formlarina sahip hastalarin
kan ve serum o6rneklerinde 6nemli 6l¢iide yiiksek kadmiyum konsantrasyonlari ve daha
diisik magnezyum seviyeleri gosterdigi  belirlenmistir [48]. Bu metalle yapilan
calismalarda, idrardaki artan kadmiyum konsantrasyonunun gastrointestinal kanser
gelistirme riski ile giiglii bir sekilde iliskili oldugu belirlenmistir [14, 49].

Diger agir metallere benzer sekilde, kadmiyum ile iliskili kanserojen mekanizmalar
arasinda ROS iiretimi, epigenetik degisiklikler, DNA onarim siireglerinin inhibe edilmesi
ve apoptoz yer almaktadir [39, 45, 50]. Hem kronik hem de akut kadmiyum
maruziyetinin, malign biiyiime ic¢in artan bir risk olusturan gen diizenlemesinde
degisiklikleri indiikleme yetenegine sahip oldugu gosterilmistir. Artmis ekspresyon
sergileyen anahtar proteinler, hiicre yikimini diizenlemede yer alan bir protein olan
DNAJB9u ve metallotiyoneinleri  icermektedir.  Ayrica  transkripsiyonun
diizenlenmesinde rol oynayan bir protein olan EGR-1’in ekspresyon seviyelerinde azalma
tespit edilmistir [44]. Kadmiyum zehirlenmesinin tedavisi i¢in su anda herhangi bir
standart terapotik 6nlem bulunmamaktadir [51]. Bununla birlikte, bu metalin toksik
etkilerini azaltan bilesikler gelistirmek icin devam eden arastirmalar vardir. Ornegin,
kadmiyum i¢in segici afiniteye sahip benzersiz peptoid ligandlar gelistirmek igin
aragtirmalar yapilmistir [51]. Ayrica ¢ogu bitkide bulunan bilesikler olan flavonoidlerin
antioksidan ozelliklere sahip oldugu ve kadmiyum atomlarini selatlayabildigi
belirlenmistir. Flavonoidlerin yapisinin kadmiyum tizerindeki etkisi ile nasil iliskili
oldugunu belirlemek i¢in daha fazla ¢alisma 6nerilmektedir [52]. Kadmiyumun neden
oldugu hasar i¢in terapotik bir 6nlem olarak kok hiicrelerin kullanimina iliskin
aragtirmalar da mevcuttur. Bir ¢alismada, si¢an testisleri zararli seviyelerde kadmiyuma
maruz birakilmistir [53]. Kemik iligi mezenkimal kok hiicreleri ile tedavi iizerine, sican
testislerinin apoptoz regiilasyonu ile ilgili daha uygun protein seviyeleri gosterdigi
gozlenmistir. EK olarak, bu hiicrelerin hasarli testis dokusunu restore ettigi belirlenmis ve
olasi bir mekanizmani mitokondriyal apoptoz ile iliskili oldugu 6ne siirilmiistiir [53].
Kursun

Kursun (Pb) toksik bir agir metaldir ve maruz kalinmasi saglik i¢in 6nemli riskler
olusturmaktadir. 1995 yilinda ticari olarak satilan benzinde kullanilmasi yasaklanmasina
ragmen, kursun hala havacilik yakitina eklenmektedir [54]. Bu gevre kirliligi kaynaginin

yiiksek diizeyde kursun emisyonuna katkida bulundugu belirlenmistir [54]. Ayrica sigara
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icenlerin, ek bir cevresel maruziyet kaynagini temsil eden yiiksek kan kursun seviyeleri
icerdigi belirlenmistir. Madencilik gibi belirli meslekler de kursun maruziyetinde rol
oynamaktadir [55].

Artmis kursun maruziyetinin herhangi bir kanser tiiriiyle iliskili olup olmadigim
belirlemek icin gesitli epidemiyolojik calismalar yapilmistir. Pb'ye maruz kalma hem
eritrositler hem de 16kositler dahil olmak iizere kan hiicrelerinin sayisini azaltmaktadir.
Pb maruziyetine bagli olarak kemik iligi tizerindeki toksik etkiler, insanlarda mesleki
maruziyetler altinda veya hayvan deneysel zehirlenme modellerinde daha diistik
seviyelerde tanimlanmistir [42]. Ek olarak, mevcut arastirmalar bu noktada kursunun
kanserde nedensel bir rolii olmadigini, ancak daha destekleyici bir rol oynayabilecegini
gostermistir [56]. Kadmiyum ve kursun, glioma hastalarinda 6nemli 6lgiide Yyiiksek
konsantrasyonlarda saptanmis ve bu iki metalin bir araya getirilmesinin asir1 toksik etkiler
tiretebilecegini diistindiirmiistiir. Bir ¢alisma da, kursuna maruz kalma ile bobrek kanseri
gelisimi arasinda giiglii bir iliski belirlenmistir [57]. Baska bir ¢alisma da, daha yiiksek
kan kursun diizeyi olan hastalarda renal hiicreli karsinom gelisme riskinin arttigi
sonucuna Vvarilmistir[58]. Safra taslarinda istatistiksel olarak daha yiiksek
konsantrasyonlarda gozlenen kursun, birkag agir metalden biridir [47]. Bu, bu metale
maruz kalmanin safra kesesinde artan bir malign biiyime riskini temsil ettigini
gostermektedir [47]. Kursuna maruz kalan isciler lizerinde yapilan bir ¢alismada, bu agir
metale maruz kalma ile akciger dokusunda artan karsinojenez riski arasinda pozitif
korelasyon ve beyin, girtlak ve mesane dokularinda malign biiytime i¢in marjinal pozitif
korelasyon gozlenmistir [59]. Ekzokrin pankreas kanseri olan bireylerde birkag ek agir
metalle birlikte kursunun yiiksek seviyelerde tespit edildigi bildirilmistir. Bu da, kanserin
gelisiminde bilinmeyen bir mekanizma oldugunu disiindiirmistiir [20].

Mevcut literatiir, kursunun kanserojen mekanizmalari hakkinda kapsamli bir anlayis
sergilememistir; ancak, makul mekanizmalar 6nerilmistir [60]. Mevcut calismalarda
kursun elementinin, hiicresel timor diizenleme genlerini, DNA onarim sistemini bozarak
ve DNA hasarini indiikleyerek Kkarsinojenik siireci destekledigi varsayilmistir [61].
Fareler tizerinde yapilan bir ¢caligmada, kursunun ROS olusturma, kromozomal yap1 ve
diziyi degistirmedeki roliinii destekleyen kanitlar bulunmaktadir. Ayrica kursunun, bu
sistemi diizenleyen bazi proteinlerde cinkonun yerini alarak transkripsiyon siirecini

bozma potansiyeline sahip oldugu belirlenmistir [61]. Epidemiyolojik bir ¢aligmada,
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yiiksek serum kalsiyum diizeylerinin renal hiicreli karsinom gelisme riskinin daha diisiik
olmasiyla iligkili oldugu belirlenmis ve bu, anlamliligi belirlemek igin Klinik bir
arastirmaya ihtiya¢ oldugu gosterilmistir. Selasyon tedavisi, kursun zehirlenmesi olan
bireyler i¢in onerilen tedavi seklidir [62]. Viicuttaki kursun seviyelerini azaltmak i¢in
yaygin  selatorler  arasinda  British,  Anti-Lewisite,  kalsiyum  disodyum
etilendiamintetraasetik asit, D-penisilamin ve Meso-2,3-dimerkaptosiiksinik asit
bulunmaktadir ve spesifik bir selatoriin kullanimi bireyin durumuna gore degismektedir
[62]. Daha az toksik tedavilerin etkinligi konusunda da arastirmalar yapilmistir. Ornegin,
klinik bir ortamda sarimsak verildiginde, siddetli olmayan kursun zehirlenmesinde
kandaki kursun seviyelerini diisiirdiigi ve semptomlart hafiflettigi bulunmustur [62].
Kandaki kursun konsantrasyonunu diisiik tutmak icin en etkili strateji, maruziyetin
onlenmesidir [57]. Bu, onemli diizeyde kursun emisyonu fireten endistrilerin ve
calisanlarin maruziyeti smirlamak igin giivenlik yonergelerine uymasini saglamay1
icermektedir [62]. Ayrica kursun kontaminasyon kaynaklarinin tanimlanmasinin
ardindan uzaklagtirma veya kaginmanin bu agir metale maruz kalmay1 azaltmak igin ideal
¢oziim oldugu one stirtilmistiir [62].

