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ABSTRACT Biochemistry

The research was conducted to separately evaluate and detect the

possible in wvitro antioxidant, antimicrobial activity of ethanol Research Article

extracts prepared from aerial parts and roots of Astragalus dumanii

and anti-cholinesterase and a-glucosidase inhibitory activity from Article History

only aerial parts of its The antioxidant capacity was tested by Received 112.03.2021
scavenging of DPPH and ABTS free radicals. Compared with the Accepted $19.11.2021
standard antioxidant compound gallic acid; Root and aerial part

extract showed lower DPPH radical scavenging activity, however Keywords

aerial part extract demonstrated higher ABTS radical scavenging Astragalus dumanii
activity. The phenolic contents were detected as 5.31 = 0.03 and Antioxidant

13.23 = 0.05 mg gallic acid equivalent g1 extract, flavonoid contents Antidiabetic

were found as 8.26 + 0.004 and 7.93 = 0.005 mg Qercetin equivalent Acetylcholinesterase;

gl extract. In addition, the effects of the extracts obtained from Butyrylcholinesterase

aerial parts of  the plant on acetylcholinesterase,
butyrylcholinesterase and a-glycosidase enzymes were investigated
in vitro and ICso values were obtained as 1.47, 0.83 and 0.48 ug mL1,
respectively. When these values were compared with standard
substances, it was seen that Astragalus dumanii could be a good
enzyme inhibitory agent. Antimicrobial activity of the plant extracts
were determined using the microdilution method and the extracts
was not observed to have any antimicrobial activities..

Sivas da Yetigen Endemik Bir Bitki Olan Astragalus Dumaniinin Antikolinerjik, Antidiyabetik ve
Antioksidan Aktivitesinin Degerlendirilmesi

OZET Biyokimya
Aragtirma, Astragalus dumanii Dbitkisinin toprakiisti ve

koklerinden hazirlanan etanol ekstrelerinin olasi in wvitro Aragtirma Makalesi
antioksidan, antimikrobiyal ve yalmizca toprakistii etanol

ekstrelerinin anti-kolinesteraz ve a-glikozidaz inhibitér aktivitesini Makale Tarihgesi

ayr1 ayr1 degerlendirmek ve tespit etmek i¢in yapilmigtir. Gelig Tarithi  :12.03.2021
Antioksidan kapasitesi, DPPH ve ABTS serbest radikalleri Kabul Tarthi :19.112021
temizleme metoduyla test edildi. Standart antioksidan bilesik gallik

asit ile karsilastinildiginda; Kok ve toprak istii kisim ekstreleri Anahtar Kelimeler

disik DPPH radikal stpiiriici aktivite gosterirken, toprak isti Astragalus dumanii
kismi daha yiksek ABTS radikal stuptrici aktivite gostermistir. Antioksidan

Fenolik igerikleri 5,31 = 0,03 ve 13,23 + 0,05 mg gallik asite esdeger Antidiyabetik

gl ekstre, flavonoit igerikleri ise 8,26 = 0,004 ve 7,93 £ 0,005 mg Asetilkolinesteraz
kersetine esdeger gl oziit olarak bulunmustur. Ayrica bitkinin Butirilkolinesteraz
toprak Usti kisumlarindan elde edilen ekstrelerin asetilkolinesteraz,

butirilkolinesteraz ve a-glikosidaz enzimlerine etkisi in vitro

arastirildi ve sirasiyla ICso degerleri: 1.47, 0.83 ve 0.48 ug mL! elde
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edildi. Bu degerler stadart maddelerle karsilagtirildiginda da
Astragalus dumaniihin iyi bir enzim inhibe edici ajan olabilecegi

gorilmusgtur. Bitki ekstrelerinin
mikrodiliisyon yo6ntemi kullanilarak belirlendi
herhangi bir antimikrobiyal aktivite gozlemlenmedi.

antimikrobiyal
ve ekstrelerde

aktiviteleri

Atif Sekli:

Kogcyigit, U.M.,, Eruygur,N., Atas,M., Tekin,M., Taslimi,P., Gékalp,F.,Giilcin,I.,2022. Endemik Bir Bitki Olan

Astragalus dumanii'nin Antikolinerjik, Antidiyabetik ve Antioksidan Aktivitesinin Degerlendirilmesi . KSU
Tarim ve Doga Derg 25 (Ek Say1 1): 1-10. https://doi.org/10.18016/ksutarimdoga.vi. 895616*
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Agric Nat 25 (Suppl 1): 1-10. https://doi.org/10.18016/ksutarimdoga.vi.895616*

INTRODUCTION BW284C51 (Garibov et al., 2016). BChE is within the

Plants have been used from ancient times for
maintaining good health and to cure various
ailments. The genus Astragalus (Leguminosae) is
represented by 2500 taxa and widely distributed in
the world. It is also among the largest genus in
Turkey, known as ‘geven’ in Turkish language and
represented by 439 species in 61 sections
(Chamberlain and Malthews, 1970; Ekici and
Aytac,2001). The genus is best represented in the
steppe areas in the Irano-Turanian phytogeographic
region of Turkey. The flowering plant of Astragalus
genus, common name "milkvetches" or "locoweed"
("loco" is Spanish for crazy), was well known to
western European botanists of the 17th century
(Pistelli, 2002). The roots of Astragalus sp. have been
shown to contain different types of secondary
metabolites such as triterpene saponins,
izoflavonoids, polysaccharides, amino acids, and trace
elements (Juan et al., 2014; Jia et al., 2016; Zhang et
al., 2016). Various biological activities have so far
been reported on Astragalus species. The roots of
Astragalus membranaceus, a well-known species,
included in the official drug list of Traditional
Chinese Pharmacopeia and prescribed mainly as tonic
and for treatment of nephritis and diabetes (Pistelli,
2002). The compounds of this genus are used in the
treatment of many diseases (Gokalp; 2020; 2021).

In vertebrates, the enzymes hydrolyse acetylcholine
(ACh) exist in two diverse forms. Acetylcholinesterase
enzyme (EC 3.1.1.7; AChE) terminates ACh activity
at the post-synaptic membrane in the neuromuscular
linkage (Aksu et al., 2016; Taslimi et al., 2017;
Kocyigit et al.,, 2017). The other key enzyme
hydrolyses ACh is in multitude in comparison to other
esters but has no recorded physiological function. It is
called nonspecific cholinesterase, cholinesterase (EC
3.1.1.8), butyrylcholinesterase, and
pseudocholinesterase. In this study, it is called
butyrylcholinesterase (BChE), while cholinesterases
refer to both BChE and AChE. In vertebrate cells,
both enzymes have key roles and they are inhibited
by 10-5 with Meserine, a property which
distinguishes them from nonspecific esterases. BChE
and AChE enzymes can be specifically inhibited by
N,N'-di-isopropylphosphorodiamidic anhydride and

scope of attention of pharmacologists, because of the
role of the enzyme in the succinylcholine hydrolysis
(SCh), having a potential to have an a short-acting
blocking on the ACh receptor. For specific patient
groups, slow SCh hydrolyzation might result in
prolonged apnea, possibly related to a genetic
alteration in the BChE (Taslimi et al., 2017). It is not
clear whether AChE enzyme within such locations as
the membrane of red blood cell, early myotendinous
bond, and migrating neurocrest cells plays a vital role
(Caglayan et al., 2019; Erdemir et al., 2019; Yamali et
al.,, 2020). It has been reported that in embryonic
extension, a successive or organizing pattern of AChE
and BChE gives rise to the suggestion of BChE
functioning as an embryonic AChE (Caglayan et al.,
2019; Taslimi et al., 2019). Protein sequencing, as
well as the newly recorded cDNA clones and
determined amino acid sequences for both enzymes
allow a better evaluation of BChE and AChE (Sujayev
et al.,2016; Topal et al., 2016; Oztaskin et al., 2017).

About 3-7% of the aggregate population of all
humans can be categorized within the group of the
people diagnosed with diabetes mellitus (DM), as the
leading endocrine disease, leading to mortality and
morbidity (Demir et al., 2019). Through the action of
pancreatic a—amylase, it is possible to hydrolyze and
absorb starch molecule as glucose in the small
intestine by a—glucosidase enzymes (Taslimi et al.,
2018; Demir et al., 2018). In addition to its utilization
of multiple methods, a-glucosidase inhibitors (AGIs)
can be grouped into the possible methods in
treatment (Paslimi et al., 2017; Demir et al., 2020).
The dietary carbohydrates as sucrose and maltose
are taken by certain traits of a-glucosidases viz.
sucrase, maltase, isomaltase, and glucoamylase
existing within the intestines. As a result, inhibitory
process by such enzymes has the potential to reduce
the postprandial hyperglycemia and thus may be
among the vital approaches in the treatment of DMs
(Tirker et al., 2017; Taslimi et al., 2018). The AGIs
were extracted from the natural sources as microbes,
nutrients, and plants (Choi et al., 2005; Inyushkina et
al., 2007; Noh et al.,2011; Kanget al., 2012). In this
study, the aim was to characterize the antioxidant
and antimicrobial activities of ethanol extracts
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prepared from aerial parts and roots of Astragalus
dumanii and anti-cholinesterase and a-glucosidase
inhibitory activity of only aerial part extracts of its.

MATERIALS and METHODS
Plant material and extraction

Aerial parts and roots of Astragalus dumanii
(Fabaceae) were collected from Turkey: B6 square,
Sivas-Kangal-Glriin road inter-section, 1560 m,
39°0753.1” N; 37°14’32.9” E, and identified by Dr.
Mehmet Tekin, Trakya University, Edirne. Dried
specimens were deposited at the herbarium of Faculty
of Science, Cumhuriyet University, under the
collector number M. Tekin, 1494. The aerial parts and
roots of A. dumanii were air dried at room
temperature with shade and grounded with
laboratory type grinder. 100g of powdered plant
material (aerial parts and roots separately)
macerated with aqueous ethanol (80: 20, v/v) for one
day and filtered through filter paper. The filtrate was
evaporated in vacuum (via Buchi rotary evaporator R-
100). Ethanolic extract from aerial parts and roots
afforded the yield of 28.15% and 16.18% (w/w),
respectively. The resulting product was kept at -20°C.

Antioxidant activity

Radical scavenging activity

The scavenging potential of ethanol extracts for 1,1-
diphenyl-2-picryl-hydrazil (DPPH) radicals was
determined by means of the altered approach
developed by Sannigrahi et al (2010). 3 mL of test
samples in various concentrations were blended with
1mL of 0.1mM DPPH solution in MeOH. The mixture
was incubated at 25°C. The absorbing status was

determined at 517 nm utilizing a UV-VIS
spectrophotometer after 30 min. The radical
scavenging activity was determined through

decreasing absorbance rate by the equation below:
% Scavenging activity = (Ac-As)/Ac x 100,

where As is the sample absorbing value, and Ac is the
control absorbing value (without extract)

ABTS [2,2-azino-bis (3-ethylbenzothiazoline-6-
sulphonic acid)] radical cation scavenging potential

In measurement of radical scavenging potential of the
ABTS cation, the specific method was utilized (Re et
al., 1999). Interacting 7 mM ABTS solution with 2.45
mM potassium persulfate, subsequently keeping the
mixture at 25°C for 12-16 h in dark, ABTS radical
cation was attained. As a preliminary step of the
assay, ABTS working solution was attained by
diluting the stock ABTS solution with methanol to
give the absorbance of 0.700 + 0.02 at 734 nm. 1mL of
sample solution was blended with 1 mL of ABTS
working solution. The absorbing capacity of resulting
compost was ascertained at 734 nm following 7 min

incubation period at room temperature. The results
were expressed as ICso.

Total phenolic content (TPC)

In line with the procedure described by Adedapo et
al., 2008, TPC was detected with the Folin- Ciocalteu
(F-C) approach. 1mL of test solutions with different
concentrations and 4 mL of 7.5% Na2COs solution,
and 5mL of 10% Folin- Ciocalteu reagent were mixed.
After vortexing, the mixture was allowed to stand for
2h for color development. Then the absorbing capacity
was evaluated at 760 nm with UV-VIS
spectrophotometer. Expression of total phenolic
content was determined as mg gallic acid equivalent
per gram of extract.

Total flavonoid content (TFC)

TFC of the extracts was detected with aluminum
chloride colorimetric method descried by Erygur et al.
(Eruygur et al., 2017) with some modifications. On to
the 0.5 mL of test sample (2 mg mL! in methanol) in
test tubes, 4.3 mL of 80% ethanol, 0.1 mL of 1 M
sodium acetate, and 0.1 mL of 10% aluminum
chloride (w/v) were added. Following a 30min period
left for incubating at 25°C, the absorbing capacity was
detected at 415 nm in comparison to the curve
ofquercetin. The TFC was determined in mg of
quercetin equivalents (QE) per gram of extract.

Antimicrobial activity

The minimum inhibitory concentration (MIC) of A.
dumanii aerial parts and roots were determined using
the broth microdilution method in 96-well microtiter
plates (Eloff, 1998). The bacterial and yeast test
strains used in this study were Hscherichia coli
(ATCC 25922), Staphylococcus aureus (ATCC 29213),
Streptococcus pyogenes (ATCC 19615), Klebsiella
pneumonia (ATCC 13883), Pseudomonas aeruginosa
(ATCC 27853), Enterococcus faecalis (ATCC 29212),
Candida albicans (ATCC 10231) and Candida
tropicalis (DSM 11953) (Eruygur et al., 2017).
Mueller-Hinton broth (Accumix®AM1072) was used
as a culture media for bacteria and Sabouraud
Dextrose Broth (Himedia MEO033) was used for
Candida spp. (CLSI, 2002, CLSI, 2012).

The extracts were dissolved in the broth (512 mg mL-
1). 100 pL of the extract including broth was added to
the first row of the microtiter plates. 50 pL of media
was added the remaining wells and serial two-fold
dilutions were prepared. The 11th wells were used as
the reproductive controls and 100 pL broth was
added. The concentration of the extract in the wells
was ranging from 256 to 0.5 mg mL1. The bacteria
and fungi suspensions (50pL) were added to prepared
samples. The final inoculum size was 5x10> CFU/mL
in the bacteria wells and 0.5-2.5x103 CFU/mL in the
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Candida sp. wells (CLSI, 2002, CLSI, 2012). The
incubation of plates took place at 37°C for 24h for
bacteria and at 30°C for yeasts. Then 2 mg mL1 of 2,
3, 5-Triphenyltetrazolium chloride (TTC) sterile
solution was blended and further incubated at 37°C
for 1h (Eloff, 1998). The presence of a red pellet
located at the well bottom with formation of formazan
indicated microbial growth.

AChE/BChE activity determination

The inhibition potential of aerial parts extracts of A.
dumanii on AChE/BChE were determined conforming
to spectrophotometric method of Ellman et al.(Ellman
et al, 1961). For substrates for the reactions
mentioned above, acetylthiocholine and
butyrylthiocholine iodides (AChI/BChI) were utilized.
Namely, after dissolving through deionized water at
different concentrations, 750 uL of solution, 50 uL
BChE/AChE (5.32 x 103 U) solution and 100 pL of
Tris/HC1 buffer (1 M, pH 8.0) were mixed and
incubated for 8 min at 20 °C. Then, 50 uL of DTNB
(0.5 mM) was added to the solution. For the activities
of AChE/BChE, 5,5-Dithio-bis(2-nitro-benzoic) acid
(DTNB) acted as the measurement criteria. Addition
of 50 pL of BChI/AChI initiated the reaction
(Giacobini, 2003). The spectrophotometric monitoring
of BChI/AChI substrates hydrolysis indicated that
maximum absorption took place at 412 nm
wavelength (Silman and Sussman, 2005).

a-glucosidase inhibition assay

In line with the procedure of Tao et al. (Tao et al.,
2013) using p-nitrophenyl-D-glycopyranoside (pNPG)
as the substrate, a-Glycosidase inhibiting potential
for aerial parts extracts of A. dumanii was performed.
10 mg dissolved in 10 ml (EtOH:H:0) was the
procedure for sample preparation. As the preliminary
step, in phosphate buffer (0.15 U mL?, pH 7.4) and
10-100 pL of the sample, 100 uL of phosphate buffer
was blended with 20 pL of the enzyme solution.

Multiple solutions in phosphate buffer were prepared
in order to attain a complete inhibitory effect. Then, it
was pre-incubated at 35 °C for 12 min prior to the
addition of the p-NPG to initiate reaction. 50 uL of p-
NPG in phosphate buffer (5 mM, pH 7.4) was added
after preincubation and re-incubated at 37 °C. The
absorbing capacities were spectrophotometrically
measured at 405 nm. The ICs0 amount was calculated
from activity (%) versus plant concentration plots
(Demir, 2019;, Demir, 2020).

Statistical analysis

The data were analysed by using MS Excel 2007 and
presented as mean+SD of three replicates. One-way
analysis of variance (ANOVA) and Tukey tests were
performed by using SPSS ((Version 20.0, SPSS
Inc.,Chicago, IL, USA) to determine significant group
differences and means were considered as statistically
significant if p <0.05.