Civa

Civa, ciddi saglik komplikasyonlar: potansiyeli olan baska bir toksik agir metaldir. Bu
element mineral formunda eser miktarlarda bulunabilmesine ragmen, c¢evrede
bulunanlarin ¢ogu islenmis civadan kaynaklanan insan kaynakli Kirlilikten olmaktadir
[63]. Civa, mesleki ve ¢evresel kontaminasyona neden olan genis bir kullanim alanina
sahip bir metaldir. Bu agir metalin gesitli kaynaklar1 arasinda termometreler, fosil yakit
emisyonlari, dis dolgulari, baz1 piller ve yanan tibbi atiklar bulunmaktadir [63]. Civa
bilesikleri; buharlasarak atmosfere girme veya toprak ve su sistemlerinden igeri girme
potansiyeline sahiptir [64-66]. Metil civaya ¢evresel maruziyetin birincil yontemi olarak
biiyiik miktarlarda deniz {irtinii tiikketmek tanimlanmistir [63]. Civanin ekosisteme girdigi
yol heniiz kesfedilmemis olsa da, bu agir metalin deniz kabuklular1 ve ton baliklarindaki
biyolojik birikimi gézlemlenmistir [63, 66, 67]. Su anda nedensel bir rol belirlenmemis
olsa da, bu element i¢in bir hedef olmasi nedeniyle civa maruziyetinin bobrek kanseri ile
iliskili olabilecegi One siiriilmistiir [63]. Baska bir ¢alismada, artan civa maruziyetinin
karaciger kanseri ile iliskili oldugunu ve ayrica mide kanserini indiiklemek igin

karsinojenik potansiyele sahip oldugunu gézlemlenmistir [68]. Civa, safra kesesi kanserli
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hastalarda istatistiksel olarak daha yiiksek konsantrasyonlarda bulunan ve safra taglarinda
saptanan bir baska agir metaldir [47]. Bu metal ile nedensel bir iliski gézlenmemis
olmasina ragmen kanser gelisiminde bir rolii oldugu varsayilmistir [47].

Bu calismada tartisilan diger agir metallerin ¢oguna kiyasla civa, birkag spesifik
mekanizma yoluyla malign biiyiimeyi indiikkleme potansiyeline sahiptir. Bunlar, serbest
radikal {iretme yeteneginin yani sira DNA molekiiler yapisini ve DNA onarim sistemini
bozmayi icermektedir [64]. Bununla birlikte, civanin ya bu metale 6zgii olan ya da ¢ogu
agir metalde gozlenmeyen birkag kanserojen mekanizmaya sahip oldugu ileri
stiriilmiistiir. Civanin kanserojenligini artiran bir mekanizma, viicudun dogal bir
antioksidan olan glutatyon konsantrasyonunu azaltmadaki rolii oldugu diistiniilmiistiir.
Bu da, potansiyel olarak temel hiicresel bilesenlerin oksidatif strese duyarliliginin
artmasina katkida bulunmaktadirr. Hiicreler tizerindeki oksidatif stresin, karsinojenez ile
iligkili bagka bir mekanizma olan lipid peroksidasyon oranlarini yiikselttigi gosterilmistir
[63]. Civanin, diger siireglerin yani sira hiicre boliinmesini bozabilen hiicrelerdeki
mikrotiibiilleri etkileyebilecegi de 6ne siiriilmistiir [64]. Selatorlerin kullanimi, civanin
viicuttan atilmasi i¢in ortak terapotik stratejidir. Klinik ortamda en etkili iki selatoriin
dimerkaptosiiksinik asit (DMSA) ve dimerkaptopropan siilfonat (DMPS) oldugu
belirlenmistir [69, 70]. Test edilmemis selatorlerin civaya karsi etkinliklerinin
arastirilmas1 igin de arastirmalar yapilmistir. Ornegin, deferasiroks ve deferipron
birlestirilerek siganlar {izerinde test edilmistir [71]. Bu kombinasyonun civayi basarili bir
sekilde selatlayabildigi ve civanin toksik etkilerini azalttigi gozlenmistir [71]. Benzersiz
bir deneysel selator, tiyol ile modifiye edilmis nanogozenekli silika materyalidir [72].
Hayvanlar tizerinde yapilan testlerin ardindan, bu materyalin, diger bir¢ok agir metalle
birlikte, marjinal toksisite ile civayr ortadan kaldirmak igin muazzam bir potansiyel
sergiledigi gézlemlenmistir [72]. Baska bir ¢alismada; adli/koroniyal otopsiler sirasinda
tiroid 6rnekleri alinan, farkli klinikopatolojik kosullara sahip 1-104 yaslari arasindaki
115 kisiden formalinle sabitlenmis parafine gémiilii tiroid doku bloklar1 elde edilmistir.
Bu doku bloklarindan alinan yedi mikronluk kesitler, otometalografi kullanilarak hiicre
i¢i inorganik civanin saptanmasi i¢in kullanilmis ve civanin varligi, ¢oklu elementleri
tespit edebilen lazer ablasyon-endiiktif olarak eslestirilmis plazma kiitle spektrometrisi
kullanilarak dogrulanmistir. Sonug olarak; 1-29 yaslari arasindaki kisilerin %4'tinde, 30-

59 vyaglart arasinda %9'unun ve 60-104 yaslar1 arasinda %38'inin tiroid folikiiler
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hiicrelerinde otometalografide civa bulunmustur. Lazer ablasyon-endiiktif olarak
eslestirilmis plazma kiitle spektrometrisi, otometalografi ile boyanan 6rneklerde civa
varligini dogrulanmis ve segilen orneklerde ayrica kadmiyum, kursun, demir, nikel ve
giimiisi tespit edilmistir [73].

Nikel

Diinyanin ¢ekirdeginde bulunan agir bir metal olan nikel, kanserojen 6zelliklerin daha iyi
anlasilmas1 nedeniyle arastirmacilarin dikkatini ¢ekmistir. Bu metal, gevresel veya
mesleki bir ortamda maruz kaldiginda toksik etkiler iiretmektedir. Nikele potansiyel
mesleki maruziyeti iceren birkag endiistri, madencilik, metal alasimlar1 ve nikelin rafine
edilmesini icermektedir [74, 75]. Bu agir metalin kirliligi gevreye zarar vererek, balik gibi
insan besin zincirine giren organizmalarda biyolojik olarak birikebilmektedir [76].
Kirlenmis toprak, bu toksik metalle temas etmenin baska bir yontemini temsil etmektedir
[74].

Nikel maruziyeti ile iliskili g¢esitli birgok kanser vardir. Epidemiyolojik g¢alismalar,
akciger, nazal ve siniis dokularinda maruziyet ile karsinogenez insidansi arasinda 6nemli
bir iliski oldugunu ortaya koymustur [18, 75, 77, 78]. Baska bir calismada, meme kanserli
hastalarda yiiksek serum nikel diizeylerinin istatistiksel olarak anlamli oldugu belirlenmis
ve bu da, maruz kalmanin potansiyel olarak kanserojen sonuglart oldugunu
distindiirmiistiir. Bu agir metale maruz kalma, akut miyeloid ve lenfoblastik 16semi
gelisimi ile de iliskilendirilmistir. Bu l6semili cocuklarda idrarin daha yiiksek seviyelerde
nikel ve 8-hidroksi-2'-deoksiguanozin igerdigi belirlenmistir [79]. Bu sonuglar, bir etki
mekanizmasi olarak oksidatif hasari indiikleyerek akut 16semide nikelin bir rolii oldugunu
ortaya koymustur [79]. Arastirma ayrica ekzokrin pankreas kanseri olan kisilerde yiiksek
nikel konsantrasyonlariin varhgmi da ortaya g¢ikarmistir [18]. Mevcut bagka agir
metaller olmasina ragmen, bu bulgular nikelin kanserojen etkisi oldugunu
diistindiirmektedir [18].

Nikel’in kronik inflamasyondaki rolii hayvanlarda ve insan hiicre orneklerinde
aragtirtlmistir. Maruz kalmanin, inflamasyon diizeylerinin korunmasinda rolii olan
SQSTM1 ve TNF proteinlerinin ekspresyonunu artirdigi ve karsinogenezi indiikledigi
sonucuna varitlmistir [78]. Diger agir metaller gibi, nikel de DNA metilasyonundaki
degisiklikler gibi epigenetik degisiklikleri indiikleme potansiyeline sahiptir. Ornegin,

nikel iyonlarmin (Ni*2) histon H3K4'{in tri-metilasyonunu indiikleme potansiyeline sahip
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oldugu gozlenmistir [80]. Bu siireg, nikel i¢in baska bir kanserojen mekanizma oneren
uygun olmayan transkripsiyonel aktivasyon ile iligkilendirilmistir [80]. Diger agir
metallerle karsilastirildiginda, nikel iceren selatorlerin kullanimi belirgin  sekilde
farklidir. Sodyum dietilditiyokarbamatin nikel karbonile yanit olarak etkili bir selator
oldugu kamtlanmistir. Ornegin etilen diamin tetraasetik asidin (EDTA), Arundo donax
L.'de kirlenmis topraktan nikel alimini indiikledigi goézlemlenmistir [81]. CaNa(2)
EDTA'nin nikel kloriiriin neden oldugu hasari tersine gevirdigi ve metali Cirrhinus

mrigala'dan uzaklastirdigi da belirlenmistir [82].
Sonuc¢

Agir metaller viicuda igme suyu, yiyecek (sindirim sistemi), hava (solunum sistemi) ve
bazen de deriden maruz kalma dahil olmak tizere farkli yollardan girmektedir ve insan
viicudunda birikmektedirler. Toksik metallerin biyobirikimi, viicudun doku ve organlari
tizerinde ¢esitli toksik etkilere yol agmaktadir. Metal toksisitesinin akut veya kronik
belirtileri olabilmektedir. Agir metaller, biiytime, ¢ogalma, farklilasma, hasar onarim
stiregleri ve apoptoz gibi hiicresel olaylar1 bozmaktadirlar. Toksik metaller ayrica gen
ekspresyonunu etkileyebilecek epigenetik degisiklikleri de tesvik edebilmektedir. Bu
metallerin etki mekanizmalarinin aydinlatilmasi; ROS firetimi, antioksidan savunmanin
zayiflamasi, enzim inaktivasyonu ve oksidatif stres dahil olmak tizere toksisiteyi
indiiklemek icin benzer yollar ortaya koymaktadir. Ornegin; Cr, Cd ve As gibi bazi toksik
metaller genomik kararsizliga neden olmaktadirlar. Oksidatif stresin indiiklenmesini
takiben DNA onarimindaki kusurlar ve bu metallerin DNA hasari, kanserojenliklerinin
nedeni olarak kabul edilmektedir. Bu noktada mevcut olan bu arastirma, gelecekteki
caligmalar i¢in ¢esitli vurgu alanlarini aydinlatmigtir. Kanserojen mekanizmalarin rafine
bir sekilde anlagilmasinin gerekli oldugu agiktir. Bu, belirli agir metaller igin
kisisellestirilmis terapotiklerin veya maruziyete yonelik onlemlerin olusturulmasina
yardimc1 olmaktadir. Devam eden bilgi konsolidasyonu, ilerlemeye devam eden bir diger
onemli faktordiir. Agir metallere maruz kalmayla iligkili riskler konusunda farkindalig:
artirmak icin ytiksek riskli alanlarda da etkili egitim programlarina ihtiya¢ duyulmaktadir.
Ayrica agir metalleri izlemek igin 6zel biyobelirtecler gelistirmek bu alanda biiyiik bir

basari olacaktir.
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Kisaltmalar

Al: Aliiminyum, As: Arsenik, Pb: Kursun, Ni: Nikel, Be: Berilyum, Cd: Kadmiyum, Hg: Civa, DMSA:
Dimerkaptosiiksinik asit, DMPS: Dimerkaptopropan siilfonat, DNA: Deoksiriboniikleik asit, ROS: Reaktif
oksijen tiirleri, TNF: Tiimor nekroz faktor, GI: Gastrointestinal sistem
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OZET

Ailevi Akdeniz Atesi; otozomal resesif genin kalitimiyla, dogustan gelen ve immiin
sistemi etkileyen bir otoinflamatuvar hastaliktir. Hastalik, 16. kromozomdaki MEFV
geninde olusan mutasyon sonucu gozlenir ve tekrarlayan ates ve serozit ataklarla
seyreder. Colchicum autumnale L. isimli tibbi bitkinin tohumlarindan elde edilen kolsisin
isimli alkaloit giiniimiizde ailevi akdeniz atesi tedavisinde yaygin olarak kullanilmakta
ve etkin bir rol oynamaktadir. Yakin zamanli baz1 aragtirmalar Andrographis paniculata
Nees., Eleutherococcus senticosus Maxim., Schizandra chinensis Bail., and Glycyrrhiza
glabra L. bitki kombinasyonun ailevi akdeniz atesi hastalarinda giivenli ve etkili
olduguna dair anlaml veriler sunmaktadir. Cannabis sativa L. ise direngli ailevi akdeniz
atesi olgularinda alternatif bir terapotik segenek olarak degerlendirilmektedir. Bu
¢alismada ailevi akdeniz atesi tedavisinde kullanilan dogal kdkenli bir ilag etkin maddesi
olan kolsisinin detayli incelenmesi ile bunun yani sira diger potansiyel tibbi bitki
tiirlerinin degerlendirilmesi amaglanmaktadir.
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The Role of Colchicine and Potential Medicinal Plants in the

Treatment of Familial Mediterranean Fever

ABSTRACT

Familial Mediterranean Fever; it is a congenital autoinflammatory disease that effects the
immune system, inheriting an autosomal recessive gene. The disease is observed as a
result of mutation in the MEFV gene on the 16th chromosome and progresses with
recurrent episodes of fever and serositis. The alkaloid named colchicine, obtained from
the seeds of the medicinal plant Colchicum autumnale L., is widely used and plays an
active role in the treatment of familial mediterranean fever today. Some recent studies
provide meaningful data that the combination of herbs Andrographis paniculata Nees.,
Eleutherococcus senticosus Maxim., Schizandra chinensis Bail., and Glycyrrhiza glabra
L. is safe and effective in patients with familial mediterranean fever. Cannabis sativa L.
is evaluated as an alternative therapeutic option in resistant familial mediterranean fever
cases. In this study, it is aimed to examine in detail colchicine, a natural origin drug
substance used in the treatment of familial mediterranean fever, as well as to evaluate
other potential medicinal plant species.
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Giris

Ailevi Akdeniz Atesi (AAA), tekrarlayan ates ve poliserozit ataklar ile karakterize
monogenik otoinflamatuvar bir hastaliktir [1]. Tiirkiye’deki AAA hastalarinin %70’inin
Dogu Anadolu ve Karadeniz Bélgesi, %24 iiniin i¢ Anadolu ve kiiciik bir kismmin Ege
Bolgesi kokenli oldugu belirtilmistir [2, 3].

AAA’nin esas olarak miyeloid hiicre kokeninden eksprese edilen pirin proteinini
kodlayan MEFV geninde olusan mutasyonlar sonucunda olustugu ve pirin proteininin
proinflamatuvar sitokinlerin salgilanmasin1  artirarak inflamasyonu  diizenledigi
bildirilmektedir [4, 5]. Mutasyon sonucu pirin proteini, Nacht bolgesi —, 16since zengin ve
pirin bolgesi iceren protein 3 (NALp3)’teki spesifik bolgesine baglanarak inflamozom
kompleksi olusturur [5-7]. Bu kompleks, kaspaz-1°i aktive ederek interlokin-15 (IL-15)
aktivasyonu ve lokosit apoptozunun inhibisyonu sonucu kontrolsiiz inflamasyon ve
ataklarin ortaya ¢ikmasina neden olur [2, 5, 6]. Ataklar sirasinda Tiimor Nekroz alfa
(TNF-a,) IL-6 ve IL-8, remisyon doneminde ise TNF-o ve serum amiloid A (SAA)
diizeylerinin arttigi, SAA protein diizeyinin artmasiyla da amiloidoz gozlendigi
belirtilmistir (Sekil 1) [5,8].

Inflamozom ohisumu Pro-IL- 1B inﬂamasyon

Ates

Serozit ataklar
/ Eklem agris1
. IL-1 reseptor
MEFV gen mutasyonu 0

{ baglanmast ﬂ
IL-1B
Anak& %
baglanmasmn

engellenmesi ﬂ

inflamozom ohigumunun Amiloidoz renal
engellenmesi hasara neden olabilir

Kolsisin

= o

Sekil 1 AAA’nin patojenezi, kolsisin ve anakinra’nin etki mekanizmasi [9]

Fig 1 Pathogenesis of AAA, mechanism of action of colchicine and anakinra [9]
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AAA tedavisinde yasam kalitesinin artirilmasi, ataklarin sikligi, siiresi, siddeti ile
inflamasyonun azaltilmasi ve amiloidozun 6nlenmesi hedeflenmektedir [10]. Kolsisin ise
ataklarin azaltilmasinda, amiloidozun onlemesinde ve tam remisyonun saglanmasinda
etkili bir ilagtir [10]. Su an AAA’nin gegerli tek tedavisi kolsisin oldugu i¢in kolsisine
alternatif kullanilabilecek yeni non-toksik antiinflamatuvar ilaglarin arastirilmasi pratik
acidan Onemlidir. Bu c¢aligmada, AAA tedavisinde kolsisin alkaloitinin ve diger
potansiyel tibbi bitkilerin giincel olarak kullanimi incelenmistir.

Kolsisin

Kolsisin, Colchicum autumnale L. (Colchicaceae, ¢igdem) ve Gloriosa superba L.
(Liliaceae, ates lalesi) bitkilerinden elde edilen zehirli bir alkaloittir. [11, 12].

Kolsisinin MO 1500 yilina ait eski Misir’in énemli tibbi belgelerinden Ebers Papyrus'ta
eklem agrilarinda kullanilan bir bitkisel ilag olarak tanimlandigi bildirilmektedir. C.
autumnale soganlarinin gut tedavisinde kullaniminin MS 550 yilina kadar uzandig
kayithdir (Sekil 2) [13, 14]. Kolsisinin ilk olarak Pelletier ve Caventou tarafindan 1820
yilinda C. autumnale soganlarindan izole edildigi kayithdir [11, 12].