RESULTS and DISCUSSION
Antioxidant activity

The present research focuses on finding naturally
occurring natural antioxidants from plant origin. The
results of different antioxidant assays on A. dumanii
were showed in Table 1. Both of the radical
scavenging activity was assessed by measuring the
reduction in their absorbance at 734 nm for ABTS
and 517 nm for DPPH. The DPPH radical are soluble
in methanol while the ABTS is water soluble radical.
As seen from the data given in Table 1, ICso values for
ABTS are lower than DPPH. It can be explained that
the antioxidants present in the extract are relatively
polar compounds (Soare et al., 2007). ICso value for
DPPH radical scavenging activity of ethanol extract
from root (1008.88 pg mL1) was higher than aerial
part (1398.08 ug mL1). On the other hand, ABTS
radical scavenging activity of aerial part extract (1.18
ng mL1) higher than root extract (82.25 pg mL1).

Table 1. Radical scavenging activity (ICs0in pg ml1), total phenol and flavonoid content of ethanol extracts from
aerial parts and roots of A. dumanii (values are given as mean = SD of 3 measurements)

Tablo 1. A. dumanii'nin (sultan geveni) toprakiistii ve kéklerinden elde edilen etanol ekstrelerinin radikal
stiptirme aktivitesi (ICs50 ug ml! cinsinden), toplam fenol ve flavonoit icerigi (degerler 3 dlgiimiin
ortalama + standard sapma (SD) olarak verilmistir)

Radical scavenging activities

Total phenolic content Total flavonoid

DPPH assay ABTS assay (mg GAE/g) content (mg QE/g)
Foot ethanol extract 1008.88 + 0.042  82.25 + 0.01» 5.31+0.03 8.26 + 0.004
Aerial part ethanol extract  1398.08 + 0.03»  1.18 + 0.002P 13.23 £ 0.05 7.93 + 0.005

Gallic acid 5.59 £ 0.06¢

56.01 + 0.0043b

Different letters in the same column were significantly different (p < 0.05).

Based on these results, it was suggested that the root
of A. dumanii has a potential candidate for polar
radical scavenger. Lim et al. reported that A. sinicus
aceton extract showed strong DPPH radical

scavenging activity than other extracts, showed 95.1%
scavenging activity at 10 mg mL concentration (Lim
et al., 2011). Asgarpanah reported that the ICso value
of DPPH radical scavenging activity of methanol
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extract from A. squarrosus is 1220 pg mls
1(Asgarpanah et al., 2011). These results are in
consistent with the results obtained in this study.

Phytochemical analysis revealed the presence of
volatile oils, phenolic, flavonoids, sterols, and tannins
in methanol extracts of Astragalus species. Plant
phenolic constituents exhibit important biological
activities. Phenolic compounds and flavonoids are
known as potential antioxidants for their scavenging
free radicals and chelating metal ions in the biological
reaction chain. (Demir et al., 2017, Ozaslan et al.,
2018). Phenolics and flavonoids concentration in the
extract are indicated as mg of gallic acid and mg of
quercetin per g of extracts, respectively. The higher

concentrations of polyphenolics were found in extract
of aerial parts (13.23 = 0.05 mg GAE g than roots
(5.31 + 0.03 mg GAE g1), whereas the content of
flavonoids are higher in the roots (8.26 + 0.004 mg QE
g'1) than aerial parts (7.93 £ 0.005 mg QE g'1) and it is
probably responsible for their free radical scavenging
activity.

Antimicrobial activity

The antimicrobial activities against five bacteria and
two yeast of the raw aqueous ethanol extract
prepared from aerial parts and roots of A. dumanii
were detected using the microdilution technique at
the concentration range 32 to 256 mg mL (Table 2).

Table 2. Antimicrobial activities of A. dumanii aerial parts and root extracts (MIC values, mg mL1)
Tablo 2. A. dumanii toprak tistii ve kék ekstrelerinin antimikrobiyal aktiviteleri (MIC degerleri, mg mL)

E. coli S. aureus S. K P. E. faecalis | C. albicans C.
pyogenes pneumoniae aeruginosa tropicalis
A. dumanii 256 32 128 256 128 32 32 256
aerial part
extract
A. dumanii 256 128 256 256 256 64 64 256
root extract
According to Holetz et al. (2002) if the extracts benefited in traditional medicinal practices for

displayed an MIC less than 100 pg mL?, the
antimicrobial activity is good; from 100 to 500 ug mL1!
the antimicrobial activity is moderate; from 500 to
1000 pg mL! the antimicrobial activity is weak; over
1000 pg/ml the extract is considered inactive.

According to these criteria, the raw aqueous ethanol
extracts of A. dumanii not showed antimicrobial
activities on tested microorganisms.

Enzyme inhibition studies of the extract

Alzheimer (AD) is characterized as an advanced,
neurodegenerative disease predominantly inflicting
the people over 60 years of age and it is estimated to
responsible for 50-60% of cases of dementia in
humans within and above this age limit. The
important symptoms associated with the later phases
of AD involve cognitive dysfunction, primarily
memory loss (Tiirkes et al., 2019; Giindoggdu et al.,
2019). In the brain of mammals, two main forms of
ChEs exist, that is, AChE and BChE. Among the
considerable biochemical changes in AD patients,
diminution of ACh amounts in the cortex and
hippocampus of the brain is the most noticeable (Isik
et al, 2019). Thus, inhibition of AChE enzyme,
hydrolyzing ACh at the cholinergic synapse is
presently the most accepted approach to treatment of
AD (Isik, 2019; Topal, 2019). The important side
effects caused by licensed drugs utilized in treatment
of AD have forced researchers to consider extracting
safer BChE or AChE inhibitors from natural sources.
Various plants and their constituents have long been

improving cognitive function and alleviating other
symptoms of AD, including depression (Oztagkin et
al., 2015;Istrefi et al., 2020).

It is very important to discover new inhibitors that
have less side effects than currently wused
cholinesterase inhibitor drugs, are cheaper and easily
obtainable. Therefore, the discovery of new inhibitors
is one aspect of this study. The effect of A. dumanii
aerial parts extracts on enzyme activities was
investigated spectrophotometrically under in vitro
conditions and the results were compared with
standard substances.

Aerial parts extracts of A.dumanii plant effectively
resulted in the inhibition of AChE and BchE (Figure
1. and Table 3). TAC (9-amino-1,2,3,4-
tetrahydroacridine) reversibly inhibits of BChE and
AChE and it can be categorized as the first drug to be
recommended for the placative treatment of AD. ICso
values for these enzymes were obtained 1.47 pg mlL!
(r2: 0.990) for AChE and 0.83 pg mL*  (r2:0.982)
for BChE. Moreover, Tacrine (TAC) was used as
positive standard BChE and AChE inhibitor with ICso
values 19.11 pg mL* (r2:0.981) and 12.36 pg mL?!
(r2 : 0.958) , respectively. These results showed us
Aerial parts extracts of A.dumanii is a potential
cholinesterase inhibitor.

Due to their modulatory physiological effects in the
cure and prevention of obesity and diabetes,
functional food profiles and plant-based medicines
propelling a new surge of interest. Accordingly, the
highly beneficial and attractive purposes as in vitro
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inhibition of enzymes a-amylase and a-glucosidase
are presently under wide scrutiny (Burmaoglu et al.,
2019). Reports considering the safety and efficiency of
natural nutritious supplements and specific herbs
which have long been used for treating diabetic
disease in traditional medicine and both academic

In the current study, it was also studied inhibition
effect of extract of A.dumanii on a-glycosidase. ICso
value was found 0.48 pg mL?! (2 : 0.972) for a-
glycosidase. The results demonstrate that Aerial
parts extracts of A.dumanii inhibited a-glucosidase
more effectively than acarbose, which had ICso values

and public interest in such reports have been of 22.80 (r2:0.985)) pg mL1 for a-glucosidase.
accumulating (Gondolova et al., 2018).
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Figure 1. The ICj, graphs of aerial parts extracts of A. dumanii against A) AChE, B) BChE, C) a-glucosidase

enzymes

Sekil 1. A. dumanii'nin (sultan geveni) toprak iistii kisim ekstresinin A) AChE, B) BChE, C) a-glukosidaz

enzimlerine karsi 1Cso grafikleri

Table 3. The enzyme inhibition results of aerial parts extracts of A. dumanii against AChE, BChE, and a-

glycosidase enzymes.

Tablo 3. A. dumanii'nin (sultan geveni) toprak iistii kisim ekstrelerinin AChE, BChE ve a-glukosidaz enzimlerine

karsi enzim inhibisyon sonuglari

a-glucosidase AChE BChE
Compounds ICso (ugmL) r2  ICso (ug mL) r2 ICs (g mL1) 12
A. dumanii 0.48 0.972 1.47 0.990 0.83 0.982
Tacrine# - - 12.36 0.958 19.11 0.981
Acarbose* 22.8 0.985 - - -

#Tacrine was used as positive control for AChE and BChE enzymes and determined
*Acarbose was used as positive control for a-glycosidase enzymes and determined

CONCLUSION

Evaluation of anticholinergic, antidiabetic and
antioxidant activity of A. dumanii, an endemic plant,
is very important. Inhibition of active enzyme activity
has become a prominent target in the therapy or
management of many chronic disorders, particularly
Alzheimer's disease, cancer, and diabetes. The results
show that Astragalus dumanii is a natural source of
antioxidants and is also a good enzyme inhibitory
agent against acetylcholinesterase,
butyrylcholinesterase and a-glycosidase (ICso values:
1.47, 0.83 and 0.48 pg mL1, respectively) when
compared with standard substances.In addition, the
obtained results can provide a pharmacological basis
for further research on the bioactivity isolation of
active compounds.
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ABSTRACT Biochemistry
Due to the side effects of antibiotics used in the treatment of diseases
caused by pathogenic bacteria, and antibiotic resistance that Research Article
develops due to the misuse of antibiotics, scientists have turned to : :
the search for alternative antimicrobial compounds. Plants and Artlc.le Hlstory‘
antimicrobial compounds in plants are widely researched because Received :30'09'2021
they are natural and have been a familiar resource in the field of Accepted - 14.01.2022
complementary medicine for centuries. In this study, antimicrobial K d

A . eywords
activities of the methanol and water extracts of Nasturtium Antimicrobial

officinale prepared at different concentrations were investigated on
gram-positive bacteria, gram-negative bacteria, and fungi by the disc
diffusion method. In addition, volatile organic compound and fatty
acidcontent of the plant were determined. For this purpose, fatty
acids were determined by converting them to methyl esters in GC-
FID (gas chromatography flame ionization detector), volatile
compounds were determined by SPME (Solid-phase microextraction)
method in GC-MS (gas chromatography-mass spectrometry). In
addition, the amounts of volatile components in different parts of the
plant were shown comparatively within the scope of the research.
According to the results obtained; it was revealed that Nasturtium
officinale has an antimicrobial effect on Bacillus megaterium,
FEscherichia coli, Candida albicans, Pseudomonas aeruginosa,
Bacillus Spizizenii, Klebsiella pneumoniae, Staphylococcus aureus
bacteria. The plant showed a stronger antimicrobial effect, especially
on P. aeruginosa, C. Albicans, and FE. coli. It has also been
determined that Nasturtium officinale has important essential fatty
acids as well as many volatile components. In the analyzes made, it
was determined that the main volatile component of Nasturtium
officinale was alpha-Terpinolene.

Volatile compounds
Nasturtium officinale
Alpha terpinolene
Fatty acids

Nasturtium officinalénin Antimikrobiyal Aktivitesinin ve Igerigindeki Ugucu Organik Bilegikler ve
Yag Asitlerinin Belirlenmesi

OZET Biyokimya

Patojen bakterilerin neden oldugu hastaliklarin tedavisinde

kullanilan antibiyotiklerin gerek yan etkileri, gerekse yanlisg Aragtirma Makalesi
kullanimina bagh olarak gelisen antibiyotik direnci nedeniyle bilim

insanlar1 alternatif antimikrobiyal bilesik arayigsina yonelmigstir. Makale Tarihgesi

Dogal olmas1 ve yiizyillardir tamamlayici tip alaninda tanidik bir Gelig Tarihi  :30.09.2021
kaynak olmasi1 sebebiyle bitkiler ve bitkilerdeki antimikrobiyal Kabul Tarihi :14.01.2022
bilesenler yaygin bir sekilde arastirilmaktadir. Bu c¢alismada,

Nasturtium officinalenhin farkli konsantrasyonlarda hazirlanan Anahtar Kelimeler
metanol ve su ekstraktlarinin gram-pozitif bakteriler, gram-negatif Antimikrobiyal
bakteriler ve mantar tizerindeki antimikrobiyal aktivitesi disk Ugucu bilegenler
diftizyon yontemiyle arastirildi. Bunun yanisira bitkinin igerigindeki Nasturtium officinale
ucucu organik bilesikler ve yag asitleri tespit edildi. Bu amacgla GC- Alpha terpinolene
FID'de (gaz kromatografisi alev iyonizasyon dedektéril) yag asitleri Yag asitleri

metil esterlere doniistiiriilerek belirlenirken, GC-MS'de (gaz
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kromatografisi - kiitle spektrometrisi SPME (Kat1 fazh
mikroekstraksiyon) yéntemi ile ucucu bilesenleri belirlendi. Ayrica
arastirma kapsaminda Dbitkinin farkli kisimlarindaki ugucu
bilesenler karsilastirmali olarak ele alindi. Elde edilen sonuclara
gore; Nasturtium officinaleénin Bacillus megaterium, Escherichia
coli, Candida albicans, Pseudomonas aeruginosa, Bacillus Spizizenii,
Klebsiella pneumoniae, Staphylococcus aureus bakterileri tizerinde
antimikrobiyal etkisi oldugu ortaya ¢ikti. Bitki o6zellikle P,
aeruginosa, C. Albicans ve FE. Coli tuzerinde daha gigli
antimikrobiyal etki gostermistir. Ayrica Nasturtium officinalenin
6nemli esansiyel yag asitlerinin yanisira c¢ok sayida ugucu
bilesenlere de sahip oldugu tespit edildi. Yapilan analizlerde
Nasturtium officinalehin ana ucucu bileseninin alfa-Terpinolen

oldugu belirlendi.

Ataf Sekli: Ercan L, Dogru M 2022. Nasturtium officinaleénin Antimikrobiyal Aktivitesinin ve Icerigindeki Ugucu
Organik Bilesikler ve Yag Asitlerinin Belirlenmesi. KSU Tarim ve Doga Derg 25 (Ek Sayr 1): 11-21.
httpsi//doi.org/10.18016/ksutarimdoga.vi. 1001837

To Cite : Ercan L, Dogru M 2022. Determination of Antimicrobial Activity of Nasturtium officinale and Its Content of
Volatile Organic Compounds and Fatty Acids. KSU J. Agric Nat 25 (Suppl 1) 11-21.
httpsi//doi.org/10.18016/ksutarimdoga.vi.1001837

INTRODUCTION antimicrobial, anti-inflammatory, antioxidant,

N. officinale, a member of the Brassicaceae family, is
a rare aquatic plant with thin and fibrous roots, and
oval baby leaves (Daniel, 2009). N. officinale is
considered a valuable traditional medicinal plant due
to its many health-beneficial components such as
vitamins B, C, and E, pro-vitamin A, folic acid,
carotenoids, glucosinolates (Gongalves et al., 2009;
Pourhassan-Moghaddam et al, 2014). It is known that
watercress (N. officinale) leaves are used in anti-
inflammatory, diuretic, expectorant, hypoglycemic,
antihypertensive, urinary tract infections, and
cardiovascular diseases (Amiri, 2012; Shahani et al.,
2016).

Plants that have been used in the treatment of
various diseases for centuries are still recommended
in the treatment of many diseases, especially as a
supplement. Due to the high cost of drugs used in the
treatment of diseases, as well as the risk of unwanted
side effects, researchers around the world are trying
to identify effective drugs with minimal side effects to
overcome the difficulties associated with the
unreliability of modern pharmaceuticals (Adokoh et
al., 2019; Abd Rashid et al., 2021). Recently, ways to
eliminate many bacteria that cause various infections
and food poisoning without using antibiotics are being
investigated (Sengiin and Oztiirk, 2018).

The use of herbal products in the industry, health,
textile, food, cosmetics, and the increasing trend
towards natural products have led to the examination
of plants from all aspects (Varh et al., 2020). For this
purpose, plants and their bioactive components, fatty
acids, volatile components, and their effects have
begun to be investigated more (Varl et al., 2020).
Some volatile compounds obtained from aromatic
plants are used in medicine and pharmacology as
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expectorant, analgesic, and in the treatment of many
ailments and are also effective in defense against
herbivores and pathogens (Pichersky et al., 2006;
Maffei et al., 2011; Yip et al., 2019). It has been
shown in many studies that these compounds, which
are synthesized by plants to attract pollinators and
fight pests, have many beneficial effects such as
anticarcinogen, anti-inflammatory, antidiabetes and
neuroprotective, as well as being used as fragrance
and food additives (Maffei et al., 2011; Pichersky et
al., 2006). ; Vieira et al., 2018; Yip et al., 2019).

On the other hand, fatty acids are also among the
important compounds contained in plants. It is also
known that essential fatty acids, which cannot be
synthesized in the body of humans and other
mammals and must be taken from outside, play a key
role in the prevention of many diseases such as heart
attack, cardiovascular diseases, depression, migraine,
arthritis, diabetes, high cholesterol, blood pressure,
allergies, and cancer (Santos et al., 2017; Wassell et
al., 2010). The essential fatty acids a-linolenic acid
and linoleic acid are required for the synthesis of
various molecules that affect vital functions (Das,
2006). According to previous research reports, it has
been shown that polyunsaturated fats such as omega-
3 play an important role in the prevention of coronary
heart disease and some cancers (Pretorius and

Schénfeldt, 2021). Linolenic acid, one of the
polyunsaturated fatty acids, has anticancer,

antiosteoporotic, antioxidant, anti-inflammatory, and
coronary protective properties (Santos et al., 2017;
Martins et al., 2018). In addition to the many benefits
of essential oils, many negative situations arise in the
lack of these essential oils. It is important to reveal
the volatile compounds and fatty acids contained in
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plants to find out their valuable aspects. Therefore, in
this study, the volatile components, fatty acids, and

antimicrobial effects of N. officinale were
investigated.
MATERIAL and METHOD

Plant material

The N. officinale used in this study was collected from
the natural environment in Kayseri, Turkey, and the
plant samples were authenticated by Prof. Dr. Hasan
AKAN. It is stored in herbarium number 6363 at
Harran University.