1980: Ateroskleroz tedavisinde 2013: Akut ve kronik
i s 833: Kolsisin etkinlisi kesfedildi perikardit tedavisinde
6. yiizyll: Gut tedavisinde ; Y il
I c kolsisin kull
‘kullamhnaya basland1. olarak adlandinlds. ] g 2019: Ateroskleroz
1971 1990: Ateroskleroz. atriyal :e da\liAs i:i;:skole;i(s)i_n
X, e fibrilasyon ve perikardit 2015: ‘ ?
A ‘tedavisinde kullanildi Autiinflamatuvar |, KULanI!
. . aktivite calismast )
1971-1979: 1990: Kardiyovaskiiler & 2019: Kardiyovaskiiler
thmk 0 i K hastaliklarin tedavisinde ¥ hastaliklarda kolsisin
T AL Kolsisin kullanimsyla ilgil tedavisi hakkmda klinik
ilk klinik calisma yapildi. calisma yapildz.
o o0 o o ¢ & o O ] [ ] o 06 o 0 0O
)
2020: Kolsisinin
kardiyovaskiiler hastalik
. ‘ . 2011: Perikardit insidansin azaltig dogruland.
198Q: Penkardlt tedavisinde tedavisinde kolsisin A .
kolsisin kullaniimaya basland1. ‘mllamunmn etkintigi | 2018: Atriyal fibrilasyon
ve giivenligi Kanland¥tedavisinde kolssin
oo kullaninu
‘I\LO 1500: 1820:
Ebers papiriis ¥ Bitki soganlarmdan izole edildi. 2005: Trisiklik alakaloit
Antimitotik etki kesfedildi. olarak kolsisinin kimyasal
yapist belirlendi.

Sekil 2 Tip tarihinde kolsisinin zaman ¢izelgesi [15].
Fig 2 Timeline of colchicine in medicinal history [15].
Goldfinger, ilk olarak 1972'de giinde 1-3 mg kolsisin ile tedavi edilen bes AAA

hastasinda etkili semptomatik iyilesme oldugunu belirtmis ve kolsisin AAA
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profilaksisinde tercih edilmeye baslanmistir [12, 16]. 2009°da ise ABD Gida ve ilag
Idaresi, AAA ve diger inflamatuvar (gut, artrit vb.) hastaliklarin tedavisi icin kolsisin
kullanimini onaylamistir [16, 17, 18].

Kolsisin, bir trimetoksifenil halkasi, yedinci konumunda asetamid bulunan yedi karbonlu
bir halka ve bir tropolonik halkadan olusan trisiklik bir alkaloittir (Sekil 3) [12, 16].

OCH,

Sekil 3 Kolsisinin kimyasal yapisi
Fig 3 Chemical structure of colchicine

Kolsisinin antiinflamatuvar etki mekanizmasi
Kolsisinin kaspaz-1 aktivasyonundan ve IL-15 salgilanmasindan sorumlu olan NALp3
inflamozomlarini ve 16kotrien olusumunu baskiladigi, profilaktik tedavide kaspaz-1 veya
niikleer faktor kappa B (NF-kB)’ye bagl hiicre i¢i sinyal yolaklarini inhibe ederek
inflamatuvar yaniti diizenlendigi bildirilmistir [17, 18]. Ayrica makrofajlar araciligiyla
TNF-a sentezini inhibe edip salgilanmasini diizenledigi [19] ve IL-1f salgilanmasini
inhibe ettigi kayitlidir [18]. Ek olarak; inflamasyon olusumunda nétrofillerin kemotaksis,
adhezyon vb. etkilerini diizenledigi goriilmistir [17, 18]. Antiinflamatuvar etkiyi
olusturan yolaklar (Sekil 4):
» Makrofajlar tarafindan TNF-a sentezinin inhibisyonu [20];
» Siklooksijenaz-2 (COX-2) aktivitesi inhibisyonu, proinflamatuvar ajanlarin,
(prostaglandin E2 ve tromboksan A2) sentezinin inhibisyonu ile gut ve AAA’da
o0dem ve agrinin azalmasi [12, 21, 22];

» Notrofil ve monositlerde bulunan NALp3 inflamozom aktivasyonunu ve IL-1f5
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aktivasyonunun engellenmesi [21, 22];

» Endotelyal ve nétrofilik adhezyonun inhibisyonu olarak siralanabilir [12, 21]. Gut
ve AAA ataklari tizerindeki profilaktik etkinin bu son iki mekanizmaya bagli oldugu
diistintilmektedir [12].

Hi— Notrofil

o 4
,-o .,f° Kolsisin \‘I\.. \
g Kemotaksis

o’ 0 + [ Adezyon
NLRP3 inflamazom _ @

Kaspaz-1

Tiibiilin-kolgisin
kompleksi

distik doz kolsisin
Polimerizasyon

IL-1p Pro -IL-1B NFKB
yiiksek doz kolsisin
TNFa

Depolimerizasyon

Sekil 4 Antiinflamatuvar etkiyi olusturan yolaklar [20]

Fig 4 The pathways that produce the anti-inflammatory effect [20]

Kolsisinin tiibiilin tizerindeki yiiksek afiniteli baglanma bolgelerine geri doniisiimsiiz
baglanarak tiibiilinin hiicre iskeletindeki mikrotiibiillerin (+) uclarina yerlesimini
onledigi, hiicre boliinmesinde mitotik ig ipliklerinin olusumu dahil olmak iizere yapisal
kararsizlik olusturarak hiicre boliinmesini engelledigi belirtilmistir. Ayni1 zamanda akut
faz reaktanlar1 ve NALp3 ile etkilesime girerek inflamasyon olusumunu es zamanli inhibe
ederek AAA iizerinde etki gosterdigi bildirilmektedir. [16].

AAA tedavisinde kolsisinin yeri

Kolsisin, AAA tedavisinin temelini olusturur. Hastalarin %60-75'inde tam remisyon,
%15-30’unda anlamli iyilesme ve %5-10'unda ise tedaviye yanit alinmadigi
belirtilmektedir [23]. Tedaviye yanit vermeyen hastalarin ise tedaviye uyum gostermedigi
veya dozun yetersiz oldugu bildirilmistir [24].

Baz1 AAA hastalarinda ataklar goriilmeden de inflamasyon olusabileceginden proteiniiri

ve inflamasyon Olgiitlerinin takibi i¢cin SAA diizeyi belirlenmelidir, belirlenemedigi
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durumlarda C-reaktif protein (CRP), eritrosit sedimentasyon hizi (ESH) ve fibrinojen
degerlerinin takip edilmesi gerektigi kabul edilmistir [21].

Yetiskinlerde kolsisin dozu giinde 1 mg'dir ancak, ataklarin kontrol altina alinamadigi
hastalarda klinik remisyon gozlenene kadar 2 mg'a yiikseltilebilecegi ve toksisite riski
acisindan kisa siireli, yiiksek doz kolsisin verilmesinin uygun goriilebilecegi
bildirilmistir. [12, 24].

Tekrarlanan dozlarla ilgili yapilan ¢alismalarda; 15 giin boyunca 1 mg/giin dozunda oral
kolsisin verilen saglikli goniilliilerde, 5 giin i¢inde 0,7-1,4 ng/mL plazma diizeyinde
kararli durum konsantrasyonunun olustugu belirtilmistir. AAA’l1 hastalarda ise 0,15-1,9
mg/mL veya 0,5 ve 2 mg/gin arasindaki dozlarda ortalama kararli durum
konsantrasyonunun 2,0 + 0,4 ng/mL oldugu belirtilmistir [25].

Cocuklarda kolsisin tedavisinin giivenli ve etkili oldugu bildirilmistir [21]. Tedavinin
baslangi¢ dozu ise viicut agirligina veya yiizey alanina gore ayarlanmakta olup minimum
doz, 2 yasina kadar giinde yaklasik 0,25 mg'dir ve 6-7 yaslarinda 1 mg'lik tam giinliik
doza yiikseltilebilecegi, Vviicut yiizey alan1 1 m?den fazla olan ¢ocuklarda ise dozun
yetiskin dozuna yiikseltilmesi gerekliligi kayitlidir [24].

Amiloidoz gelisen hastalarda ve amiloidoza bagli bobrek yetmezliginde, amiloidozun
Oonlenmesi veya ilerlemesinin durdurulmas: amaciyla kolsisinin 2 mg/giin dozunda
verilmesi, siddetli bobrek yetmezligi olgularinda ise dozun azaltilarak kullanilmasi
gerektigi bildirilmistir. [21, 24].

Glomeriiler filtrasyon hizi (GFH); 60 mL/dk/m? oldugunda normal doz, 20-60
mL/dk/m?’ye diistiigiinde normal dozun %65-75"1 ve 20 mL/dk/m?’ye diistiigiinde ise
normal dozun %50’sinin kullanilmasinin uygun oldugu kayithidir [2, 21].

Oral kolsisine direngli AAA hastalarinda ek olarak 1 mg/hafta dozunda intravenoz (i.v)
kolsisin enjeksiyonlarinin etkili oldugu gosterilmis, kolsisin bolusunun ilag
absorpsiyonundaki sorunlar1 6nledigi ve farmakolojik etkinin olugsmasi i¢in gerekli serum
konsantrasyonunu sagladigi diistiniilmistiir [24, 26].

Bunlarin sonucunda; kolsisinin akut ataklar1 azaltmada ve renal amiloidozun
profilaksisinde etkili olarak, AAA tedavisinde dnemli bir roliiniin oldugu gosterilmistir
[17]. Komplikasyonlarin tekrarlanmamasi ve etkilerin devamliligi agisindan tedavinin
yasam boyu siirdiiriilmesi gerektigi bildirilmektedir [21, 24]. Ilacin kesilmesi durumunda,

¢ogu hastada birkag giin i¢inde hastaligin niiksettigi belirtilmistir [12].
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10 mg kolsisin dozunun toksisiteye neden oldugu gosterilmistir [24]. Dozun alinmasindan
2-5 saat sonra ates, bulanti, kusma ve karin agrisi gibi semptomlarin gorildiigi
belirtilmistir [11, 24]. 24-72 saat sonra ise karaciger hasari, bobrek yetmezligi, aritmi ve
kalp yetmezligi gozlendigi kayithdir [17, 24, 27].