Chemicals

Nutrient agar medium, broth medium (Condalab
brand), amikacin (30ug), ampicillin-sulbactam (20
pg), rifampin (5 pg), and erythromycin (15 pug) were
purchased from Bioanalyse. Methanol, DMSO
(dimethylsulfoxide), and KOH were purchased from
Sigma- Aldrich.

Tested Microorganisms

Tested Microorganisms; Klebsiella aerogenes ATCC
13048, Pseudomonas aeruginosa ATCC 9027, Bacillus
megaterium ATCC 14581, FEscherichia coli ATCC
11229, Klebsiella pneumoniae ATCC 13883,
Staphylococcus aureus ATCC 25923, Candida
albicans ATCC 10231, PBacillus subtilis subsp.
spizizenii ATCC 6633, strains are purchased from
Microbiologics.

Preparation and Analysis of Plant Extracts for
Antimicrobial Activity Determination

To investigate the antimicrobial effects of M
officinale, two separate extractions were prepared
with distilled water and methanol. Water extract was
prepared by adding 200 mL of distilled water to 20
grams of plant samples, and methanol extract was
prepared by adding 200 mL of methanol to 20 grams
of plant samples. After filtration through filter paper,
the water extract from the solutions was lyophilized
while the methanol extract was evaporated. To
determine the antimicrobial effect of the plant,
solutions were prepared of lyophilized water extract
and evaporated methanol extract with dimethyl
sulfoxide (DMSO) at different concentrations (20, 40,
60 mg mL). The Disc Diffusion method was used to
determine antimicrobial activity (Wayne, 1997).
Microorganisms were incubated at 37°C in nutrient
broth (NB) until 0.5 McFarland (1.5x108 Kob mL)
turbidity occurred. Turbidity control was performed
in a spectrophotometer at a wavelength of 625 nm
with a between absorbance of 0.08-0.10. 100 ul of
prepared test microorganisms were taken and
inoculated in nutrient agar solid plates. Then, the
solutions of the lyophilized water extracts and the
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evaporated methanol extracts prepared were
absorbed into sterile discs in the inoculated plate. For

FEscherichia coll, Pseudomonas aeruginosa,
Staphylococcus  aureus, Bacillus  megaterium,
Klebsiella pneumoniae, Bacillus spizenii, and

Klebsiella aerogenes bacteria 24 hours of incubation
at 37°C were measured and for Candida albicans
incubation at 30°C, inhibition was measured after 48
hours of incubation. The same procedure was
repeated for the positive control erythromycin (15 pg),
rifampin (5 pg), amikacin (30 pg), ampicillin-
sulbactam (SAM) (20 pg), and the negative control
(DMSO0).

Determination of Volatile Components Using SPME-
GCMS

The solid-phase microextraction (SPME) method is a
simple method that allows direct volatile component
analysis without extraction of the plant (Panighel and
Flamini, 2014). 0.6 grams of N. officinale and leaf
and stem parts of V. officinale were weighed each to
determine the volatile organic compound content by
the SPME (Solid Phase Micro Extraction) method in
Gas Chromatography-Mass Spectrometry (GC-MS).
Volatile organic compounds were determined by the
SHIMADZU QP2020 brand GC-MS device. The
column used in the analysis is DB-HEAVYMAX (60 m
x 0.25 mm x 0.25 um). The injection temperature is
250°C and the injection mode is split, the total flow
rate is 1.05 mL min. The incubation temperature was
set to 40°C. The SPME fiber used is 100 pm PDMS
(polydimethylsiloxane).

Determination of Fatty Acid Methyl Ester Using GC-
FID

To determination of fatty acid methyl ester in gas
chromatography flame ionization detector (GC-FID),
20 grams of N. officinale plant was taken and 200 mL
of hexane was added and mixed with a magnetic
stirrer at room temperature for 12 hours. The solution
was then filtered through a filter paper and the
solvent was evaporated at 35°C in the evaporator
until the final volume of the solution was 20 mL. It
was taken from this extract 0.1 mL and mixed with
10 mL hexane and 0.5 mL of 2N KOH prepared in
methanol was added and kept in the dark for 1-2
hours. Fatty acid methyl ester analysis was
performed with SHIMADZU QP2020 brand GC-FID
(Gas Chromatography-Flame Ionization Detector).
Fatty acids were analyzed by converting them into
methyl ester derivatives in the determination of fatty
acids in GC-FID branded SHIMADZU QP2020. Rtx-
2330 RESTEK (60 m x 0.25 mm x 0.2 um) column was
used for analysis. Injection temperature was set to
250°C, injection mode Split, pressure 100 kPa, Split
Ratio 100. The injection volume was set to 1 pL
(AOAC, 2012).
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Statistical Analysis

All measurements were carried out in triplicate and
the results were presented as mean values = SD
(standard deviations). Statistical analyzes between
groups of antimicrobial analyzes were revealed by
one-way ANOVA. p<0.05 was considered significant.

RESULTS and DISCUSSION
Antimicrobial Activity Results
Antimicrobial Efficacy of Methanol Extracts

Antimicrobial activity of the plant on gram-positive
bacteria (S. aureus, B. subtilis subsp. Spizizenii, B.
megaterium), gram-negative bacteria (E. coli, K.
pneumoniae, P. aeruginosa, K. Aerogenesis), and

fungi (C. albicans) have been examined. Negative
control (DMSO) showed no antibacterial effect. The
methanol extracts showed an antimicrobial effect on
K. pneumoniae, B. megaterium, E. coli, C. albicans, P.
aeruginosa, B. Spizizenii, S. aureus Dbacteria.
Methanol extracts antimicrobial activity results
(inhibition zone diameters) are given in Table 1.

Antimicrobial Efficacy of Water Extracts

Negative control (DMSO) did not show an
antibacterial effect. The antimicrobial activity results
(inhibition zone diameters) of the water extracts of N,
officinale are given in Table 2.

Table 1. Antimicrobial activity results of the methanol extracts (mm)
Cizelge 1. Metanol ekstraktlarinin antimikrobiyal aktivite sonuglar: (mm)

Methanol Amikacin Ampicillin Rifampin Erythromycin 20 mg mL 40 mg mL 60 mg mL

extracts (AK-30) -sulbactam (RD-5) (E-15) methanol methanol methanol
(SAM- 20) extract extract extract

P. aeruginosa 18.02+0.01 15.23+0.01 10.9+0.03 12.61+0.03 9.39+0.07 10.63+0.03 11.69+0.05

B. megaterium 19.05+0.15 26.42+0.32 22.78+0.17 25.36+0.33 8.29+0.03 8.29+0.01 8.8+0.04

C. albicans 21.79+0.45 27.43+0.69 17.00+0.41 14.58+0.04 7.54+0.01 8.35+0.07 8.75+0.05

K. pneumoniae 19.01+0.07 17.30+0.21 12.52+0.03 16.41+0.09 - 7.67+0.03 7.86+0.09

E. coli 14.95+0.08 21.8+1.24 9.82+0.01 12.77+0.05 7.74+0.05 9.39+0.05 11.44+0.12

K. aerogenes 17.06+0.03 15.25+0.12 9.37+0.07 18.34+0.12 - - -

B. spizizenii 24.34+0.42 25.42+0.21 19.37+0.15 26.87+1.17 6.84+0.07 6.95+0.05 7.31+0.04

S. aureus 12.74+0.02 27.8+1.45 22.34+0.45 19.27+0.03 - 6.42+0.04 6.48+0.02

(-): No inhibition, + SD (standard deviation)

(-): Inhibisyon yok, + SD (standart sapma)

Table 2. Antimicrobial activity results of water extracts (mm)

Cizelge 2. Su ekstraktlarinin antimikrobiyal aktivite sonuglar: (mm)

Water Amikacin Ampicillin Rifampin Erythromycin 20 mg mL 40 mg mL 60 mg mL

extracts (AK-30) -sulbactam (RD-5) (E-15) water water water
(SAM- 20) extract extract extract

P. aeruginosa 20.75+0.12 16.7+0.07 10.9+0.08 12.61+0.07 - 9.16+0.04 10.41+0.07

B. megaterium 18.7+0.04 26.99+0.45 22.7+0.53 24.63+0.71 8.06+0.06 8.8+0.03 9.71+0.02

C. albicans 25.26+0.32 20.97+0.06 17.74+0.75 15.18+1.69 7.41+0.04 8.05+0.04 9.31+0.12

K. pneumoniae 20.12+0.09 16.12+0.05 11.84+0.01 15.42+0.26 - - -

E. coli 17.69+0.01 19.35+0.01 10.21+0.05 15.49+0.05 7.51+0.05 8.81+0.09

K. aerogenes 18.17+0.05 12.87+0.02 9.62+0.09 17.78+0.35 - - -

B. spizizenii 19.96+0.21 20.93+0.21 19.37+0.01 28.64+1.24 6.62+0.04 7.49+0.03 8.29+0.07

S. aureus 13.08+0.06 28.72+0.06 23.71+0.04 18.43+0.52 - - -

OF No inhibition, = SD (standard deviation)
(-): Inhibisyon yok, + SD (standart sapma)

According to the results given in Table 2, the water
extract of the plant has an antimicrobial effect on B.
megaterium, FE. coli, C. albicans, P. aeruginosa, B.
spizizenii bacteria. However, the water extract
started to inhibit £. coli, P. aeruginosa bacteria at a
concentration of 40 mg mL. When the results are
examined, it is seen that the methanol extracts of the
plant have an antimicrobial effect on K. pneumoniae,
B. megaterium, E. coli, C. albicans, P. aeruginosa, B.
spizizenii bacteria. When the inhibition diameters
and percent inhibition amounts were examined, water
extracts of N. officinale showed more antimicrobial
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effect than methanol extracts on gram-positive
bacteria except for S. aureus. Methanol extracts, on
the other hand, showed more antimicrobial effect on
gram-negative bacteria than water extracts, and also
inhibited S. aureus, a gram-positive bacteria. While
the water extracts of the plant did not inhibit K
pneumoniae, S. aureus bacteria, it began to inhibit
the methanol extracts at a concentration of 40 mg
mL. Comparison of antimicrobial activity results of
methanol and water extracts of N. Officinale is given
in Figure 1.
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Figurel. Comparison of antimicrobial activities of methanol and water extracts of N. Officinale
Sekil 1. N. Officinale'nin metanol ve su ekstraktlarinin antimikrobiyal aktivitelerinin karsilastirilmasi

According to these results, methanol extracts have
more antimicrobial effects because they inhibit more
bacteria. Components that dissolve better in alcohol
may have been effective on this result. From this
point of view, it can be said that components with
antimicrobial properties have a more apolar
structure. In addition, methanol extracts at a
concentration of 60 mg mL showed a stronger
antimicrobial effect on P. aeruginosa and E. coli
bacteria than Rifampin antibiotic. As a result, N
officinale showed an antimicrobial effect on 5.
megaterium, E. coli, P. aeruginosa, B. Spizizenii, K.
pneumoniae, S. aureus bacteria, and C. albicans. The
plant showed a better antimicrobial effect especially
against C. albicans, P. aeruginosa, and E. coli. In a
study on FKscherichia coli, Salmonella typhimurium,
Staphylococcus aureus, and Listeria monocytogenes
bacteria, it was reported that aqueous and alcoholic
extracts of V. officinale were more effective on gram
positives and did not inhibit gram-negative bacteria
(Derhami et al., 2017). In experiments, it was found
that V. officinale was also effective on K. pneumoniae,
E. coli P. aeruginosa. The difference between these
results may be due to the time the plant was
collected, the place where it was collected, as well as
the possibility that the plant samples may lose some
of their components during drying.

Volatile Organic Component Determination Results

The volatile organic compounds of N. officinale were
determined and shown in Table 3.
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According to these results, it was determined that .
officinale is rich in volatile components and contains
many terpenes and terpenoid volatile components. It
has been observed that most of these volatile
components are composed of monoterpenes and V.
officinale contains alpha-terpinolene (54.46%), which
1s a monoterpene, as the main component. It contains
many monoterpenes such as D-limonene, gamma-
terpinene, beta-phellandrene other than alpha-
terpinolene, and many sesquiterpenes such as cadina-
1(2), 4-diene, caryophyllene, B-sesquiphellandrene.
Monoterpenes are among the volatile organic
components of many medicinal plants. Very few
volatile components were detected in the previous
volatile component analysis of N. Officinale (Amiri,
2012). The reason for this may be that the plant loses
its volatile components depending on the collection
time or storage conditions. Because the plant samples
used in this study are freshly dried samples.

Many monoterpenes have antimicrobial, antioxidant,
anti-inflammatory, and anti-carcinogenic effects. In
addition, it has been shown in previous studies that
monoterpenes such as limonene prevent breast, lung
and other cancers and monoterpenes are effective in
cancer treatment (Gould, 1997). It has been reported
that B-myrcene, a monoterpene, acts like estrogen
activity, which is particularly important for women
and also exhibits cardiotonic and diuretic properties
(Chappell, 1995; Koziol et al., 2014; Kweka, 2009). B-
Myrcene also has antibacterial properties on
Staphylococcus aureus, Escherichia coli, Salmonella
enterica as well as some plant pathogenic bacteria
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Table 3. Volatile organic component analysis results of the V. officinale

Cizelge 3. N. officinale’nin ugucu organik bilesen analiz sonuglari

Compounds RI % Molecular Classification
Bilesikler formula Siniflandirma
2-Isobutyl-4,4-dimethyl-1,3-dioxane 549 0.05 C9oH1902 acetal
Furan, 2,3-dihydro- 730 0.57 CsHeO enol ether
Ethanol 921 0.15 C.HsOH alcohol
EIR? 2-,6,6 Trimethylbicyclo[3.1.1]hept-2-ene 1069 0.57 CroHie monoterpene
1R-a-Pinene )
alpha-Thujene 1068 0.03 CioHi1e monoterpene
%31cyclo.[3. 1.1]heptane, 6,6-dimethyl-2-methyl- 36 0.18 CroHie monoterpene
beta pinene)
1-Phellandrene 1152 0.62 Ci10H1s monoterpene
beta-Myrcene 1154 1.64 C10H1s6 monoterpene
D-Limonene 1189 6.43 C1o0H1e monoterpene
%YﬁZiiiz?f (’71)’;23;:23751“3 4-(1-methylethenyl 1193 0.05 C1o0H1e monoterpene
beta-Phellandrene 1198 6.69 C1o0H1e monoterpene
cis-Ocimene 1233 0.29 C10H1s6 monoterpene
gamma-Terpinene 1242 5.28 C10H1s6 monoterpene
Benzene, methyl(1-methylethyl)- (cymene) 1268 1.23 CioH14 monoterpene
alpha-Terpinolene 1283 54.46 C10Hi1s6 monoterpene
Bicyclo[2.2.1]hept-2-ene, 1,7,7-trimethyl- 1987 0.07 CroHis monoterpenoid
(Bornylene)
Octanal 1290 0.09 CsHi160 aldehyde
Tetradecane 1400 0.04 C14Hs0 alkan
3,8-dimethylene-1-cyclooctene 1432 0.21 CioH1e monoterpene
Benzene, 1-methyl-4-(1-methylethenyl)- 1451 0.66 CioHi monoterpene
(p-Cymenene) alkylbenzene
Epoxyterpinolene 1480 0.69 C10H160 monoterpenic ether
1-Hexanol, 2-ethyl- 1491 0.06 CsH1s0 alcohol
Copaene 1500 0.08 C15Ha4 sesquiterpene
Benzaldehyde, 2,5-bis[(trimethylsilyl)oxy]- 1521 0.06 C13H2203Si12 aldehit
3,5-Octadien-2-one 1527 0.06 CsHpo ~— OXysenated
hydrocarbon
Benzaldehyde 1538 0.04 CeH5CHO aldehyde
Cyclohexane, 2-ethenyl-1,1-dimethyl-3-methylene 1560 0.10 Ci0*CHi6D: cyclic hydrocarbon
Ethanone, 1-(6,6-dimethylbicyclo[3.1.0]lhex-2 en 1562 0.08 C10H140 ketone
beta-Cyclocitral 1565 0.10 C10H160 monoterpenoid
alpha-Bergamotene 1597 0.16 Ci5Haa sesquiterpene
Heneicosane 1600 0.02 C21Ha4 alkan
Caryophyllene 1614 3.21 C15Ha4 sesquiterpene
Cyclohexanol, 2,6-dimethyl- 1622 0.04 CsH160 alcohol
Naphthalene, 1,2,3,4,4a,7-hexahydro-1,6- .
dimethyl(Cadina-1(2),4-diene, cis) 1625 6.86 CrsHas sesquiterpene
ifhlgfiethyl heptadecane-1,2-diol,trimethylsilyl 1640 0.12 CouHs405Sis aleohol
Farnesol 1673 0.24 C15H260 sesquiterpenoid
cis-thujan-10-oic acid methyl ester 1686 0.15 C10H1602 sesquiterpenoid
alpha-Humulene 1690 0.14 Ci15Haq sesquiterpene
1,8-menthadien-4-ol 1696 1.07 C10H160 monoterpenoid
1H-Cyclopental1,3lcyclopropall,2]benzene, o 1714 0.98 CsHas sesquiterpenoid
(beta cubebene)
Germacrene-D 1730 0.11 C15Ha4 sesquiterpene
beta-Bisabolene 1740 0.16 C15Haa sesquiterpene
3,5-Nonadien-7-yn-2-ol, (E,E)- 1777 0.06 CoH120 alcohol
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Cyclohexene,3-(1,5-dimethyl-4-hexenyl)-6-
methylene(B-Sesquiphellandrene)