AAA Tedavisinde Tibbi Bitkilerin Yeri

Otoimmiin hastaliklarin immunopatojenezinde ¢oklu mekanizmalarin etkili oldugu,
proinflamatuvar sitokinlerin inflamasyon olusumunda rol oynadigi ve inflamasyon
yolaklarinin NF-kB ve NALp3 tarafindan diizenlenmekte oldugu gozlenmistir. Tibbi
bitkilerin  ise inflamozom aktivasyonunu inhibe etmeleri sonucu olusan
immiinomodiilatér ve antiinflamatuvar aktiviteleri dolayisiyla kronik inflamatuvar
hastaliklarin tedavisinde etkili olduklar1 bildirilmistir [28, 29].

Izleyen boliimde, AAA tedavisinde potansiyel olabilecek tibbi bitkilerin etki
mekanizmalari ve klinik verileri tartisilmaktadir.

Cannabis sativa L.

Cannabinacaea familyasindan Cannabis sativa L. (kenevir) otsu bir bitki olup Orta
Asya'da yetistirilmektedir ve aktif bilesenleri kannabinoitler, flavonoitler ve alkaloitlerdir
[30]. Bitkiden izole edilen terpenofenolik yapidaki bilesikler "kannabinoitler" olarak
adlandirilir. Bunlar 11 genel tipte siniflandirilabilir; A9-tetrahidrokannabinol (A9-THC,
Sekil 5), kannabidiol (CBD, Sekil 6), kannabinodiol (CBND), kannabinol (CBN) ve
cesitleridir [32]. Bunlar arasinda psikoaktif etki agisindan en 6nemli bilesik A9-THC’dir
[30].

CH,
\\\.
H3C ‘\‘
He' O CH,

Sekil 5 Tetrahidrokannabinoliin kimyasal yapisi
Fig 5 Chemical structure of tetrahydrocannabinol
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Sekil 6 Kannabidioliin kimyasal yapis1

Fig 6 Chemical structure of cannabidiol

Kannabinoidlerin kanser, kronik agri ve fibromiyalji gibi belirli endikasyonlarda
onaylanmis nabiximols, dronabinol ve kannabidiol isminde miistahzarlarinin bulundugu
belirtilmistir. Tiirkiye ila¢ ve Tibbi Cihaz kurumunun “Yurtdisi Ilag Listesinde”
nabiximols ve kannabidiolun bulundugu bildirilmistir [31].

Kannabinoitlerin antiinflamatuvar ve immiinomodiilator etkilerini arastirmak {tizere
yapilan calismalarda inflamasyon siirecini diizenledikleri bildirilmektedir. /n vitro bir
calismada THC’nin kaspaz-1 ile pro-IL-1f aktivasyonunu ve sitokin iiretimini inhibe
ettigi gosterilmistir. /n vivo bir diger calismada ise, CBD tedavisinin uygulandig1
makrofaj hiicrelerinin NALp3 aktivitesini inhibe ettigi ve NF-kB sinyal yolunu
baskiladig1 belirtilmistir. Preklinik ¢aligmalarda ise CBD’nin IL-18 ve TNF-o gibi
proinflamatuvar sitokinlerin iiretimini azalttig1 gozlenmistir [33, 34].

Otoimmiin hastaliklarin patogenezinde rol oynayan lenfosit ve makrofaj hiicrelerinde de
kannabinoitlerin  immiinomodiilatér ~aktivite gosterdigi rapor edilmistir [33].
Kannabinoitlerin bu etkilerinden dolayr otoimmiin ve inflamatuvar hastaliklarin
(Crohn’s, inflamatuvar barsak hastaligi, Multipl Skleroz, romatoid artrit vb.) tedavisinde
kullanilabilecegi belirtilmektedir [33, 35].

AAA tedavisinde Cannabis sativa

Direngli AAA hastalarinda tibbi Cannabis tedavisi ile iyilesme goriilen vaka ¢alismalari

asagida rapor edilmistir [35].
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Vaka 1

30 yasinda bir erkege 5 yasinda Tel Hashomer kriterlerine gore AAA teshisi konulmustur.
Giinde 2-3 kez, 0,5 mg kolsisin almasina ragmen her ay meydana gelen ve 3-4 giin
devam eden ates, karin agris1, ploritik gogiis agrisi ve artralji ataklar1 gézlenmistir. Giinde
2-3 kez non-steroidal antiinflamatuvar ilaglar (NSAIl) (diklofenak potasyum), acil
serviste intramiiskiiler diklofenak sodyum ve intravendz enjeksiyonlar ile tedavi
uygulanmistir [35].

Tibbi Cannabis tedavisi, IMCA (Israil Tibbi Cannabis Ajansi) tarafindan onaylanan iKi
farkli sigara seklinde uygulanmistir. Hastaya giindiiz; Ella (%60 C. sativa + %40 C.
indica; %10 THC + %2 CBD), aksam; Roma (%60 C. indica + %40 C. sativa, %20 THC
+ %4 CBD) sigaralarinin verildigi belirtilmistir [35]. Tedavinin sonunda hastanin eklem,
gbgiis ve karm agris1 azalmis, viicut sicakliginin 38°C'nin altina diismesiyle birlikte
ataklarin siddetinde ve yasam kalitesinde onemli bir iyilesme gozlenmistir. Ayda 20 g
tibbi Cannabis tiikketimi sonucunda herhangi bir yan etki gézlenmedigi, sonu¢ olarak
hastanin tedavi siirecinde sadece tibbi Cannabis tercih etmek istedigi bildirilmistir [35].
Vaka 2

23 yasinda erkek birey giinde 3-4 tablet kolsisin kullanmasina ragmen 15 yildir direngli
AAA hastasidir. Yaklasik 2 haftada bir tekrarlayan, 2-3 giin siiren ploritik goglis agrisi ve
40°C'ye kadar ates gozlenmistir. Evde oral NSAII'lar, proton pompa inhibitdrleri (PPI)
ve gerektiginde antiemetiklerle tedavi edilmistir [35]. Bobrek fonksiyonu, laboratuvar
test sonuglar ve idrar analizi normaldir, ancak ataklar sirasinda CRP diizeyi yiikselmistir.
Bunlardan dolayi, subkiitan 100 mg/giin anakinra tedavisi baslanmistir, ataklar
sirasindaki ates ve goglis agrisinda minimal azalma gézlenmistir [35]. Hasta, IMCA
ruhsati olmayan karaborsadan satin aldig: tibb1 Cannabis’in %18 THC ve %1 CBD igeren
(%70 C. indica + %30 C. sativa) sigara tiiriinii genellikle aksamlar1 ayda 20-30 gram
tilketerek kullanmaya baglamistir [35].

Tibbi Cannabis kullanimindan sonra, ataklar sirasindaki ates ve ploritik gogiis agrisinin
siddetinde Onemli bir iyilesme bildirilmistir, ataklar arasindaki siire bir aya kadar
uzamistir. Tedaviden Once, atak sirasinda 37 mg olan CRP diizeyinin 1 ay sonra 6,09 mg'a
diistiigi belirtilmistir [35].

Tibbi Cannabis tizerinde plasebo kontrollii yapilan bir diger klinik arastirmada 50 mg’lik

THC kapsiilleri ve THC nin etkili olmadig1 durumlarda analjezik etkiyi saglamak icin
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morfin siilfat tabletleri kullanilmistir. Aktif ve plasebo tabletler arasinda; antiinflamatuvar
aktiviteyi saptayabilmek icin yapilan laboratuvar testlerinde anlamli bir fark
gbzlenmemistir ve analjezik aktivite i¢in yapilan VAS (VAS: 0 = agr1 yok, 10 = asir1 agr1)
skorlarin benzer oldugu belirtilmistir [36]. Ancak plasebo tabletlerinin kullanildig:
haftada daha fazla morfin tableti tiiketilmistir, bununla birlikte THC kapsiillerinin
kullanildig1 haftalarda inflamasyon ataklar1 gozlenmedigi kayit edilmistir [36].

Sonug olarak, vaka raporlar1 incelendiginde tibbi Cannabis’in AAA ataklarinin siddeti ve
sikligimin azalmasindaki etkisinin endokannabinoid sistem (ECS) ve IL-1f iizerindeki
inhibitér etkisinden dolayr oldugu diisliniilmiis, tibbi Cannabis’in direngli AAA
olgularmi tedavi etmek igin terapdtik bir segenek olabilecegi bildirilmistir [35].
THC’nin yasal olarak kullanimi igin farmasotik preparatlarinin hazirlanarak klinik
etkilerinin arastirilmasinin gerekli oldugu belirtilmektedir [36].

Andrographis paniculata (Burm.f.) Wall.