Ethanone, 1-(4-methylphenyl)-
Bicyclo[3.1.1]hept-2-en-6-0l,2,7,7-trimethyl-
(Chrysanthenol, cis)

Benzenemethanol, .alpha,alpha,4-trimethyl-
(p-Cymen-8-ol)

5,9-Undecadien-2-one, 6,10-dimethyl-, (Z)-
(cis-Geranylacetone)

Naphthalene, 1,2,3,4-tetrahydro-1,6-dimethyl-
(cis calamenene)

Propanoic acid, 2-methyl-, 1-(1,1-dimethylethyl
ester

Neophytadiene
5-Isopropenyl-2-methyl-7-oxabicyclo[4.1.0]heptan-
20l

3-Buten-2-one, 4-(2,6,6-trimethyl-1-cyclohexe
(B-Tonone)

1-Nonadecanamine, N,N-dimethyl-

Diphenyl ether

5,7-Octadien-3-ol, 2,4,4,7-tetramethyl-
Benzenepropanenitrile

Squalene

1H-Purin-6-amine, [(2-fluorophenyl)methyl]-
2-Cyclohexen-1-one,2-methyl-5-(1-
methylethyl)(Carvotanacetone)

Cinnamaldehyde, alpha - pentyl-

1785
1795
1814

1858

1866

1876

1891
1927
1948

1958

1993
2039
2044
2063
2153
2159

2203
2255

1.95 C15Ha4 sesquiterpene

0.05 CoH100 alkyl-phenylketone

0.16 C10H160 monoterpenoid

0.92 CoHuo ~ Oxveenated
monoterpene

0.08 C13H220 monoterpene ketone

0.07 Ci5He2 sesquiterpene

0.23 CsH1602 ester

0.15 C20H3s sesquiterpenoid

0.15 C10H1602 alcohol

0.06 C13H200 sesquiterpenoid

0.15 C21H4sN amine

0.09 (C6Hs)20 ether

0.07 C12H220 monoterpenoid

0.33 CoHoN nitrile

1.55 CsoHso triterpene

0.05 C12H10FNs amine

0.65 C10H160 menthane .
monoterpenoid

0.09 C14H180 phenylpropanoid

RI: Retention index, %: Percentage of volatile component in total volatile components (w/w)
RI: Alikonma indeksi, %: Ugucu bilegenin, toplam ucucu bilesen icindeki yiizdesi (w/w)

(Abdel Rasoul et al., 2012; Wang et al., 2019; Pote¢ et
al., 2020). Squalene is a triterpene that is a precursor
to the biosynthesis of cholesterol and other steroids. It
has been reported to be anticarcinogenic and reduce
tumor growth (Reddy and Couvreur, 2009). B-
Sesquiphellandrene has been reported to have anti-
proliferative effects in leukemia, multiple myeloma,
and colorectal cancer cells (Denyer et al., 1994; Tyagi
et al., 2015; Siripoltangman and Chickos, 2019). B-
Caryophyllene 1s a sesquiterpene with anti-
inflammatory, anti-spasmodic, antimicrobial effects
as well as beneficial effects such as curing asthma
and inhibiting hypersensitive immune reaction. (Kim
et al.,, 1998; Cho et al., 2007; Galdino et al., 2012;
Dahham et al., 2015; Yoo and Jwa, 2019).

N. officinale contains large amounts of alpha-
terpinolene. Terpinolene, a flavored ingredient, is also
known to have an anti-fungal function (Hammer et
al., 2004). On the other hand, it has been suggested
that these monoterpenes suppress NF-kB (Nuclear
Factor kappa B) activity and that terpinolene and a-
phellandrene may contribute to the treatment of
wounds by reducing inflammation and oxidative
stress (Scherer et al., 2019). It has also been proven
that terpinolene is non-genotoxic and exhibits a wide
variety of properties such as antioxidant,
antiproliferative, anticancer, antifungal, and larvicide
(Dorman et al., 2000; Hammer et al., 2004; Conti et
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al., 2012; Harada et al.,, 2012). All these findings
reinforce that terpinolene is a good and safe natural
antioxidant as well as a potential anticancer agent
(Aydin et al, 2013). In the light of all this
information, many useful components were
determined in N. Officinale by volatile component
analysis.

In addition, the results of the volatile component
analysis of the leaf and stem of N. officinale are given
in Table 4 comparatively.

When the results regarding the volatile components
of the leaves and stems of N. officinale given in Table
4 are examined, it is seen that the leaf part of the
plant is richer in volatile components than the stem
part. Alpha-terpinolene 1s the main volatile
component of both the leaf and stem of the plant. On
the other hand, compounds such as D-limonene,
gamma-terpinene, p-cymenene, cymene,
benzenepropanenitrile, squalene, beta-phellandrene
were found more in the stem part.

Fatty Acid Methyl Ester Analysis Results
Analysis results of fatty acid methyl ester of N
officinale are given in Table 5.

The total unsaturated fatty acid ratio of the plant is
58.75%, and the total saturated fatty acid ratio is
41.25%. The plant contains alpha-linolenic acid,
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arachidic acid, linolenic acid, elaidic acid and palmitic fatty acid with important functions for the human
acid. It has been observed that N. officinale can be an body (Santos et al., 2017; Martins et al., 2018). It also
important nutrient in daily nutrition because it is contains linolenic acid, elaidic acid, and palmitic acid.
rich in alpha-linolenic acid (omega 3), an essential The plant stands as a precious food with this content.

Table 4. Volatile component analysis results of leaves and stems of . officinale
Cizelge 4. N. officinale'nin yaprak ve govdesinin ugucu bilesen analiz sonuglari

Compounds Leaf Analysis % Stem Analysis %
Bilesikler Yaprak analizi % Govde analizi %

1 Furan, 2,3-dihydro- 0.5 0.43
2 Borane-methyl sulfide complex 0.05 -

3 Acetone 0.07 0.10
4  N-Methylene-tert-butylamine 0.05 -

5  Butanal, 2-methyl- 0.02 -
6  Pentanal 0.1 0.03
7  Octane, 3,5-dimethyl- 0.03 -
8 1R-a-pinene 0.69 0.66
9 Alpha-Thujene 0.03 0.02
10 Beta pinene 2.94 2.88
11 Hexanal 0.06 0.03
12 Alpha terpinene 0.11 0.10
13 D-Limonene 7.2 7.49
14 p-Mentha-1(7),8-diene 0.05 0.05
15 Beta-Phellandrene 9.3 10.8
16 2-Hexenal, (E)- 0.09 -
17  cis-Ocimene 0.37 -
18 Gamma-Terpinene 7.85 10.19
19 Cymene 1.6 1.81
20 Alpha-terpinolene 51.78 49.67
21 Octanal 0.04 0.07
22  1,5-Cyclooctadiene, 3-t-butyl- 0.57 -
23  2-Methylisoborneol - 0.49
24 1,3,8-p-Menthatriene - 0.21
25  3,8-dimethylene-1-cyclooctene 0.17 0.20
26 p-Cymenene 0.78 1.06
27 Epoxyterpinolene 0.57 0.77
28 Copaene 0.1 -
29  3,5-Octadien-2-one 0.09

30 Benzaldehyde 0.11 -
31 Cyclohexane, 2-ethenyl-1,1-dimethyl-3-methy 0.09 0.10
32 2-Isopropylidene-3-methylhexa-3,5-dienal - 0.06
33 Ethanone, 1-(6,6-dimethylbicyclo[3.1.0]hex-2 0.05 -
34 Bicyclo[3.1.1]hept-2-ene, 2,6-dimethyl-6-(4-m 0.14 0.11
35 Hexadecane 0.02 -
36 Caryophyllene 3.3 2.57
37 Cyclohexanol, 2,6-dimethyl- 0.14 0.04
38 Cadina-1(2),4-diene, cis 4.48 3.28
39 beta-Cyclocitral 0.09 -
40 Cyclohexane, 1-ethenyl-1-methyl-2-(1-methyl 0.26 -
41 cis-beta-Farnesene 0.16 0.11
42 cis-thujan-10-oic acid methyl est 0.11 0.24
43 alpha-Humulene 0.15 0.11
44 1,8-menthadien-4-ol 0.76 1.62
45 Beta cubebene 0.18 0.16
46  Benzoic acid, 4-methyl-, 2-hydroxy-2-phenyl - - 0.12
47  Cyclohexene, 3-(1,5-dimethyl-4-hexenyl)-6-m - - 0.69
48 Ethanone, 1-(3-methylphenyl)-- - 0.06
49 Benzenemethanol, .alpha.,.alpha.,4-trimethyl-- - 1.26
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50 1s,cis-calamenene 0.05 0.05

51 Neophytadiene 0.42 0.05

52  5-Isopropenyl-2-methyl-7-oxabicyclo[4.1.0]he 0.27 0.28

53 Benzenepropanenitrile - - 0.10

54  Cyclooctanone 0.06 0.07

55 Squalene - 1.56

56 3,5-Octadien-2-0l - 0.05

57 Germacrene-d 0.13 -

58 Dbeta-Bisabolene 0.15

59 alpha-Farnesene 0.05

60 Benzenemethanol, .alpha.,4-dimethyl- 0.08

61 beta-Sesquiphellandrene 2.09

62 Ethanone, 1-(4-methylphenyl)- 0.06

63 Selina-3,7(11)-diene 0.04 -

64 Chrysanthenol, cis 0.16 0.25

65 Benzenemethanol, alpha, alpha, 4-trimethyl- 0.96 -

66 3-Buten-2-one, 4-(2,6,6-trimethyl-1-cyclohexe 0.09

67 Diphenyl ether 0.08

68 5,7-Octadien-3-ol, 2,4,4,7-tetramethyl-, (E)- 0.06

%: Percentage of volatile component in total volatile components (w/w)

%: Ucucu bilegenin, toplam ugucu bilegen icindeki yiizdesi (w/w)

Table 5. Analysis results of fatty acid methyl ester of V. officinale

Cizelge 6. N. officinale'nin yag asidi metil ester analiz sonuglar:

Peak R.T Fatty acid Concentration Units Area
1 18.482 Palmitic Acid C16:0 14.422 % 435
2 22.814 Elaidic Acid C18:1n9t 11.890 % 358
3 24.818 Linolenic Acid C18:2n6t 16.368 % 493
4 25.685 Arachidic Acid C20:0 26.827 % 808
5 26.336 Alpha-Linolenic Acid C18: 3n-3 30.493 % 919
Total 3013

R.T.: Retention time, Total: Total peak area, %: Percentage of the component in total peak area (w/w)
R.T.: Alikonma zamani, Total : Toplam pik alani, %: Bilesenin, toplam pik alanindaki yiizdesi (w/w)

CONCLUSION

In the light of all these results, it has been
determined that the N. officinale is an important
plant that contains essential fatty acids and many
volatile organic compounds and also has antimicrobial
effects. Methanol extract of V. officinale showed more
antimicrobial effect than water extract. In the volatile
component analysis results, in which we determined
the volatile components of different parts of the plant,
it was determined that N. officinale contains
important components such as alpha-terpinolene, B-
Myrcene, B-Caryophyllene, Squalene, B-
Sesquiphellandrene. In addition, according to the
results of the fatty acid analysis, it was determined
that it contains important fatty acids such as omega-3
in its structure. As a result, it has been shown that
the plant is a species that can be used in new
applications with both its antimicrobial activity and
the important components it contains.
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ABSTRACT

Biochemistry

This study aimed to purify and biochemically characterize

Research Article

polyphenol oxidase (PPO) enzyme from the plant Ipomoea purpurea
(I, purpurea) for the first time. For this purpose, the crude extract
sample obtained from the extraction of in vitro cultured plant leaves
under optimum conditions (25 mgmL? Polyvinylpolypyrrolidone, pH
7.0) was subjected to three-phase partitioning, and the PPO enzyme
was 10.5-fold purified with a 57% activity recovery. The optimum pH
and temperature values were determined as 7.0 and 30°C,
respectively. Laccase, peroxidase, and catechol oxidase activities
were observed after activity staining of partially purified enzyme.
From stability tests, it was noted that more than 75% and 65% of its
original activity were maintained at temperatures 20°C-40°C and pH
7.0-9.0, respectively.
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Giindiiz Sefas1 (Jpomoea purpurea) Bitkisinden Polifenol Oksidaz Enziminin Kismi Saflagtirilmas1 ve

Karakterizasyonu

OZET

Bu calismada, polifenol oksidaz (PPO) enziminin Ipomoea purpurea
(I purpurea) bitkisinden ilk kez saflastirilmasi ve enzimin
biyokimyasal ozelliklerinin belirlenmesi amaclandi. Buna gore, in
vitro olarak tretilen bitkiye ait yapraklardan optimum kosullarda
(25 mg ml-1 Polivinilpolipirrolidon, pH 7.0) gerceklestirilen
ekstraksiyon sonrasi elde edilen ham ekstrakt o6rneginden PPO
enzimi Ucgli faz ayirma teknigi ile yaklasik %57 aktivite geri
kazanimla 10,5 kat saflagtirildi. Enzimin optimum pH ve sicaklik
degerleri sirasiyla 7.0 ve 30°C olarak belirlendi. Aktivite boyama
sonrasi kismen saf enzimde lakkaz, peroksidaz ve katekol oksidaz
aktiviteleri tespit edildi. Ayrica, 20°C ile 40°C arasinda enzim
aktivitesinin >%75, pH 7.0 ile 9.0 arasinda >%65 oraninda
korundugu tespit edildi.
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INTRODUCTION

Polyphenol oxidases (PPOs) (E.C. 1.14.18.1, E.C.
1.10.3.1, or E.C. 1.10.3.2) are a group of copper
proteins found in nearly all prokaryotic and
eukaryotic cells. PPOs are capable of oxidizing a
considerable amount of phenolic and non-phenolic
aromatic compounds. In most cases, its physiological
functions are either pigmentation or protection from
the harmful effects of the environment. Despite the

uncertainty in the classification of PPOs, they can be
divided into three groups according to the literature:
laccase (p-diphenol: oxygen-oxidoreductase, E.C.
1.10.3.2), catechol oxidase (o-diphenol: oxygen-
oxidoreductase, E.C. 1.10.3.1) and tyrosinase
(monophenol-monooxygenase, E.C. 1.14.18.1)
(Kocabas et al., 2011; Panadare and Rathod, 2018).

PPO activity is vital to determine food products'
quality and shelf life; therefore, a fast, reliable, and
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precise method is desired to estimate PPO activity in
agricultural and horticultural crops. Biosensors are
perfect for this purpose. Industrially, PPOs have an
extensive range of application areas, including
medicine, pharmaceutical and chemical industries,
analytical devices (biosensor preparation), and the
food industry (Panadare and Rathod, 2018).

In countries where 1t is essential to produce
economically significant amounts of fruits and
vegetables, green plants are used as a source of PPO.
There are many studies on plant PPOs especially
from fruits and leaves, in the scientific literature
(Kocabas et al., 2011).

Ipomoea purpurea (L.) Roth (Common-morning glory,
also known as Tall Morning-glory) is an annual
ornamental plant. I purpurea naturally spread
throughout Central America but has become
naturalized in most parts of the world due to its
ornamental value. It is also used medicinally. The
stems, seeds, roots, and flowers of I purpurea have
been utilized as laxative and hallucinogenic agents.
Also, several parts of the species have been used to
treat rheumatism, fungal and wurinary infections,
acne, diarrhea and constipation, infertility, liver
diseases, and syphilis (Srivastava, 2017; Muhammad
et al., 2019). Although it has wide use, studies on 1.
purpurea are pretty limited. Kiran and Acemi (2019)
investigated the effects of chitosan on photosynthetic
pigment, protein, and dry matter contents of 1
purpurea to determine chitosan’s indirect impact on
plant leaves. Atala et al. (2014) performed three
separate greenhouse experiments to test the twining
induced in 1. purpurea by applying different levels of
artificial damage (mechanical) and natural damage
with snails. Park et al. (2007) showed that
phytomelanins are mainly found in the outer
epidermis and palisade layers in wild type LI
purpurea.

This study aimed to purify and biochemically
characterize the PPO enzyme from leaves obtained
from in vitro cultured I. purpurea for the first time. 1.
purpurea was selected as a PPO source due to its
broad ornamental and medicinal uses and the limited
number of studies in the literature. We have used the
three-phase partitioning (TPP) technique to extract
PPO enzyme from plant extract since TPP is a cost-
efficient and straightforward method that purifies
protein of interest in a single step (Panadare and
Rathod, 2018).

MATERIALS and METHODS
Materials

The seeds of Common-Morning Glory (Upomoea
purpurea) were purchased from Anadolu Tohum
Production and Marketing Incorporated company.
The chemicals used during the experiment with the
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highest purity grade were purchased from BioRad
(California, USA), Biolife (Viale Monza, Milan, Italia),
Duchefa Biochemie (RV Haarlem, The Netherlands)
and Sigma-Aldrich (St. Louis, MO, USA).

Preparation of Crude Extracts

The seeds of I purpurea were germinated in LS
(Linsmaier and Skoog, 1965) medium after surface
disinfection treatments (Kiran Acemi and Acemi,
2019). The leaves from in vitroraised individuals
were collected after 30 d of the incubation period.
They were used in experiments within a few hours
after collection or stored at -80 °C until used. The
leaves were thoroughly washed with dH20 before use
in the experiment. In the crude extract preparation,
30 g of leaf tissue was homogenized by thumping in
200 ml 0.1 M sodium phosphate buffer (pH 7.0)
solution in a mortar at +4°C.
Polyvinylpolypyrrolidone (PVPP) was added to a final
concentration of 25 mg ml! (optimized in the present
study) to remove the phenolic substances, and the
mixture was filtered through cheesecloth and
centrifuged at 10000xg for 30 min at +4°C (Kocabas
et al., 2011). The resulting supernatant was collected
and used as the crude enzyme extract for further
purification.

PPO Assay and Protein Amount

PPO activity was measured by observing quinone
production at 420 nm at room temperature on a
spectrophotometer. In the calculation of the enzyme
activity, the sample cuvette contained 500 pul
substrate (pyrocatechol) at 100 mM concentration, 1
ml buffer solution of sodium phosphate (100 mM, pH
7.0), and appropriately-diluted 500 pl enzyme solution
(Alici and Arabaci, 2016). The control (blank) cuvette
contained the same chemicals but without the
enzyme. One unit of the enzyme was the amount of
enzyme producing 1 pmole of quinone per minute.

Protein concentration was performed according to the
Bicinchoninic Acid (BCA) method. Bovine serum
albumin (BSA) was used to draw the standard graph
(Smith et al., 1985).

PPO Purification

The PPO enzyme was purified using a TPP system
consisting of ammonium sulfate, t-butanol, and crude
enzyme extract. The method is based on the
appearance of three phases (bottom aqueous phase,
protein-rich middle phase, and top t-butanol phase)
after adding t-butanol to the crude enzyme extract
saturated with ammonium sulfate (Dennison and
Lovrien, 1997).

For TPP systems, different amounts of (NH4)2SO4
(from 20% to 70% w/v adding in intervals of ten) were
added to 2 ml samples of the crude enzyme (CE)
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extract to Dbring different ammonium sulfate
saturation, and the mixtures were vortexed gently
until the ammonium sulfate was completely
dissolved. Then, t-butanol was added at ratios of
1.0:0.5, 1.0:1.0, 1.0:1.5 and 1.0:2.0 (v/v) to CE extract.
The mixture was vortexed gently on a magnetic
stirrer for 1 min and kept at room temperature for 60
min for phase separation. After standing complete
phase separation was attained by centrifugation at
4500xg for 10 min (Duman and Kaya, 2014; Alici and
Arabaci, 2016). The t-butanol-containing upper phase,
where the protein was not anticipated to be shown,
was expelled by cautious pipetting. One ml of 0.1 M
sodium phosphate buffer solution (pH 7.0) was used
to dissolve the PPO enzyme-containing precipitate
(middle phase). Afterward, activity and protein
determination experiments were carried out at 420
nm using a spectrophotometer (Cary 60, Agilent) at
room temperature on the middle and bottom phase
samples. The parameters such as ammonium sulfate
concentration, crude extract: t-butanol ratio, and
system pH have crucial roles in the TPP system were
also optimized to test their effects on the selective
separation of biomolecules. CE extract activity for in
vitro-cultured plant (6560 U) was taken as 100%. A
blank system was set up, including (NH4)2SO4, dH20,
and t-butanol (excluding the CE extract).

Characterization of the PPO Enzyme

Activity staining

The activity staining procedure was carried out to
identify the PPO activity through polyacrylamide gel
electrophoresis (Rescigno et al., 1997). The SDS-free
polyacrylamide gel contained 10% (w/v) separation gel
and 4% (w/v) stacking gel. The electrophoresis was
carried out at 150 V for 45 min at 4°C (Kaptan, 2004).
After that, 20 ml of 0.1 M potassium phosphate buffer
solution (pH 6.0) was used to wash the separation gel
for 5 min. For the determination of laccase activity,
the gel was treated with 40 mM 4-amino-N-N
diethylaniline (ADA) prepared in 10 mM HCI
solution. Then, 10 mM H20:2 for peroxidase activity
determination was applied, and finally, it was
exposed to 40 mM 4-tert-butyl catechol (tBC)
prepared in 10 mM acetic acid solution for the
determination of catechol oxidase activity. Before
each treatment, the gel was washed with dH20. The
existence of pink-red bands after ADA and H202 and
dark blue bands after tBC were analyzed (Rescigno et
al., 1997).

Effect of pH on enzyme activity and stability

The effect of different pH on 1. purpurea PPO activity
was determined by using 100 mM pyrocatechol as
substrate at several pH values ranging from 4.0 to
9.0. The buffer solutions used in the experiment were
0.1 M citrate buffer for reactions between pH 4.0-5.0,
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0.1 M phosphate buffer for pH 6.0-7.0, 0.1 M Tris
buffer solution for pH 8.0, and 0.1 M glycine-sodium
hydroxide buffer for pH 9.0 (Kavrayan and Aydemir,
2001; Giilgin et al., 2005; Kocabas et al., 2011).
Percent relative activities were calculated by dividing
the enzyme activity measured at each pH value by
the maximum enzyme activity multiplied by 100.

To determine the stability of 1. purpurea PPO against
the same pH range, the PPO sample was incubated in
the buffers mentioned above for 30 and 60 min in a
water bath. The enzyme activity was measured at the
end of the incubation period using the standard
experimental procedure. Percent residual activities
were calculated by dividing the post-incubation
enzyme activity by the pre-incubation activity
multiplied by 100.

Effect of temperature on enzyme activity and stability

In order to detect the effect of temperature on 1.
purpurea PPO activity, enzyme activity was
measured by setting a spectrophotometer
temperature between 20°C and 70°C. The enzyme
stability temperature was measured after keeping the
PPO samples in a water bath at different
temperatures between 20°C and 70°C (20, 30, 40, 50,
60 and 70°C) for both 30 and 60 min (Kavrayan and
Aydemir, 2001; Giil¢in et al., 2005; Kocabas et al.,
2011). After the incubation, enzymes were first kept
on ice, and then polyphenol oxidase activity
measurements were made in a spectrophotometer
device. Percent relative and residual activities were
estimated as described above.

Statistical Analysis

All experiments were performed in triplicate. The
data are represented as mean + standard deviation
(SD). The statistical differences between the means
were compared using Duncan’s multiple range test
(DMRT) at P < 0.05 through the software “The
Statistical Package for the Social Sciences” (SPSS,
version 22, IBM Inc., Chicago, IL, USA).

RESULTS and DISCUSSION
Optimization of PPO Extraction Conditions

For PPO isolation from 7. purpurea, the first step was
optimizing extraction conditions, including PVPP
concentration and pH of the extraction medium.
PVPP is a compound capable of preventing hydrogen
bonding between phenolics and PPO enzyme (Smith
and Montgomery, 1985). For this reason, PVPP was
used during extraction, and its concentration was
optimized to improve PPO yield. PVPP was added to
the extraction medium in a 5-75 mg PVPP ml!
concentration range. As seen in Table 1, 25 mg PVPP
ml! appeared to be a suitable concentration to remove
phenolics for all samples tested. This was consistent
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with previous reports where PVPP was used at a
broad range of 10-60 mg ml! concentrations (Rocha
and Morais, 2001; Kocabas et al., 2011; Pelalak et al.,
2021). 25 mg PVPP ml! was chosen for further
extraction optimization analysis.

Table 1 PVPP optimization results
Cizelge 1. PVPP optimizasyon bulgulari

PVPP concentration PPO activity

(mg ml1) (U ml)

5 1937495 d
12.5 2310+108¢
25 3252+1632
37.5 3007+136P
50 1876+954
62.5 3028+151P
75 1510+78e

abc Values within a row with different superscripts differ
significantly at P<0.05

In order to optimize the pH of the environment,
extraction media was prepared under conditions
ranging from pH 4.0 to 9.0. Afterward, extracts were
obtained, and enzyme activity was determined under
standard conditions in the spectrophotometer.
According to the results given in Table 2, the highest
activity was observed in the extraction medium with
pH 7.0. Thus, further screening experiments were
performed at pH 7.0. In general, it is seen that the
preferred pH during extraction of PPO from different
plants falls in the range of 6.0-7.0. For example, pH
6.0 was used for artichoke (Cynara scolymus L.)
(Aydemir, 2004), while pH 6.5 and 7.0 were chosen for
cotton (Gossypium hirsutum L.) (Kouakou et al.,
2009) and grape (Vitis vinifera) (Oztan, 2007),
respectively.

Table 2 Extraction pH optimization results

Cizelge 2. FEkstraksiyon pH'sinin optimizasyon
bulgulari

pH PPO activity (U ml1)

4.0 0Os

5.0 532+30f

6.0 2201+102P

6.5 3000+112¢

7.0 3328+1642

8.0 1943+734

9.0 1250+61¢

abc Values within a row with different superscripts differ
significantly at P<0.05

Purification of PPO by TPP

The second step to obtain the PPO enzyme was the
application of three-phase partitioning to the crude
extract. Compared with other conventional
purification methods, TPP is a simple purification
technique with a short processing time and is
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economical (ammonium sulfate and t-butanol are
readily available). This technique does not denature
proteins during purification and generally works at
room temperature (Rachana and dJose, 2014).
Although TPP was chosen for many scientists to
purify various important enzymes (Nadar and
Rathod., 2017), studies on its use for PPO purification
are restricted (Panadare and Rathod, 2018).

For TPP systems, it is vital to optimize the system
components like ammonium sulfate and t-butanol
concentrations and the pH to extract a sufficient
amount of saturated protein of interest from the
complex mixture (CE extract) with the complex
mixture minimal interaction with contaminating
materials. In general, optimization trials are started
with solutions prepared at 20% (w/v) saturation. The
desired protein concentration in the middle or bottom
phases is determined (Dennison and Lovrien, 1997).
Therefore, the experiments were started with 20%
(w/v) (NH4)2S04, since it was recommended in various
reports (Niphadkar and Rathod, 2015, Panadare and
Rathod, 2018). In the experiments, (NH4)2SO0+ was
tested up to 70% (w/v) at pH 7.0 and room
temperature on crude enzyme extract to t-butanol
(1.0:1.0; v/v). Figure 1 reveals the effect of (NH4)2SO4
concentration on PPO partition from the crude
extract.

Ammonium sulfate saturations below 20% (w/v)
usually lead to poor protein recovery, but higher
concentrations cause protein to move from bottom to
top (Bayraktar and Onal, 2013). Likewise, in this
study, it was observed that the PPO enzyme
accumulated in the bottom phase when the crude
extract was saturated with 20%-40% (w/v) (NH4)2S04
(Figure 1). On the other hand, 50%, 60%, and 70%
saturations resulted in PPO movement from the
bottom to the middle, but the purification fold
decreased. The highest fold purification of 8.2-fold
along with 57% activity recovery of PPO in the bottom
phase was obtained with 30% (w/v) (NH4)2SO4.

Crude extract:t-butanol ratio is also an essential
parameter in TPP systems and should be optimized.
t-Butanol shows higher deactivation and lower
interfacial  precipitation  through  hydrophobic
interactions with proteins than other organic solvents
such as n-butanol, n-propanol, or isopropanol and
does not denature proteins. Therefore, it is the most
preferred organic solvent in TPP systems. Its lower
concentrations might be insufficient to exert a
synergistic effect with the salt used. At the same
time, its higher amounts are expected to inhibit
intermolecular interactions due to the increased
viscosity of the TPP mixture (Dennison and Lovrien,
1997).

TPP systems were set up containing the crude extract
saturated with 30% (NH4)2SO.4. t-Butanol was added
into the solutions of crude extracts saturated with
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(NH492S04 at ratios varying between 1.0:0.5 and
1.0:2.0 to determine the appropriate optimal volume
added to the solution. As observed from Figure 2, the
best PPO purification fold (8.2) and highest activity
recovery (57%) were achieved from the bottom phase
of the TPP system prepared by the addition of an
equal volume of t-butanol to the crude extract

saturated with 30% (w/v) (NH4)2S04. Also, in Figure
2, with ratios of crude extract to t-butanol of 1.0:0.5
and 1.0:2.0, the purification fold of the PPO enzyme
at the bottom phase was decreased. On the other
hand, with a 1.0:1.5 ratio, activity recovery was
slightly increased.

Purification fold

70
C—Purification fold

<o» Activity recovery (%)
1 60

1 50

1 40

1 30

1 20

Activity recovery(%)

1 10

20 30 40

50 60 70

Ammonium sulfate concentration (%, w/v)

Figure 1. The effect of different (NH4)2SO4 concentrations on PPO enzyme distribution in TPP systems. The specific
activity of I purpurea crude extract is 4686 U mg! and the total protein amount is 1.4 mg. Equal volumes of
t-butanol were added to the mixtures prepared with different (NH4)2SO4 saturation at a ratio of 1.0:1.0 crude
extract: t-butanol. The bottom phase formed in all systems were collected and analyzed. Insets, Effect of
ammonium sulfate saturation on PPO partition into the bottom and middle phases.

Sekil 1. Farkli (NH4)2SO: konsantrasyonlarinin TPP sisteminde PPO enzim dagilimina etkisi. I purpurea ham
ekstraktinin spesifik aktivitesi 4686 U mg, toplam protein miktari ise 1.4 mg olarak hesapland:. Farkli
(NH)280; doygunlugu ile hazirlanan karisimlara ham ekstrakt: t-butanol orani 1.0°1.0 olacak sekilde esit
hacimlerde t-butanol ilave edildi. Tiim sistemlerde olusan alt fazlar toplandi ve analiz edildi. Ekli kiigiik
resim, Amonyum stilfat doygunlugunun PPO'nun alt ve orta fazlara dagilimina etkisi.

C—Purification fold
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Figure 2. The effect of different crude extract: t-butanol ratios on PPO enzyme distribution in TPP systems. The
specific activity of I. purpurea crude extract is 4686 U mg. The total protein amount is 1.4 mg. t-Butanol
was added to the mixtures prepared at 30% (w/v) (NH1)2SO4 saturation to obtain different crude extract: t-
butanol ratio. The bottom phase formed in all systems were collected and analyzed.

Sekil 2. Farkli ham ekstrakt't-butanol otanlarinin TPP sisteminde PPO enzim dagilimina etkisi. I. purpurea ham
ekstraktinin spesifik aktivitesi 4686 U mg’, toplam protein miktari ise 1.4 mg olarak hesaplandi. %30 (w/v)
(NH)250; doygunlugunda hazirlanan karisimlara t-Butanol ilave edilerek farkli ham ekstrakt't-butanol
oranlari elde edildi. Tiim sistemlerde olusan alt faz topland: ve analiz edildi.
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The last important parameter affecting the protein
enrichment and purification efficiency of TPP systems
is the system pH. This effect is generally associated
with changes in amino acid residues on the surface of
proteins due to pH changes. In general, the cleavage
of the target protein into the middle or aqueous phase
in the TPP system is mainly based on the isoelectric
point (Yan et al., 2018). The (NH4)2SO4 concentration
and crude extract: the t-butanol ratio was kept
constant in the systems to investigate the effect of the
system pH on the separation of PPO enzyme in
phases. Then, the system pH was adjusted to the
desired pH using 0.1 M sodium hydroxide (NaOH)

and 0.1 M hydrochloric acid (HCI). Figure 3 indicates
that the highest purification (10.5-fold) and the
highest recovery (57%) were observed at pH 7.5. As
shown in Figure 3, at pH 7.0 and 7.5 values, activity
recovery remained unchanged, but the purification
fold was increased when system pH was increased to
7.5. The moderate activity was also recovered when
the system pH adjusted to pH 5.0, 6.0, or 8.0. Below
pH 5.0, however, poor protein recovery and
purification fold were observed. This can be explained
by more hydrogen ions competing with the protein of
interest for interaction with water molecules (Chew et
al.,2019).
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Figure 3. The effect of the system pH on PPO enzyme distribution in TPP systems. The specific activity of I
purpurea crude extract is 4686 U/mg, and the total protein amount is 1.4 mg. Prepared systems
containing 1.0:1.0 crude extract t-butanol saturated with 30% (w/v) (NH4)2SOs were adjusted to
different pH. The bottom phase formed in all systems were collected and analyzed.

Sekil 3. Sistem ph'sinin TPP sisteminde PPO enzim dagilimina etkisi. I. purpurea ham ekstraktinin spesitik
aktivitesi 4686 U mg, toplam protein miktari ise 1.4 mg olarak hesaplandi. %30 (w/v) (NH)2S0.
doygunlugunda ve 1.0-1.0 oraninda ham ekstrakt't-butanol igerecek sekilde hazirlanan sistemler farkli
pH'a ayarlandi. Tiim sistemlerde olusan alt faz toplandi ve analiz edild].