Acanthaceae familyasindan Andrographis paniculata (Burm.f.) Wall., (Hint ekinezyasi)
Hindistan'da Ayurvedik ve Geleneksel tip sistemlerinde yeri olan 6nemli bir tibbi bitkidir
[37]. Diyabet, karaciger bozuklugu ve norodermatitte tedavi edici Ozellikleri olup
antiinflamatuvar ve antipiretik kullanimlar1 mevcuttur [38, 39]. A. paniculata tiiriiniin
antiinflamatuvar aktiviteden sorumlu bilesenlerinin yaprak ve koklerde bulunan

diterpenoit yapisindaki andrografolit (Sekil 7) ve tiirevleri oldugu diistiniilmektedir [40].

|||||||

HOW

Sekil 7 Andrografolit’in kimyasal yapisi.
Fig 7 Chemical structure of Andrografolit.
A. paniculata, farmakolojik aktivite, etki mekanizmalari, etkinlik ve giivenlilik yoniinden

kapsamli sekilde incelenmis, andrografolit ve tiirevlerinin I6kosit iiretimi ve lenf
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sisteminin aktivasyonu gibi immiin sistem fonksiyonlarini diizenledigi bildirilmistir [37].
Bitki, immiinomodiilatér fonksiyonlarindan dolay1 birgok hastaligin profilaksi ve
tedavisinde ideal bir fitoterap6tik olarak diistiniilebilecegi belirtilmektedir [37].
Andrografolit, neoandrografolit ve dehidroandrografolitin, sicanlarda bakteriyel
endotoksinler ve hemolitik Streptococcus gibi atesi indiikleyen ajanlar tarafindan olusan
atesi azalttign gosterilmistir [41]. 30, 100 ve 300 mg/kg andrografolitin rektal viicut
sicakligini azalttig1 belirtilmis, andrografolitin analjezik aktivitesi aspirine oranla
diisiikken, antipiretik aktivite incelendiginde 300 mg/kg andrografolitin ayn1 miktarda
aspirin kadar etkili oldugu bildirilmistir. Andrografolit ve tiirevleri arasinda kimyasal
kaynakli inflamasyona kars1 en belirgin antiinflamatuvar etkiyi andrografolitin gosterdigi
tespit edilmistir [37].

Andrografolitin inflamatuvar hastaliklarda, antiinflamatuvar etki mekanizmasinin NF-xB
aktivitesinin inhibisyonu iizerinden gergeklestigi, ayrica interferon-y (IFN- v) ve TNF-a
salgilanmasini artirdigi kayithdir [29, 42]. Diger bir mekanizma incelendiginde, mitojenle
aktive olan protein kinaz (MAPK) yolaklarini inhibe ederek otoimmiin artrit tedavisinde
koruyucu etkisi oldugu gosterilmistir [29]. Ayrica hem in vitro hem de in vivo ortamda
yapilan c¢alismalarda lipopolisakkarit (LPS) ile indiiklenen bagirsak hiicrelerinde
proinflamatuvar sitokin tiretimini azalttigi ve NALp3 inflamozomlarini inhibe ettigi
bildirilmektedir (Sekil 8). Bunun sonucunda, intestinal inflamasyonda etkili oldugu ve
ilag olarak kullanilabilecegi belirtilmistir [43]. A. paniculata hakkinda yapilan kontrolli
klinik arastirmalarin yaklasik %52'sinin bitki ekstresinin ve aktif bilesiklerinin viral
enfeksiyonlardaki etkilerini aragtirmak i¢in yapildig: belirtilmistir. Diger kontrollii klinik
arastirmalarin ise saglikli goniillillerde A. paniculata tedavisi, fizyolojik etkileri, semen
kalitesi, farmakokinetigi, iilseratif kolit, artrit agrisi, hipertrigliseridemi, yorgunluk, tip 2

diabetes mellitus ve AAA hakkinda yapildig1 gosterilmistir (Sekil 9) [44].
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Sekil 8 Andrografolitin antiinflamatuvar etki mekanizmasi [43]

Fig 8 Antiinflammatory mechanism of action of andrographolide [43]

A. paniculata’nin gézlenen antiinflamatuvar, antipiretik ve analjezik aktivitelerinden
dolay1 modern tipta AAA’da kullanimi mevcuttur [45] ve tiirin immiinomodiilator
fonksiyonlarindan dolay1 bir¢ok hastaligin profilaksi ve tedavisinde ideal bir fitoterapdtik

olarak degerlendirilebilecegi bildirilmektedir [37].

2\

= Enfeksiydz hastaliklar = Ulseratif kolit = Artrit Tip 2 DM
m Hipertrigliseridemi = Yorgunluk m AAA m Sperm kalitesi
= Farmakokinetik = Fizyolojik etkiler

Sekil 9 A. paniculata’nin kontrollii klinik ¢alisma yiizdeleri [44]
Fig 9 Percentage of controlled clinical studies of A. paniculata [44]
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Andrographis paniculata Nees., Eleutherococcus senticosus Maxim., Schisandra
chinensis (Turcz.) Bail., ve Glycyrrhiza glabra L. kombinasyonu

AAA’l ¢ocuklarda yapilan ¢ift kor, plasebo kontrollii klinik bir aragtirmada igeriginde
Andrographis paniculata ekstresi (50 mg), Glycyrrhiza glabra ekstresi (10 mg),
Eleutherococcus senticosus ekstresi (10 mg), Schisandra chinensis ektresi (100 mg)
iceren ImmunoGuard tabletlerinin profilaktik ve tedavi edici bir ajan olarak etkinligi
degerlendirilerek serdzit ataklarin gelismesi, siiresi, sikligi, siddeti, viicut sicaklig artisi,
karmn ve gogiis agrilari tizerine etkisi incelenmistir [46].

Tablet iceriginde, Andrographis paniculata harici yer alan diger tibbi bitkilerin biyolojik
aktiviteleri asagida incelenmistir. G. glabra L. (Fabaceae, meyan) tiiriiniin koklerinin
4000 y1ldir tibbi amaglarla kullanildig1 kayithidir [47]. Tirkiye’de analjezik, antitiissif ve
ditiretik etkilerinden dolay1 etnobotanik kullanimi kayithidir. Ayrica halk arasinda astim,
bronsit ve gastrointestinal sistem hastaliklarinda kullanildigi bildirilmistir [48, 49].
Bitkinin koklerinde glisirizin, glisirizik asit, glabridin ve liquiritin maddelerinin
bulundugu bildirilmistir [50].

Bilesimindeki glisirizin ve glisirizik asidin, COX aktivitesi, prostaglandin iiretimi,
fosfolipaz A2 aktivitesi ve trombosit agregasyonunu inhibe ederek antiinflamatuvar etki
gosterdigi, glisirizin ve glabridinin ise inflamasyon bolgesinde nétrofiller araciligiyla
reaktif oksijen tiirlerinin (ROS) olusumunu inhibe ettigi kayithidir [47]. Bu etkilere ilave
olarak immiinomodiilator, antiviral, antimikrobiyal ve antioksidan aktivitelerinin
bulundugu da gosterilmistir [50]. Araliaceae familyasindan E. senticosus Maxim. (Sibirya
Ginsengi) Tirk Farmakopesinde yer almaktadir. Farmakopede koklerinin
antiinflamatuvar, antiviral, antioksidan ve antitiimor aktivitelerinin  oldugu
belirtilmektedir [51].

E. senticosus, adaptojen bir bitki olarak sadece viicuda bazi besinsel molekiilleri
saglamakla kalmaz ayni zamanda viicudun immiin sistemini destekleyip fizyolojik,
biyokimyasal veya immiinolojik hasarin iyilestirilmesinde yardime1 rol oynar [52].
Immiinomodiilatér etkisinin yani sira tiiriin bilesimindeki -sitosterol aktif maddesinin
aspirin benzeri antiinflamatuvar ve antipiretik aktivite gosterdigi bildirilmistir [52, 53].
Antiinflamatuvar etki mekanizmasinin NF-xB aktivitesinin inhibisyonu ile gerceklestigi

belirtilmistir [54].
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S. chinensis (Turcz.) Bail. (Schisandraceae, sizandra iiziimii), tiri de Tirk
farmakopesinde yer alir ve drog olarak meyvelerinin kullanildig: belirtilmektedir [51].
Bitkinin antiinflamatuvar, antimikrobiyal, hepatoprotektif ve immiinomodiilator
etkilerinin oldugu rapor edilmistir [55-57]. Bitkinin meyvelerinden izole edilen ana etkin
madde sizandrindir [58]. Sizandrin, nitrik oksit (NO) ve prostaglandin E2 (PGE2)
salgilanmasin1 ve NF-kB aktivitesini inhibe etmekte, ayrica COX-2 ekspresyonunu
azaltmaktadir [58, 59]. Bitki ekstrelerinin antiinflamatuvar aktivitesi, inflamasyon
modellerinde incelendigine diisiik ates ve 16kosit infiltrasyonunda azalma bildirilmistir
[59].

Bahsi gecen tibbi bitki tiirlerini iceren, Isve¢ Bitkisel Enstitiisii’niin Iyi Uretim
Uygulamalari’na (GMP) uygun hazirlanmig Immunoguard tabletlerinin AAA’l1 ¢ocuk
hastalarda etkinligini arastirmak tizere tretildigi bildirilmistir. Her bir tablet, (370 mg
ImmunoGuard), 4 mg andrografolit iizerinden standardize edilmis, A. paniculata
ekstresi (50 mg), glisirizin (>0,6 mg) iizerinden standardize edilmis G. glabra ekstresi
(10 mg), eloterozit E (>0.8 mg) iizerinden standardize edilmis E. senticosus ekstresi (10
mg), sizandrin (>0.8 mg) iizerinden standardize edilmis S. chinensis ektresi (100 mg)
icermektedir [46]. Arastirmada hastalar, Grup A ve Grup B olmak iizere 2 gruba
ayrilmistir. 14 hastadan olusan Grup A’ya Immunoguard tabletleri verilirken; 10 hastadan
olusan Grup B’ye plasebo tabletleri verilmistir [46].