In summary, the best purification of the PPO enzyme
was achieved from a TPP system consisting of 2 ml of
the crude enzyme (extracted from I. purpurea leaves)
saturated with 30% (w/v) (NH4)2S04 and 2 ml of t-
butanol at pH 7.5. A few PPO enzymes have been
purified through TPP with different purification folds
and yields. Niphadkar and Rathod (2015) and Alici
and Arabaci (2016) have reported 70% and 69%
activity recovery values of PPO corresponding to 6.3-
and 3.6-fold purifications, respectively. Yuzugullu
Karakus et al. (2020) and (2021) have reported 230%
and 120% activity recoveries of PPO corresponding to
14- and 20-fold purifications, respectively. In this
study, PPO was purified to a higher fold than potato
and borage PPO enzymes. However, the activity
recovery value of the enzyme was the lowest among
PPOs from other plants.

Activity Staining of PPO

Activity staining was performed to detect the enzyme
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activity on a native gel. After SDS-free
polyacrylamide gel electrophoresis (Kaptan, 2004),
the gel was stained according to the method reported
by Rescigno et al. (1997). The protocol was applied as
described in the Materials and Methods section.

As seen in Figure 4, a light pink band was observed
after staining with ADA (laccase substrate),
supporting the presence of laccase activity. Further
treatment of the gel with H202 (peroxidase substrate)
leads to an amaranth pink band appearance
corresponding to where laccase activity was observed
on ADA-stained gel. This indicated the presence of
peroxidase activity. Lastly, the gel was exposed to
tBC, resulting in dark blue color without any extra
band. The dark blue color indicates that tBC was
oxidized to corresponding quinones, and catechol
oxidase activity was detected at the same position as
laccase and peroxidase bands. Considering all results
obtained, it can be concluded that I purpurea PPO
exhibited laccase, peroxidase, and catechol oxidase
activities.
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Effect of Reaction pH on PPO Activity and Stability

The reaction pH is an important parameter that
affects enzyme activity by altering the enzyme’s net
charge, thereby affecting the enzyme’s solubility,
binding ability with different substrates/inhibitors,
and folding. Enzymes mostly become inhibited at
extreme pH values because they lose their ability to
fold (Panadare and Rathod, 2018). The effect of pH on
PPO activity was investigated at a broad pH range of

1

4.0 to 9.0 and presented in Figure 5A. Accordingly,
optimum pH was found at 7.0 using catechol as
substrate. Similarly, using catechol, PPO enzymes
from chest nut kernel, buriti, rosemary, mango,
banana, and peppermint were optimum at pH 7.0
(Table 4). The PPO enzyme maintained more than
60% of its initial activity over the pH range 5.0-9.0
(Figure 5A).

Figure 4. Gel view showing the activity staining results of I purpurea PPO with ADA (1), H202 (2), and tBC (3).
Sekil 4. I. purpurea PPO’sunun ADA (1), H20: (2), ve tBC (3) ile aktivite boyama sonuglarini gésteren jel
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Figure 5. Effects of reaction pH on 7. purpurea PPO activity (A) and stability (B). (A) Percent relative activities
measured at various pH values (4.0-9.0) at room temperature in citrate, phosphate, Tris-HCl, and
glycine-NaOH buffers. (B) Percent residual activities measured after pre-incubation of the PPO at pH
values between 4.0 and 9.0. The values are presented as means + SD.

Sekil 5. Reaksiyon pH'sinin I. purpurea PPO aktivitesi (A) ve stabilitesi (B) iizerine etkisi. (A) Sitrat, fosfat, Tris-
HCI ve glisin-NaOH tamponlari kullanarak farkli pH degerlerinde oda sicakliginda dlgiilen ytizde
relatif aktivite degerleri. (B) 4.0 ile 9.0 arasindaki pH degerlerinde hazirlanan tamponlarda PPO'nun
on inkiibasyonundan sonra olgiilen bagil aktivite yilizde degerleri. Degerler, ortalama + SD olarak

sunuldu.
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The pH stability of the PPO was also investigated by
preincubating the enzyme for 30 and 60 min at
various pH values between 4.0 and 9.0 and measuring
the residual activity at 30°C and pH 7.0 under
standard experimental conditions. As is shown in
Figure 5B, the enzyme was the most stable at pH 7.0.
An increase or decrease in pH above or below the

stability range leads to decreased enzyme activity.
From Figure 5B, it is also seen that more than 65% of
the residual activity was recovered at pH values of
6.0-9.0. However, only 26% and 56% of its residual
activity was maintained at pH 4.0 and 5.0,
respectively. This means the enzyme is more stable in
neutral and alkaline pH rather than acidic pH.

Table 4 Comparison of different plant PPOs in terms of pH and temperature optima
Cizelge 4. pH ve sicaklik optimumlari acisindan farkl bitki PPO'larinin karsilastirilmasi

Source Temperature pH Reference

Snake fruit 30°C 6.5 Zaini et al., 2013
Chestnut kernel 40°C 7.0 Gong et al., 2015
Honeydew peach 40°C 6.5-7.0 Liu et al., 2015

Buriti palm 35°C 7.0 de Oliveira Carvalho and Orlanda, 2017
Blueberry 35°C 6.1-6.3 Siddiq and Dolan, 2017
Plums 25°C 6.0 Tonita et al., 2017
Apricot 45°C 4.5 Derardja et al., 2017
Rosemary 30°C 7.0 Yuzugullu Karakus et al., 2020
Fennel 30°C 6.0 Yuzugullu Karakus et al., 2021
Mango 30°C 7.0 Wang et al., 2007
Banana 30°C 7.0 Unal et al.,2007
Peppermint 30°C 7.0 Kavrayan and Aydemir, 2001
Morning glory 30°C 7.0 Current study

According to literature studies, crude PPO extracted
from peppermint (Kavrayan and Aydemir, 2001),
pawpaw (Bello et al., 2011), grape (Kaya and Bagci,
2021), artichoke (Aydemir et al., 2003), and rosemary
(Yuzugullu Karakus et al.,, 2020) showed that the
PPO enzyme is more stable in the pH ranges of 6.0-
7.0, 6.0-8.0, 7.0, 6.0-8.0, 6.0-9.0, respectively. These
observations are similar to the findings of I. purpurea
plant, which shows that the enzyme is stable between
pH 6.0 and 9.0. However, it was observed that PPO
obtained from bush mango (Irvingia gabonnensis) had
more activity in the pH stability range of 3.5-5.5
(Bello et al., 2011). This is presumably due to the
existence of isoenzymes. Therefore, enzyme pH
stability may vary depending on the material.

Effect of Reaction Temperature on PPO Activity and
Stability

The reaction temperature is another critical factor
that plays an essential role in oxygen solubility in
reaction medium and affects reaction Kkinetics
(Panadare and Rathod, 2018). The effect of
temperature on PPO activity was tested at
temperatures between 20 and 70°C. Figure 6A
exhibited the optimum temperature for I purpurea
PPO enzyme was 30°C when catechol was used as
substrate. Similarly, PPO enzymes from snake fruit,
rosemary, fennel, mango, banana, and peppermint
were optimum at 30°C using catechol (Table 4). On
the other hand, the optimum temperature for some
plant PPOs can change from 25°C to 65°C depending
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on the enzyme source (Table 4). In this study, 93%
and 87% of initial PPO activities were recovered at
50°C and 60°C, respectively, while the enzyme
maintained 59% of its activity at 70°C (Figure 6A).

The thermal stability of the TPP-partitioned PPO was
tested by incubating the enzyme without substrate at
different temperatures for 30 and 60 min. The results
are given in Figure 6B, from which it can be seen that
the PPO enzyme is stable between 20 and 40°C and
maintained 40% of its residual activity after
incubation at 50°C for 60 min. On the other hand, the
enzyme was inhibited entirely after incubation for 60
min at 60°C. Likewise, cotton PPO was reported to be
inhibited after incubation for only 10 min at 60°C
(Kouakou et al., 2009).

CONCLUSIONS

In this study, the leaves of in vitro grown 1. purpurea
plant, which is used for ornamental and medicinal
purposes, were screened for their PPO activities.
Crude extract samples were obtained under optimized
conditions where the extraction medium was
prepared at pH 7.0 in the presence of 25 mg ml!
PVPP. Then, using the TPP system, the PPO enzyme
was purified 10.5-fold, with 57% recovery in a single
step. Optimum conditions for TPP included adding an
equal volume of t-butanol to the crude extract
saturated with 30% (w/v) (NH42S0s at pH 7.5.
Activity staining results indicated that the enzyme
exhibited laccase, peroxidase, and catechol oxidase
activities, supporting that the PPO enzyme from I.
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purpurea is  highly  functional. @ Biochemical
characterization studies revealed that the effect of
temperature and pH on enzyme activity resembles
other PPO enzymes obtained from different plant

120

sources. On the other hand, its stability in an alkaline
pH environment gives the enzyme advantage for
industrial use over other PPO enzymes.
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Figure 6. The changes in I purpurea PPO activity (A) and stability (B) due to the reaction temperature. (A) A
range of reaction temperatures between 20 and 70 °C at pH 7.0 were applied to test percentage
relative activity changes. (B) Multiple temperatures ranging from 20 to 70°C were applied on PPO to
test percent residual activity changes. The values are presented as means + SD.

Sekil 6. Reaksiyon sicakligina bagh olarak I purpurea PPO aktivitesi (A) ve stabilitesinde (B) gdzlenen
degigiklikler. Yiizde relatif aktivite degerindeki degismleri test etmek icin pH 7.0'da 20 1la 70 °C
arasinda bir dizi reaksiyon sicakligr uyguland:. (B) Yiizde bagil aktivite degerindeki degisikliklerini test
etmek igin PPO'va 20 ila 70°C arasinda degisen ¢oklu sicakliklar uygulandi. Degerler, ortalama + SD

olarak sunuldu.
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Effects of Pistacia terebinthus L. Subsp. palaestina and Rhus coriaria L. Plants on Some
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ABSTRACT Biochemistry

In this study, the therapeutic effects of Pistacia terebinthus L. subsp.

Palaestina (terebinth) and Rhus coriaria L (sumac) plants on DMBA- Research Article

induced breast cancer in 66 female Sprague-Dawley rats were : :

investigated through biochemical analysis. The rats were divided Artlc.le H1story.

into 6 groups as Control, DMBA (7.12-Dimethylbenzanthracene), PT Received ) 16.02.2022
(terebinth), RC (sumac), PT+DMBA and RC+DMBA. DMBA was  ‘:ccepted oLt
administered to 8-week-old rats via gavage, a single dose of 80 mg/kg Keywords

according to body weight. Aqueous extracts of terebinth and sumac
were given orally to rats in antioxidant groups 3 days a week.
In biochemical studies, changes in activities of the antioxidant

Biochemical parameters
Brain tissue
Breast cancer

enzymes CAT (catalase), GST (glutathione transferase), and SOD
(superoxide dismutase) in brain tissues as well as total protein, MDA
(malondialdehyde), GSH (glutathione), fatty acid, and vitamin levels
were determined. Total protein levels generally reduced in the
DMBA group compared to the control group (p<0.05)while the levels
of the MDA in the DMBA brain tissue groups elevated compared to
the control group and reduced in antioxidant groups (p<0.01;
p<0.001). Cholesterol levels and lipophilic vitamins were determined
by HPLC. Their grades were different in the DMBA and antioxidant
groups. Fatty acids were analyzed by GC. As a result of analysis,
fatty acids such as palmitic, palmitoleic, stearic, oleic, linoleic,
arachidonic, and docosahexaenoic were high in the tissues examined
(p<0.01; p<0.001). The fatty acid levels were also found to vary in the
DMBA and antioxidant tissue groups. These data suggest that
Pistacia terebinthus and Rhus coriaria plants can be used against
breast cancer and to reduce its negative outcomes, and studies
should be continued for their safe medical application.

Pistacia terebinthus
Rhus coriaria

Sprague-Dawley Sicanlarda Deneysel Meme Kanseri Modelinde Pistacia terebinthus L. Subsp
palaestina ve Rhus coriaria L. Bitkilerinin Beyin Dokusunun Bazi Biyokimyasal Parametreleri
Uzerindeki Etkileri

OZET Biochemistry
Bu ¢alismada, disi 66 Sprague-Dawley ratinda DMBA ile indiiklenen
meme kanserine karsi Pistacia terebinthus L. subsp Palaestina Aragtirma Makalesi
(terebinth) ve Rhus coriaria L. (sumak)nin iyilestirici etkileri
biyokimyasal olarak incelendi. Sicanlar, Kontrol, DMBA (7.12-  Makale Tarihgesi
Dimetilbenzantrasene), PT (menengic), RC (sumak), PT+DMBA ve Gelis Tarihi  *16.02.2022
RC+DMBA olmak tizere 6 gruba ayrildi. DMBA, vicut agirliklarina Kabul Tarihi :18.07.2022
gore, tek doz 80 mg/kg olacak sekilde, gavaj yoluyla, 8 haftalik disi

Anahtar Kelimeler

Sprague-Dawley sicanlara uygulandi. Antioksidan gruplarindaki
ratlara oral yolla menengi¢ ve sumak’in sulu ekstraktlari verildi.
Biyokimyasal ¢alismalarda beyin dokusunda antioksidan enzimler
olan CAT (katalaz), GST (glutatyon transferaz) ve SOD (siiperoksit
dismutaz) aktivitelerindeki degisiklikler, total protein, MDA,

Beyin dokusu
Biyokimyasal parametreler
Meme kanseri

Pistacia terebinthus

Rhus coriaria
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(malondialdehit) GSH (glutatyon), yag asidi ve vitamin diizeyleri
belirlendi. Toplam protein seviyelerinin genellikle DMBA grubunda
kontrole gore azaldigi gozlendi (p<0.05). DMBA beyin dokusu
gruplarindaki MDA seviyeleri kontrol grubuna goére arttigi
antioksidan gruplarinda azaldigi saptandi (p<0.01; p<0.001).
Kolesterol seviyeleri ve lipofilik vitaminler HPLC ile belirlendi.
DMBA ve antioksidan gruplarinda bunlarin derecelerinin farklh
oldugu goruldu. Yag asitleri GC ile analiz edildi. Analiz sonucunda
dokularda palmitik, palmitoleik, stearik, oleik, linoleik, arasidonik,
dokosaheksaenoik gibi yag asitlerinin yiiksek oldugu bulundu
(p<0.01; p<0.001). Bu yag asidi seviyeleri DMBA ve antioksidan

doku gruplarinda degisiklikler gosterdi.

Bu veriler,

Pistacia

terebinthus ve Rhus coriaria bitkilerinin meme kanseri ve

olumsuzluklarina karsi

bir uygulama olarak kullanilabilecegi,

glivenli tibbi uygulamasi i¢in ¢alismalarin surdirilmesi 6nerilir.
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INTRODUCTION

International Agency for Research on Cancer reports
that breast cancer is the most common cancer
diagnosed among women and this cancer type is one
of leading causes of death in them (Globocan, 2018;
Sheokand et al., 2019).

The mortality rate of female breast cancer is 11.6% all
over the world (Globocan, 2018). In the majority of
countries (154 countries), breast cancer is the most
common cancer in women in terms of new cases. The
mortality profile among women was more
heterogeneous, and breast cancer is the leading cause
of cancer deaths in 103 countries (Globocan, 2018).

Some chemotherapy medications (paclitaxel,
cyclophosphamide, carboplatin, and cisplatin) have
also been commonly used in breast cancer treatments
(Guerrero et al.,, 2010). Breast cancer cells tend to
resist chemotherapeutic agents with different signal
responses (Mundhe et al., 2015).

Epidemiological studies on diet and cancer have led to
Investigate anticarcinogenic agent-like nutraceuticals
(Sheokand et al., 2019). Most cancer treatments
include surgery, radiotherapy, chemotherapy, and
immunotherapy. New chemotherapeutic agents and
molecular-targeted drugs contribute to cancer
treatment, but their toxicity and drug resistance
result in the failure of chemotherapy. Therefore,
researchers strive to discover few toxic and efficient
bio-components for cancer therapy. In this regard,
some herbs have played a leading role as an
alternative in the discovery of new cancer
preventative molecules (Icen et al., 2015).

Among medicinal plants, Pistacia terebinthus L. and
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Rhus coriaria L. species belong to the Anacardiaceae
family, which is wused in alternative medicine.
Extracts obtained from Rhus coriaria are used as
pharmaceuticals (Verzele et al., 1985). It is reported
that R. coriaria has anti-cancer activity and is a
promising alternative treatment candidate (EI
Hasasna et al., 2016).

The effects of Pistacia terebinthus subsp. palaestina
(terebinth), that it has the high antioxidant capacity
and antioxidant properties, and effects of Rhus
coriaria (sumac), that it has a chemotherapeutic
treatment potential with its strong anti-breast cancer
activity on biochemical parameters in brain tissue in
DMBA-induced breast cancer model in rats were
aimed in this work.

MATERIALS and METHODS

Animals and experimental protocols used in the study
were approved by the Local Animal Experiments
Ethics Committees of Firat University (Elazig,
Turkey). Animal maintenance and experimental
protocols were carried out in accordance with the NIH
Guide for the Care and Use of Laboratory Animals
(NIH publication no. 12.10.2016/181). Sixty-six
healthy adult female Sprague-Dawley rats, aged 8
weeks were obtained from Firat University
Experimental Research Center (Elazig, Turkey). The
animals were kept in the polycarbonate cages with a
12-h/12-h day/night cycle, at temperature of 22+3°C,
with humidity of 45% to 65%. Throughout the
experiment, the animals were regularly fed with a
commercial diet (Elazig Food Corporation, Elazig,
Turkey) ad libitum.

One of the groups was the control group. The other
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groups were DMBA group (n=15), Pistacia
terebinthus group (PT) (n=7), Rhus coriaria group
(RC) (n=7), DMBA+ Pistacia terebinthus group
(DMBA+PT) (n=15), DMBA+ Rhus coriaria group
(DMBA+RC) (n=15). In the DMBA group 80 mg kg
7.12-dimethylbenz(a)anthracene was administered as
a single dose according to Mundhe et al., (2015).

Pistacia terebinthus and Rhus coriaria extracts of 20
mg kgl were added to 500 mL drinking water of the
rats once per week (Chakraborty et al., 2009; Saglam
et al., 2014). These treatments continued for 16 weeks
and then each subject was decapitated with ether.
Their brain tissue samples were dissected and stored
at -85°C until biochemical analyses.

Preparation of homogenates

Tissue samples were homogenized in Tris-HCI buffer
(pH 7.4) and centrifuged at 9050xg at 4°C for 15 min.
Supernatants were gathered, processed, and stored at
-70°C until they were used to identify MDA,
glutathione (GSH), antioxidant enzymes (CAT, SOD
and GST), and total protein. The pellets were used for
ADEK vitamins, cholesterol, and fatty acid analysis.

Determination of MDA-TBA level

Lipid peroxidation was calculated as specified by
Ohkawa et al., (1972).

Determination of GSH level in tissue samples

Reduced glutathione (GSH) was measured according
to Ellman's (1959).

Lipid extraction

Hexane-isopropanol (3:2 v v!) was used for lipid
extractions of tissue samples according to Hara and
Radin (1978). Fatty acids in the lipid extracts were
converted into methyl esters including 2% sulphuric
acid (v v'1) in methanol (Christie, 1999). Analysis of
fatty acid methyl ester was performed in a Shimadzu
GC-17A instrument gas chromatograph equipped
with a flame ionization detector (FID) and a 25 m,
0.25 mm i.d.permabond fused-silica capillary column
(Macherey-Nagel, Germany). The oven temperature
was set between 145-215°C, 4°C/min. Temperatures
Injector and FID were 240 and 280°C, respectively.

The results were calculated as mg/g tissue.

Saponification and extraction

Alpha-tocopherol and cholesterol were obtained from
the lipid extracts according to Sanchez-Machado et
al., (2004). They were identified by HPLC device.

Total protein assay

Total protein of the brain tissue was measured
according to Lowry et al., (1951). For this purpose,

BSA (Bovin serum albumin) was used as standard.
The absorbance was measured at 750nm as
spectrophotometric.

Antioxidant Enzymes Analysis

Superoxide dismutase (SOD) (EC 1.15.1.1) activity
was performed in terms of its capacity to inhibit the
oxygen-dependent oxidation of adrenalin
(epinephrine) to adrenochrome by xanthine oxidase
plus xanthine (Panchenko et al., 1975).

Glutathione S-transferase (GST) (EC 2.5.1.18)
activity was determined spectrophotometrically at
340 nm (Bell et al, 1985). As a result of
decomposition of hydrogen peroxide (H202) with
catalase, the decrease in absorbance at 240 nm was
utilized to calculate catalase activity (Aebi, 1984).

Statistical analysis

One-way analysis of variance (ANOVA) and Post Hoc
Tukey-HSD test were used to determine differences
between the groups. Results are presented as mean
+S.E.M. Values were considered statistically
significant at the level of p<0.05. The SPSS/PC
program (Version 15.0; SPSS, Chicago, IL) was used
for the statistical analysis.

RESULTS and DISCUSSION
Protein Values

Table 1 shows protein values of the brain tissue.
When compared with the control group, a significant
decrease (p<0.05) was observed in the DMBA group,
but the changes in other groups were not statistically
significant (p>0.05).

Table 1. Protein content of brain tissue (mg g')
Cizelge 1. Beyin dokusunun protein igerigi (mg g2)

GROUPS PROTEIN (mg g™
C 30.97+0.76

DMBA 27.88+0.50b

PT 31.11+1.132
PT+DMBA 29.95+0.55a

RC 30.01+0.592
RC+DMBA 29.29+0.372
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d: p<0.001; ¢t p<0.01; b: p<0.05; a: p>0.05

The findings of the present study indicated that total
protein levels of brain tissue significantly decreased
in the DMBA group compared to the control group
(p<0.05). Also, the differences in the other groups
were not statistically significant (p>0.05). In another
study, DMBA administration decreased total protein,
albumin, and globulin levels while organoselenium
compounds significantly increased total protein and
albumin levels (Ozdemir et al., 2007). In a study, the
effects of cat's claw (Uncaria tomentosa), rosemary
(Salvia rosmarinus), and hops (Humulus lupulus)
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plants against hepatic toxicity induced by 7.12-DMBA
were determined (El Kholy et al., 2013). As a result of
the DMBA applications, serum and liver total
proteins, total albumin, and globulin amounts
significantly decreased. There was a significant
decrease in serum total proteins, total albumin,
globulin and liver total protein in the DMBA group.
On the other hand, in addition to serum albumin and
globulin, a remarkable improvement was observed in
serum and hepatic total protein with the
supplementation of these plants to rats treated with
DMBA (El1 Kholy et al., 2013). In this study, total
protein decreased with the application of DMBA.
When DMBA and plant extracts were applied
together, it was understood that the total protein
content increased.

MDA Values

Table 2 shows MDA values of the brain tissue. While
a significant decrease was found in MDA values of
RC, PT+DMBA and RC+DMBA groups (p<0.01;
p<0.001), there was a significant increase in the MDA
value of DMBA group (p<0.05). However, the
difference in the PT group was insignificant (p>0.05).

Table 2. MDA contents of the brain tissue (nmol gr'1)
Cizelge 2. Beyin dokusunun MDA igerigi (nmol gr'!)

GROUPS MDA (nmol gr!)
C 170.70+12.74
DMBA 181.13+6.66P
PT 174.02+17.422
PT+DMBA 140.01+8.08¢
RC 110.79+9.374
RC+DMBA 132.31+7.98¢

d: p<0.001; ¢t p<0.01; b: p<0.05; a: p>0.05

When the MDA level of the brain tissue was
examined in the present study, an important increase
was observed in the DMBA group when compared to
the control group (p<0.05). There were significant
decreases in some antioxidant groups (p<0.01;
p<0.001). The amount of malondialdehyde detected in
the circulation is higher in advanced stages of breast
cancer than the value reported in its early stages
(Zarrini et al., 2016). It was also stated that the
amount of the MDA determined in breast cancer
patients was higher than the value of the control
group patients (Coughlin, 2018). In the present
study,, the increase in the amount of the MDA in the
DMBA groups was associated with oxidative stress.
Oxidative stress plays a role in the development and
metastasis of breast cancer (Jezierska-Drutel et al.,
2013). It was also determined that the MDA level
decreased in the antioxidant groups. P. terebinthus
are effective in the fight against oxidative stress.

GSH Values

Table 3 shows GSH values of the brain tissue. When
examining GSH values based on the control group, it
was found that there was a significant decrease in the
DMBA, PT, PT+DMBA and RC+DMBA groups
(p<0.001; p<0.01), but no statistically significant
difference in the RC group (p>0.05).

Table 3. GSH values of the brain tissue (ug gr?t)
Cizelge 3. Beyin dokusunun GSH degerleri (ug gr!)

GROUPS GSH (ug gr?)
C 121.91+6.69
DMBA 96.15+1.77¢
PT 106.64+7.24P
PT+DMBA 99.82+3.36¢
RC 126.46+13.682
RC+DMBA 92.13+4.454
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d: p<0.001; ¢t p<0.01; b: p<0.05; a: p>0.05

Glutathione level in brain tissue significantly
decreased in the DMBA group (p<0.01). Likewise, a
significant decrease (p<0.001) was detected in the
RC+DMBA group. While GSH deficiency or a
decrease in GSH/GSSG ratio causes an increased
susceptibility to oxidative stress in advanced stage
cancer. High GSH levels in most cancer cells support
the antioxidant capacity and thus the defense
mechanism against oxidative stress (Traverso et al.,
2013). The fact that the amount of glutathione in the
brain tissue in the DMBA groups was less than the
amount of the control group is evidence of oxidative
stress in the cancer groups.

Antioxidant Enzymes Activities

Catalase, glutathione S transferase and superoxide
dismutase enzyme levels of the brain tissue were
examined (Table 4). When the catalase enzyme was
examined in the groups, the analysis revealed that
the amount of enzyme decreased in all groups and
this decrease was more significant in the RC+DMBA
group (p<0.001). When the GST enzyme of the groups
was compared with the value of the control group, it
was observed that while the DMBA group showed a
significant  decrease (p<0.001), no statistical
differences were found in the other treatment groups
(p>0.05).

SOD enzyme activities were calculated as %
inhibition and unit. There was a significant decrease
in PT+DMBA and RC+DMBA groups (p<0.01) and a
significant increase in the PT group in terms of the
SOD level (p<0.05); whereas, there was no statistical
difference in the RC group (p>0.05).

Antioxidant enzymes have important tasks against
the negative effects of free radicals in cells. GST, one
of these enzymes, is effective in the detoxification of
carcinogenic and reactive oxygen species (Shokrzadeh
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et al., 2019). It has been reported that the GSTP1
protein level is very low in the human breast cancer
cell line MCF-7 (Dong et al., 2019). Similarly, in the
study, it was determined that the GST activity in the

Table 4. CAT, GST and SOD activities of brain tissue

brain tissue was lower in the DMBA groups than the
control group and this finding is compatible with the
literature.

Cizelge 4. Beyin dokusunun KAT, GST ve SOD aktiviteleri

GROUPS Catalase Glutathione S}lperoxide S}lperoxide
(ug! ml1dk) Transferase dlsmutase dismutase
(ng't ml-1dk) (% Inhibition) (Unit)
C 202.79+17.20 14.72+1.21 32.65+2.41 16.72+1.26
DMBA 156.77+4.85¢ 8.45+0.434 28.60+0.87P 14.91+0.56P
PT 152.32+20.52¢ 13.82+1.77a 36.58+3.07P 19.72+1.95P
PT+DMBA 165.90+5.93b 14.07+0.932 25.76+1.15¢ 13.23+0.55¢
RC 166.18+10.90b 11.91+1.23b 30.46+1.382 15.68+0.72a
RC+DMBA 152.08+6.534 13.36+0.77a 25.744+0.84¢ 13.34+0.35¢

d: p<0.001; ¢t p<0.01; b p<0.05; a: p>0.05

Another enzyme, CAT, acts as a protector against
damage that occurs under oxidative stress conditions.
Catalase frequently decreases in tumor tissues
compared to normal tissues. Available data indicate
that catalase activity severely reduces in human
breast carcinoma cell line MCF-7 cells compared to
normal healthy ones (Glorieux et al., 2018). In the
present study, it was concluded that the level of
catalase in the brain tissues was lower in the DMBA
groups than the control group. The results of the
present study are consistent with the literature.

In a study investigating the role of superoxide
dismutase (SOD), an important member of enzymatic
antioxidants in breast cancer, it was found that
metformin significantly reduced the ROS levels and
upregulated the SOD isoforms (Sharma and Kumar,
2018). The results of the present study indicated that
the SOD level in the brain tissue was lower in the
DMBA groups when compared to the control group. In
the antioxidant groups, higher levels of the SOD
enzyme activity were determined.

Cholesterol levels and ADEK vitamins

Table 5 shows cholesterol levels and vitamins A, D, E,
K in brain tissue. When the groups were examined in
terms of these variables, it was detected that while a
significant increase was found in the levels of D3, a-
tocopherol, and B — Sterol (p<0.01; p<0.001), a
significant decrease was found in the levels of 6-
tocopherol, ergosterol, and stigmasterol (p<0.05);
however, no statistical difference was seen in the
level of D2 (p>0.05).

The PT group showed a significant increase in terms
of a-tocopherol, D2, cholesterol, ergosterol, B-sterol
levels (p<0.01; p<0.001) and a significant decrease in
stigmasterol level (p<0.05).

The PT+DMBA group showed a significant increase
in terms of a-tocopherol, K2, B-Sterol levels and a
significant decrease in amounts of K1, cholesterol, &-
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tocopherol, and stigmasterol (p<0.001; p<0.01).

A significant decrease was found in the RC group in
terms of K1, cholesterol, and &-tocopherol levels
(p<0.001); on the other hand, the same group had a
significant increase in stigmasterol, B-Sterol, and
retinol levels; besides, no statistical difference was
found in the changes of K2, D2, D3, a-tocopherol, and
ergosterol levels (p>0.05).

While there was a significant increase in D3, a-
tocopherol levels of the RC+DMBA group, a
significant decrease was detected in its cholesterol
and §-tocopherol amounts (p<0.001; p<0.01).

Some diseases are related to vitamin levels. A study
reported that there was a relationship between breast
cancer and vitamin D concentrations in both animal
models and cell lines (De La Puente-Yagiie et al.,
2018). In addition, high amounts of 25-
hydroxyvitamin D cause a significant decrease in the
postmenopausal incidence of breast cancer (Abbas et
al., 2009). And lipophilic vitamins are important for
many physiological events especially in immunity.

Vitamin D induces apoptosis, stimulates cell
differentiation, and  provides inhibition  of
angiogenesis, invasion and metastasis with its anti-
inflammatory and antiproliferative properties (De La
Puente-Yague et al., 2018). There is a correlation
between vitamin D deficiency and different types of
diseases including oncological diseases such as breast,
colorectal, and prostate cancer (Garland et al., 2006).

Fatty Acids Values

The PT group showed a significant decrease in 15:1,
16:1, 18:0, 18:1, 24:0, 24:1 levels (p<0.01; p<0.001)
and had a significant increase in 14:0, 22:0 levels
(p<0.05) (Table 6).

There was a significant decrease in the PT+DMBA
group in terms of 15:1, 16:1, 17:1, 18:0, 18:1, 18:2
levels (p<0.001; p<0.01; p<0.05); whereas, a
significant increase was found in 18:1, 22:0, 24:1
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levels of this group. Moreover, no statistical
significance was found in the changes of 14:0, 16:0,
17:0 levels (p>0.05).

A significant increase was found in the RC group in
terms of 14:0, 18:2, 22:0 levels; on the other hand,
there was a significant decrease in this group’s 16:1,

18:1 and 24:1 fatty acid amounts (p<0.001; p<0.05).
While there was a significant decrease in 15:1, 16:1,
18:0, 18:1, 18:2, 24:1 levels in the RC+DMBA group
(p<0.01); a significant increase was observed in 16:0,
18:1 and 22:0 levels.

Table 5. Cholesterol and A, D, E, K vitamins values of the brain tissue (ug g’
Cizelge 5. Beyin dokusunun kolesterol ve A, D, E, K vitemin degerleri (ug g'1)

Vitamins/Sterols CONTROL DMBA PT PT+DMBA RC RC+DMBA
K-2 3.72+0.25 3.95+0.362 3.95+0.392 5.11+0.46P 4.19+0.382 4.744+0.29b
6-Tocopherol 5.71+0.99 4.03+0.62P 4.63+0.442 3.79+0.14¢ 3.24+0.43¢ 3.45+0.27¢
D-2 1.02+0.12 1.40+0.19a 1.98+0.49¢ 1.29+0.12a 0.96+0.212 0.94+0.142
D-3 0.36+0.05 0.94+0.11¢ 0.68+0.322 0.57+0.072 0.47+0.082 1.27+0.164
a-Tocopherol 10.87+1.23 22.95+3.69¢  33.08+3.984 27.47+4.304  10.14+1.142  20.16+1.73¢
Ergosterol 20.25+5.03 15.93+1.78>  25.59+1.76P 21.85+1.672  17.16+1.732  21.81+1.51a
K-1 2.69+0.23 1.38+0.254 2.72+0.182 2.18+0.17> 1.27+0.314 2.49+0.192
Cholesterol 1038.55+2.77 847.31+0.60¢ 1121.57+3.614 940.22+0.574 984.90+2.464 940.30+0.734
Stigmasterol 6.71+3.21 1.95+0.51b 1.81+0.33b 1.02+0.32¢ 14.95+8.21¢ 5.33+4.462
B - Sterol 0.15+0.11 8.95+3.624 2.37+0.73b 1.244+0.29b 5.94+1.27¢ 1.184+0.25b
Retinol 0.03+0.002 0.03+£0.0012 0.02+0.0052 0.03+£0.0072 0.06+0.015¢ 0.03+0.0012

d: p<0.001; ¢t p<0.01; b p<0.05; a: p>0.05

Table 6. Fatty acids values of brain tissue (%)

Cizelge 6. Beyin dokusunun yag asidi degerleri (%)
Fatty Acids CONTROL DMBA PT PT+DMBA RC RC+DMBA
14:0 0.11+0.006 0.12+0.0052  0.14+0.01P 0.11£0.0082 0.13+0.01 0.10£0.0052
15:1 2.27+0.05 1.79+0.13¢ 1.94+0.15P 1.47+0.10d 2.02+0.172 1.47+0.07d
16:0 17.62+0.26 17.15+£0.11b 17.97+0.152 17.64+0.172 17.94+0.162 18.04+0.13P
16:1. n-7 1.03+0.05 0.81+0.024 0.93+0.05b 0.76+0.044 0.88+0.03b 0.73+0.034
17:0 0.32+0.02 0.29+0.009>  0.32+0.01= 0.34+0.022 0.33+0.0022 0.32+0.012
18:0 16.41+0.29 9.13+2.29¢ 10.85+3.27¢ 11.94+2.41¢ 16.91+0.372 14.63+1.63P
18:1. n-7 15.25+4.82 12.97+3.20P 9.12+3.76¢ 19.59+1.60¢ 3.17+0.124 21.424+0.13¢
18:1. n-9 20.31+0.34 17.82+0.63P 16.41+0.92b 16.97+0.44P 20.69+0.142 17.30+1.21P
18:2. n-6 0.90+0.04 0.75+0.02¢ 0.90+0.062 0.87+0.04" 1.18+0.294 0.79+0.02¢
22:0 0.30+0.03 0.33+0.022 0.42+0.07> 0.48+0.01¢ 0.57+0.054 0.40+0.02b
24:0 1.36+0.19 0.45+0.074 0.43+0.114 0.44+0.024 0.38+0.044 0.79+0.22¢
24:1 0.68+0.07 0.68+0.042 0.50+0.044 0.7840.19¢ 0.48+0.024 0.60+0.03¢

d: p<0.001; ¢: p<0.01; b: p<0.05; a: p>0.05; myristic acid (14:0); pentadecanoic acid (15:0); pentadecenoic acid (15:1); palmitic
acid (16:0); palmitoleic acid (16:1 n-7); heptadecanoic acid (17:0); heptadecenoic acid (17:1); stearic acid (18:0); oleic acid (18:1
n-9); linoleic acid (18:2 n-6); linolenic acid (18:3 n-3); behenic_acid (22:0); nervonic acid (24:1); saturated fatty acids (SFA);
monounsaturated fatty acids (MUFA); polyunsaturated fatty acids (PUFA); unsaturated fatty acids (USFA)

Polyunsaturated fatty acids in cholesterol esters,
phospholipids, and triglycerides are affected by
oxidation caused by free radicals and participate in
chain events that cause damage to biomolecules.
Brain tissue has a large amount of cholesterol. The
present results of the study indicated that the level of
cholesterol in the brain tissue of cancerous rats
decreased in the groups containing plant extracts
than in the control group and plant extracts reversed
this situation.