ImmunoGuard'in biyoaktif bileseni, antiinflamatuvar ve analjezik etkinligi gosterilmis
olan andrografolittir. ImmunoGuard'in TNF-a {iiretiminin aktivasyonu AAA hastalari
tizerindeki etkisi ile iliskilendirilebilir [42]. Andrografolite ek olarak eloterozit E,
sizandrin ile glisirizin igermektedir ve bu bilesenlerin antiinflamatuar aktivitelerinin
oldugu bilinmektedir. Bu bilesenlerin, AAA’da ImmunoGuard'in antiinflamatuvar
aktivitesine de katkisinin olabilecegi diisiiniilmektedir [46].

Aragtirma sonrasinda hastalarin 6z degerlendirmesinde Grup A’nin atak siddeti Grup
B’ye gore anlamli bir sekilde daha diisiik olup ataklarin siklig1 azalmistir. Ayrica hastalar
karm ve gdgiis agrisinin rahatladigini, ates, artrit, miyalji ve erizipel benzeri eritem gibi
semptomlarinin azaldigini ifade etmislerdir [46].

Hastalarda yapilan laboratuvar analizleri sonucunda; ImmunoGuard'in ESH ve CRP
diizeylerinin tedavi oncesine gore azaldig1 belirtilmistir. Bundan dolay1, ImmunoGuard'in

AAA’nin profilaksisi ve tedavisinde etkili oldugunun gosterildigi kayithidir [46].
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Hastalarin klinik degerlendirmesinde ataklarin siklik, siire ve siddet oranlarinin tedavi

oncesine gore azaldiginin gézlendigi bildirilmistir (Sekil 10) [46].

8
7
6
5
4
3
2
1 THE N
0
Grup A: Grup A: Grup B: Grup B:
Arastirmadan 6nce = Arastirmadan sonra Arastirmadan 6nce = Arastirmadan sonra
B Atak suresi 2.786 1.714 2.5 2.1
Atak sikligi 2 1.357 1.7 1.7
atak siddeti 2.5 1.071 2.4 2.1
Toplam skor 7.286 4.143 6.6 5.8

B Atak siresi Atak sikhg atak siddeti Toplam skor

Sekil 10 AAA’l ¢ocuk hastalarda Immunoguard (Grup A) ve plasebo (Grup B) tabletlerinin
ataklarin siiresi, siklig1 ve siddeti tizerine etkisi [46]

Fig 10 Effect of Immunoguard (Group A) and placebo (Group B) tablets on duration, frequency
and severity of attacks in pediatric patients with FMF [46]

ImmunoGuard iizerinde yapilan bir diger arastirmada, AAA hastalarinin akut atak ve
ataksiz donemlerinde kan plazmasinda NO iretimine ImmunoGuard'in etkisi
degerlendirilmis, AAA hastalarinin kanindaki NO seviyesinin ataklar sirasinda énemli
Ol¢iide azaldig1 kaydedilmistir[42]. ImmunoGuard tedavisi ile hastalarin kanindaki NO
diizeyinin ataksiz donemlerde artigi, atak donemlerinde ise IL-6 diizeylerinde azalma
gozlendigi kayithidir. ImmunoGuard'in NO ve IL-6 {lizerinde diizenleyici aktivitesi, tedavi
edilen hastalarin yasadigr ataklarin siddetindeki azalma ile iliskilendirildigi
bildirilmektedir [42].

Sonug olarak yapilan klinik arastirmalar, ImmunoGuard'in AAA’I1 hastalarin profilaksisi
ve tedavisinde etkili ve giivenli bir fitoterapotik oldugunu gostermektedir.

Bupleurum falcatum L., Pinellia ternata (Thunb.) Makino, Scutellaria baicalensis
Georgi., Zizyphus jujuba Miller, Panax ginseng C. A. Meyer., Glycyrrhiza uralensis
Fischer., Zingiber officinale Roscoe. kombinasyonu

Sho-saiko-to, Japonya'da regeteli kullanimi resmi olarak onaylanan, yedi bitki ekstresi

igeren bir bitkisel ilagtir. Bupleurum falcatum L., Panax ginseng C. A. Meyer, Scutellaria
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baicalensis Georgi. ve Glycyrrhiza uralensis Fischer. kokleri, Pinellia ternata
(Thunb.) Makino yumrulari, Ziziphus jujuba Miller. meyveleri, ve Zingiber officinale
Roscoe. rizomlar1 ile hazirlanan ekstreleri igerdigi bildirilmistir [60].B. falcatum
(Apiaceae, tavsan kulagi) tiirtiniin Turkiye’de ¢ok yillik bir bitki olarak yetistigi
belirtilmistir [61]. Konya bolgesinden toplanan B. falcatum tiirlerinin analizi yapildiginda
210,57 mg/g total fenolik madde igerdigi belirtilmistir [62]. Bitki koklerinin, Cin ve
Japonya’da uzun yillardir geleneksel ilag olarak kullanildigi belirtilmistir [63]. Bitki
koklerinin antiinflamatuvar, antipiretik, immiinomodiilatér ve antimikrobiyal etki
gosterdigi ve etkiden sorumlu bilesenlerin ugucu yaglar, flavonoitler ile saikosaponinlerin
oldugu bildirilmistir [63, 64].

Yapilan ¢alismada, bitki ekstresinin ve saikosaponinlerin, NO, IL-15, IL-6, TNF-a, ROS
tiretimini ve NF-xB aktivasyonunu inhibe ederek antiinflamatuvar etkiyi olusturduklari
kayithidir [65]. P. ginseng (Araliaceae, Ginseng), Dogu Asya'da binlerce yildir bitkisel
ilag olarak kullanilmaktadir [66]. Cin, Kore gibi uzak dogu iilkelerinde yetistirilirken
Tirkiye’de yetismedigi belirtilmistir [67]. Tirlin temel aktif bilesenleri, Saponin
yapisindaki ginsenozitlerdir [68]. Bitki koklerinin fiziksel veya psikomotor performansin
iyilestirilmesi, antikanser, antiinflamatuvar ve immiinomodiilatér aktiviteleri
bulunmaktadir [69]. Adaptojenik etkisinden dolay1 bitkisel preparatlarin igeriginde
bulundugu bildirilmistir [70].

Etki mekanizmasi incelendiginde ginsenozitlerin COX-2, NALp3 ve NF-«B aktivitesini
inhibe ettigi, ayrica IL-1f ile TNF-a iiretimini azalttig1 belirtilmistir [71]. Ayrica bitkinin
polisakkarit bileseni ginsanin NF-kB aktivitesini inhibe ederek immiinomodiilator
aktivite gosterdigi bildirilmistir [72]. P. ternata (Araceae, karga kepgesi), Cin’de
geleneksel olarak yaygin kullanilan tibbi bitkilerdendir [73]. Bitkinin yumrulari analiz
edildiginde ¢ok sayida alkaloit, yag asitleri ve tiirevlerini icerdigi, farmakolojik
caligmalarda ise antifungal ve antiinflamatuvar aktivitelerinin oldugu bildirilmistir [73,
74]. S. baicalensis (Lamiaceae, ¢in takkesi), biyolojik ve farmakolojik etkilerinden dolay1
Cin'de uzun siiredir kullanilmaktadir. Igeriginde antibakteriyel aktiviteden sorumlu ugucu
yaglar bulunmaktadir. Ayrica antiviral, hepatoprotektif ve immiinomodiilator etkilerinin
bulundugu gosterilmistir [75].

Z. jujuba (Rhamnaceae, hiinnap), Tiirkiye’de Bati ve Giliney Anadolu’da kiiltiirleri

yapilmaktadir. Ancak, Z. jujuba hakkinda iilkemizde yeterli sayida farmakolojik ¢alisma
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olmadigi i¢in ilag kaynagi olarak kullanilmadig belirtilmistir. Cin’de ise 7000 y1ldir tibbi
amagl kullanilmak i¢in yetistirilmektedir [76]. Bitkinin her kisminda yaygin olarak
betulinik asit bulunmakta olup anitinflamatuvar ve antibakteriyel aktiviteden sorumludur
[77]. Meyvelerinde ise ¢ok sayida flavonoit bulunmaktadir [77, 78]. Meyvelerinin
antiinflamatuvar, antimikrobiyal ve immiinomodiilator aktivitelere sahip oldugu
belirtilmistir [76]. Yapilan ¢alismada, bitkinin NF-kB aktivasyonunu inhibe ederek ve
makrofajlarda inflamatuvar sitokin seviyelerini azaltarak antiinflamatuvar aktivite
gosterdigi bildirilmistir [79].

Z. officinale (Zingiberaceae, zencefil), Tiirkiye’de tibbi amagh yaygin olarak kullanilsa
da Tirkiye florasinda bulunmamaktadir. Bundan dolay1, bitki rizomlarinin baska
iilkelerden ithal edildigi belirtilmistir. ithal edilen droglar analiz edilip Avrupa ve Tiirk
farmakopesiyle karsilastirildiginda droglarin %60’ min tibbi kullanima uygun olmadig:
belirtilmistir [80].

Z. officinale, Cin ve Ayurvedik bitkisel ilaglarinda ise yaygin olarak kullanilan tibbi
bitkilerdendir. Zencefil, ana bilesen olarak zingiberen, kurkumen, zingiberol vb.
icermektedir [81, 82]. icerigindeki etkin maddelerin analjezik ve antiinflamatuvar
aktiviteleri vardir, artrit tedavisinde etkilidir [82]. G. uralensis (Fabaceae, Cin meyani),
en eski bitkisel ilaglardan olup yaklagik 3000 yildir kullanildigi gosterilmistir [83].
Bitkiden izole edilmis izoliquiritigeninin NO tiiretimini azalttigi ve NF-xB aktivasyonunu
inhibe ederek IL-6 salgilanmasini azalttigi belirtilmistir [84]. 7,5 g Sho-saiko-to
numunesi 4,5 g Sho-saiko-to’nun kurutulmus ekstresini (inflizyon yontemi ile
hazirlanmis) igerir. 7,5 g numunede bulunan bitkilerin miktar1 ve etkin maddelerin
yaklagik konsantrasyonlar1 Tablo 1’de gosterilmistir [85].

Sho-Saiko-To’nun etki mekanizmasi heniiz belirlenmemistir, ancak inflamatuvar ve
immiin reaksiyonlarla ilgili farmakolojik etkilerinin oldugu bilinmektedir. Japonya'da
kronik hepatit ve karaciger sirozu olan hastalarda yaygin olarak kullanilmaktadir. Kronik
viral hepatitli hastalarda IL-1/ ve IL-6 iiretimi diisiikken Sho-Saiko-To verildikten sonra
sitokin tretiminin arttigi bildirilmistir [86]. Sho-Saiko-to ilacinin AAA ataklarinin
profilaksisinde etkinligi arastirilmak {izere vaka calismasi yapilmistir. Vaka 3 yasindan
itibaren tekrarlayan ates ataklari1 olan 6 yasinda bir Japon erkek cocugu ile ilgilidir.
Ataklar sirasinda CRP seviyesi artisiyla olusan periyodik ates ve 16kositoz gézlenmistir.

Hastanin klinik bulgular1 degerlendirildiginde AAA diisiiniiliip ailede MEFV geninin
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mutasyon analizi yapilmistir ve sonucunda hastaya AAA teshisi konulmustur [87].
Tablo 1 7,5 g Sho Saiko-To Bilesimi [85]
Table 1 Composition of 7.5 g Sho Saiko-To [85]

Bitkisel icerik Miktar (g) Etkin madde Konsantrasyon
Radix Bupleuri (Bupleurum falcatum)
7,0 aikosaponin 100 mcg/mL;
b, ba, ¢, d %0,2
Pinellia tuber (Pinellia ternata) 5,0 Efedrin
Radix Scutellaria (Scutellaria baicalensis) 3,0 Baikalin 1,75 mg/mL;
%3,5
Baikalein 150 mcg/mL;
%0,3
Wogonin 20 meg/mL;
90,04
Viscidulin 111 50 mecg/mL;
%<0,1
Fructus Jujubae (Zizyphus jujuba) 3,0 Siklik AMP (CAMP)
Radix Ginseng (Panax ginseng)
3,0 Ginsenozit Rbl %0,2
Ginsenozit Rgl %0,2
Liquiritiae radix (Glycyrrhiza uralensis)
2,0 Glisirizin Liquritin 500 mcg/mL,;
%1
Zingiberis rhizoma (Zingiberis officinale) 1,0 6-Gingerol

6-Shogaol Zingeron

Hastaya 5 g/giin Sho-Saiko-to tedavisi 36 ay uygulanmistir. Tedavi boyunca hastada
AAA ataklarinin gézlenmedigi ve CRP ile 16kosit diizeyinin azaldigi belirtilmistir [86].
Sonug olarak, Sho-Saiko-to’nun AAA ataklarinin onlenmesinde etkili olabilecegi ve
tedavide rutin kullanimini belirlemek i¢in daha fazla klinik ¢alismanin gerekli oldugu

bildirilmistir [86, 87].
Tartisma

AAA gibi nadir otoinflamatuvar hastaliklarda karsilasilan yiiksek diizeydeki rekiirrent ve
sistemik enflamasyonun tedavisinde baslica antiinflamatuvar ilaclar ve immiinsiipresif
ajanlar kullanilmaktadir. Tibbi bitkiler ve dogal iiriinler kronik hastaliklarin tedavisinde
tarihin eski donemlerinden beri kullanilmaktadir [88,89]. Geleneksel bitkisel tibbin
“coklu hedef” 6zelligi, inflamatuvar hastaliklarin tedavisinde 6zel bir avantaja sahiptir.
Tibbi bitkiler, NF-kB, TNF-q, indiiklenebilir nitrik oksit sentaz (iNOS) ve COX-2'nin

yan1 sira hiicreler arast adhezyon molekiilleri de dahil olmak tizere inflamasyon
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yolaklarini ve bu hastaliklarin patojenezinde kritik bir rol oynadigi diisiiniilen IL-15 gibi
proinflamatuvar sitokinlerin aktivasyonunda yer alan NALp3 inflamazomunu inhibe
ederek antiinflamatuvar etki gosterdikleri kayithidir [79, 88].

Spesifik bitkisel ilaglarin veya bitki sekonder metabolitlerinin inflamatuvar hastaliklarda
kullaniminda, atak semptomlar: ile patolojik hasari azaltabilir ve konvansiyonel ilag
tedavileri ile kombinasyonunda sinerjik etkiler gozlenebilecegi belirtilmistir [90].
Andrographis paniculata, Cannabis sativa, Panax ginseng ve Glycyrrhiza glabra gibi
tibbi bitkilerin, AAA tedavisinde etkili-giivenli kabul edilen kolsisinin NALp3
inflamozomunu ve NF-kB aktivitesini inhibe eden etki mekanizmasma benzer
mekanizmalar tizerinden antiinflamatuvar aktivite gosterdikleri kayitlidir [33, 43, 72].
Omnek olarak, Andrographis paniculata’dan elde edilen andrografolit, Cannabis
sativa’dan elde edilen THC ve CBD ve Panax ginseng’den elde edilen ginsenozitler,
NALp3 inflamozomunun aktivasyonunu inhibe ederek antiinflamatuvar etki gosterdigi
belirtilmistir [33, 43 72]. Bupleurum falcatum’dan elde edile saikosaponinler;
Eleutherococcus senticosus’tan eloterozit E [54]; Glycyrrhiza glabra 'dan likoflavononlar
[91]; Glycyrrhiza uralensis ‘den izoliquiritigenin [84]; Pinellia ternata’dan lectin [92];
Schisandra chinensis’ten sizandrin [58, 59]; Scutelleria baicalensis’ten baikalin [93];
Zingiber officinale’den gingerol ve shogaol [94]; Ziziphus jujubae’dan flavonoitler, NF-
kB aktivitesini inhibe ederek antiinflamatuvar etki gosterdigi belirtilmistir [79].

Ek olarak, bazi gidalarin inflamasyon ve endotel disfonksiyonun artis1 ile iliskili oldugu,
belirli makro ve mikro besinlerin eksikligi veya fazlaliinin immiin sistem
fonksiyonlarmi biiylik 6lclide etkileyerek kronik inflamatuvar hastaliklarin gelisme
riskini artirdigi belirtilmekte, anti-inflamatuvar/pro-inflamatuvar orani yiiksek tibbi
bitkilerce zenginlestirilmis kapsamli bir beslenme programinin da AAA akut ataklarinin
kontroliinde 6nemli bir rol oynayabilecegi kaydedilmektedir. Ayrica antiinflamatuar
etkili takviyelerin ve antioksidanlar agisindan zengin bir diyetin AAA semptomlarim
azaltip hastanin yasam kalitesini artirdigi bildirilmektedir [95]. AAA nin birinci basamak
tedavisinde giincel olarak kullanilan kolsisin ciddi yan etkilere neden olmaktadir,
terapotik araligr diistiktiir ve baz1 vakalarda tedaviye direng ve intolerans gézlenmektedir
[10, 16].

Bu c¢alismada AAA’da kullanilan potansiyel tibbi bitkiler veya kombinasyonlari

degerlendirilmis, Cannabis sativa L., Andrographis paniculata Nees. ve diger bitki
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kombinasyonlarinin sinirli bir hasta grubunda yapilan c¢alismalarinda; antiinflamatuvar

ve immiinomodiilatdr etkilerinden dolay1 atak siddetini azaltmada etkili oldugu

gozlenmistir [35, 36, 45]. Tibbi bitkilerin otoinflamatuvar hastaliklardaki etkinligini

anlamak i¢in daha fazla klinik caligmaya ihtiyag¢ vardir. Diger bitkilerin veya bitki

kombinasyonlarinin AAA tedavisinde terapotik olarak kullanimi i¢in daha fazla klinik

calisma gerceklestirilmelidir.
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