Lipids are substances with a wide structural diversity
covering many cytological and pathological
metabolisms such as breast cancer.

as in
can be wused for

Most lipids act as secondary messengers,
tumors. In this way, lipids
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pathophysiology, therapy, and diagnosis of diseases.
Changes in lipid metabolism can be detected in cancer
cells in the early stages of malignancy (Kawashima et
al., 2013).

In a study on the development of human breast
cancer cells and lipid profile, it was reported that
omega-6 polyunsaturated fatty acids (n-6 PUFA)
promoted development of breast tumor and
metastasis while long-chain n-3 polyunsaturated fatty
acids exhibited suppressive effects. In addition, the
ratio of n-6 to n-3 fatty acids was seen as an
important factor in the control of tumor growth.
Dietary intake of n-3 PUFA may alter breast cancer
risk factors. The addition of fish oil n-3 PUFAs such
as eicosapentaenoic acid (20:5 n-3, EPA) and
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docosahexaenoic acid (22:6 n-3, DHA) to culture
media or animal diets suppress tumor cell
proliferation and increase apoptosis by multiple
mechanisms (Ge et al., 2002).

Linoleic and linolenic acids are known as essential
fatty acids. The essential fatty acid consists of A6 and
A5 desaturase enzymes. A6 desaturation is added to
this acid. As a result of the activities of these
enzymes, Y-linoleic, eicosatrienoic, arachidonic,
docosapentaenoic, and docosahexaenoic acids formed.
Researchers reported that linoleic acid and linolenic
acid should be taken with diet and arachidonic acid
would be synthesized from 18:2 and 18:3 (Rule et al.,
1994). Polyunsaturated fatty acids are important
structural components by imparting fluidity and
selective permeability to membranes (Horrobin 1993).

CONCLUSION

Oxidative stress occurs if antioxidants cannot
scavenge free oxygen radicals (Zarrini et al., 2016),
resulting in cancer and other chronic diseases. Breast
cancer develops as a result of abnormal changes that
occur in breast cells (Kumar et al., 2013). Treatment
options for breast cancer include surgery,
radiotherapy, chemotherapy, and immunotherapy.
New chemotherapeutic agents and molecular-targeted
drugs contribute to cancer treatment. However, the
toxicity of these drugs and the drug resistance
prevent chemotherapy from achieving the desired
result. Less toxic and more effective bio-compounds
have gained importance for treatment. Medicinal
plants have come to the fore for the development of
new anticancer agents (Icen et al., 2015).

Pistacia terebinthus L. and Rhus coriaria L. are
species belonging to the Anacardiaceae family
(cashew family) and they are used in alternative
medicine. Extracts derived from Rhus coriaria are
used as pharmaceuticals (raw materials of medicines)
(Verzele et al., 1985). R. coriaria has an anticancer
activity and is a promising alternative treatment

candidate (El Hasasna et al., 2016). Pistacia
terebinthus L. fruit extracts are used for
anticarcinogenic, antioxidant, antimicrobial, and

antimutagenic purposes in alternative medicine
(Germano et al., 2002; Tesoriere et al., 2007; Kulisic
et al.,, 2012). This study revealed the effects of P.
terebinthus and R. coriaria on some biochemical
parameters of brain tissue of rats with
experimentally-induced breast cancer.

The results of the present study showed that the
herb suspensions exerted anti-cancer effects and
consequently may alleviative brain damage caused by
DMBA-induced breast cancer. However, it was
observed that they were not sufficiently effective
especially on enzymatic activities at molecular level.
In the light of the findings of the present study, it is
concluded that these plants can be used for follow-up
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and treatment of cancer patients. Pistacia terebinthus
and Rhus coriaria plants can be used in the fight
against oxidative stress in breast cancer. Both plants
can give positive results in similar cancer cases.
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ABSTRACT

In order to determine the water quality of the Mert Stream, algal
indicators and some biological indices (TDI, IDG, PTI, Palmer,
DAIpo) based on phytoplankton species were used. Phytoplankton
samples were performed monthly from six different sites at a depth
of 0.5 meter using a one-litre water sampler between July 2011 and
June 2012. After phytoplankton samples were placed in 250-mL dark
bottles and fixed with Lugol’s solution until processed in the
laboratory, they were identified and counted in the tubular plankton
counting chambers using an inverted microscope according to
Utermohl method. Bacillariophyta members became the dominant
division in the phytoplankton with an abundance rate of 83.3% and
71 taxa. Lindavia glomerata, Navicula cryptocephala, Cyclotella
planctonica, and Navicula veneta were determined as the most
dominant species among phytoplanktonic taxa of Mert Stream.
Trophic diatom index (TDI) and Generic diatom index (IDG) based on
planktonic diatoms were used to determine the trophic status of the
Mert Stream. Pollution tolerance index (PTI), Diatom assemblage
index (DAIPo) and Palmer index were also included to assess the
organic load-based sabrobity level of the Mert Stream. According to
the results of mean TDI and IDG (55 and 13, respectively), the
trophic status of the Mert Stream is a mesotrophic structure with
moderate nutrients and good water transparency. According to the
average PTI result (2.7), Mert Stream is in the B-mesosaprobic class,
which corresponds to moderate pollution. Considering DAIpo indice,
the saprobity of Mert stream is a-oligosaprobic level and the stream
1s not exposed to a serious organic-based pollution. However,
according to the Palmer index, all stations of the Mert Stream except
the 6th station are under the threat of high organic pollution. In
present study, it was seen that the best biological index that reflects
the station-based trophic structure of the stream is IDG, and the best
biological index that reflects the station-based organic pollution of the
stream is PTT.
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Mert Irmag Su Kalitesindeki Mekansal ve Zamansal Degigsimlerin Fitoplankton Toplulugu ve

Biyolojik Indeksler Yardimiyla Belirlenmesi
OZET

Mert Irmagi'nin su kalitesini belirlemek igin, algal indikatorler ve
fitoplankton temelli bazi biyolojik indeksler (TDI, IDG, PTI, Palmer,
DAIpo) kullanilmistir. Fitoplankton érneklemeleri, Temmuz 2011 ile
Haziran 2012 arasinda bir litrelik su o6rnekleyici kullanarak alt
farkli noktada 0.5 metre derinlikten aylik olarak gerceklestirildi.
Fitoplankton ornekleri 250 mlL’lik koyu renkli kaplara konup
laboratuvara tasinincaya kadar Lugol ¢6zeltisi ile fikse edildikten
sonra Utermohl metoduna gore inverted mikroskoba yerletirilen
tupsi plankton sayim ¢emberlerinde teghisleri ve sayimlar: yapildi.
Bacillariophyta tyeleri % 83.3lik bolluk orami ve 71 takson ile
fitoplanktonun baskin divizyosu olmustur. Lindavia glomerata,
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Navicula cryptocephala, Cyclotella planctonica ve Navicula veneta
Mert Irmagindaki fitoplanktonik taksonlar arasinda en baskin
turler olarak belirlenmigtir. Mert Irmagi'min trofik durumunu
belirlemek i¢in planktonik diyatome temelli Trofik diatom indeksi
(TDD ve Genel diatom indeksi (IDG) kullamildi. Mert Irmagi'nin
organik yik temelli sabrobite seviyesini degerlendirmek igin ise
Kirlilik tolerans indeksi (PTI), Diatom topluluk indeksi (DAIPo) ve
Palmer indeksi dahil edildi. Ortalama TDI ve IDG sonugclarina gore
(sirasiyla 55 ve 13), Mert Irmaga trofik durumu, orta diizey besin ve
iyi su seffafligina sahip mezotrofik bir yapidir. Ortalama PTI
sonucuna gore (2.7), Mert Irmag orta diizey kirlilige karsilik gelen B-
mezosaprobik siniftadir. DAIpo indeksi dikkate alindiginda, Mert
Irmaginin saprofikligi a-oligosaprobik diizeyde olup irmakta organik
kaynakli ciddi bir kirlilik s6z konusu degildir. Fakat, Palmer
indeksine gore Mert Irmagi’min 6. istasyon haricinde tum
istasyonlar: yiiksek organik kirlilik tehdidi altindadir. Bu ¢aligmada,
irmagin istasyon bazlhi trofik yapisini en iyi yansitan biyolojik
indeksin IDG, istasyon bazh organik kirliligi en iyi yansitan biyolojik

indeksin ise PTI oldugu gorilmustir.

To Cite : Maraghoglu F, Bektag S 2022. Characterization of Spatiotemporal Variations in Mert Stream Water Quality
by Phytoplankton Community and Biological Indices. KSU J. Agric Nat 25 (Ek Sayr 1): 42-53.
https://doi.org/10.18016/ksutarimdoga.vi.1055761
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Fitoplankton Toplulugu ve Biyolojik Indeksler Yardimiyla Belirlenmesi. KSU Tarim ve Doga Derg 25
(Suppl 1): 42-53. https://doi.org/10.18016/ksutarimdoga.vi.1055761

INTRODUCTION 2010; Solak 2011; Tokatli and Dayioglu, 2011;

The algae co-occur even though each species has

a specific niche based on its physiological
requirements and the constraints of the
environment. These are many detailed

descriptions of phytoplankton succession being
correlated with changes in environmental parameters
particularly temperature, light, nutrients
availability and mortality factors such as grazing
and parasitism. Because the variation of
phytoplankton succession is strongly linked to
meteorological and water stratification mixing
processes, patterns in temperate ecosystems differ
considerably from those of tropical waters (Wetzel,
2001). The dynamics of phytoplankton are a
function of some environmental processes that
affect species diversity. The abundance of algae of
different kinds is rather closely associated with
restricted seasonal periodicity, differing of course
in widely separated geographical locations (Smith,
1951).

All of the physical, chemical and biological properties
of the water constitute a water quality (Anonymous,
1999). The phytoplankton in a freshwater source is an
important biological indicator of the water quality.
Phytoplankton and algae monitoring is crucial
because monitoring based only on physical and
chemical analysis can be insufficient at times. Over
the last few decades, there has been much
interest in the processes influencing the
development of phytoplankton communities,
primarily in relation to water quality (Martin et al.,
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Delgado et al., 2012; Atic1 and Udoh, 2016; Temizel et
al., 2017; Maraglioglu et al., 2017; Maraghoglu and
Soylu, 2018; Tokath et al., 2020; Marasghoglu et al.,
2020).

Bioindicators have a number of advantages over
chemical assessments when it comes to
environmental monitoring has some general
advantages. The main advantages can be summarised
as the following; firstly, lowering the cost of sampling
and analysis on a regular basis (Wu et al., 2010),
secondly, the equipment is reasonably priced (Kienzl
et al., 2003), thirdly, a fairly simple analysis
(Zbikowski et al., 2007), fourthly, the likelihood to
discover both short-term changes in water quality and
long-term changes in the environment, and lastly,
sensitivity to a variety of environmental influences
(Stein et al., 2007). As a result, biological criteria are
increasingly being used in environmental assessment
and pollution monitoring around the world (Wu et al.,
2010).

The use of algae for biological monitoring of stream
water quality has a long history in Europe (e.g.
Butcher, 1947; Fjerdingstad, 1964). Trophic Diatom
Index (TDI), Generic Diatom Index (IDG), Pollution
Tolerance Index (PTI), Palmer Index, and Diatom
Assemblage Index are some of the regionally scaled
biocenotic indices to organic water pollution (DAIpo).
The trophic Diatom Index (TDI) was developed for
English streams and rivers (Kelly et al., 1995; revised
by Kelly et al., 2001) and has since been used in
Australia, Europe, North, and South America, and
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Asia (Prygiel and Coste, 1993; Lobo et al., 1995; Kelly
and Whitton, 1995; Juttner et al., 1996; Gémez and
Licursi, 2001; Newall and Walsh, 2005), and Turkey
(Giirbiiz and Kivrak, 2002; Solak, 2011; Tokatl, 2013;
Ongun-Sevindik and Kiigiik, 2016; Temizel et al.,
2017; Tokath et al., 2020; Marashoglu et al., 2020).
Rumeau and Coste (1988) proposed the generic
diatom index (IDG), which is likewise based on the
generic composition of assemblages. The pollution
tolerance index for diatom assemblages (PTI) shows
how  nutrient concentration affects diatom
assemblages and water trophic status (Anonymous,
2002). The PTI is similar to the trophic diatom index
(Kelly, 1998) and other diatom indices which use
relative abundance and eutrophication-tolerance
values assigned to taxa (Lange-Bertalot, 1979;
Watanabe et al., 1986). With the equation promoted
by Watanabe et al. (1981), the diatom assemblage
index to organic water pollution (DAIpo) is
determined considering the relative abundances of
taxa Dbelonging to saprophilous and saproxenous
species. The Palmer index is based upon the existence
of algal genera that have allowance to organic
pollution in aquatic structures (Palmer, 1969). Algal
genera that are sensitive to organic pollution are
given a fewer number, while algal genera that are
tolerant to organic pollution are given a greater
number.

Mert Stream is the most significant lotic ecosystem
for the Central Black Sea Region of Turkey and it is
well documented that this system is being exposed to
partial anthropogenic pressure by means of
agricultural and industrial applications conducted
around the watersheds (Bektas, 2016; Maraslioglu et
al., 2018; Marashoglu et al., 2020). The goal of this
qualitative study is to use phytoplankton assemblages
and biological indices (TDI, IDG, PTI, DAIpo, Palmer)
for estimating trophic structure, water quality, and
amount of organic pollution in Mert Stream. It is
expected that the research will contribute to current
knowledge of Turkey's ecology and freshwater algal
flora.

MATERIAL and METHODS
Study Site

The Mert Stream flows through the province of
Samsun in Turkey's Central Black Sea Region
(between 41°09'02"-41°17'04" N and 35°48'04"-
36°21'50" E). The stream is bordered on the west by
the Kizilirmak River Basin, on the south by the
Yesilirmak River Basin, and on the east by the Abdal
Creek Basin. Mert stream is vital to the region since
it serves as an irrigation source for several of the
settlements along the path. During the summer, the
stream's depth drops to less than 50 cm, but it rises to
4.5 meters in the winter (Bakan and Senel, 2000).
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Sampling Strategy

From July 2011 to June 2012, water samples were
performed monthly from 0.5-m depth at six sites using
a one-litre water sampler. Figure 1 depicts the six
sampling stations chosen from the Mert Stream to
represent the whole stream as well as the stream's
location. The sampling locations were chosen based
on the basin's potential for point and non-point
pollution loads, primarily from agricultural and light
industrial activities. Phytoplankton samples were
placed in 250-mL dark bottles and fixed with Lugol’s
solution (IKI) until processed in the laboratory. After
water samples taken from the field for counting
delivered to the laboratory, they were placed in 100
mL measuring cylinders for settling and 1-2 more
drops of Lugol’s solution were dropped on them.

Phytoplankton Analyses

Water samples put into tubular plankton chambers
depending on phytoplankton density, after standing
overnight by dropping lugol’s solution, counting
phytoplankton were made by wusing inverted
microscope (Utermohl, 1958). The average of three
countings from each station was utilized in the
evaluations. Every colony and threadlike creature
was treated as a distinct unit during the counting
process. Except for Bacillariophyta, the remaining
portion of the water sample was filtered using
Whatman GF/A glass fibre filter paper with a pore
size of 55 m, and the residue on the filter paper was
utilized to identify the algae. Among the planktonic
algae that were counted in the counting chambers,
some diatom species that could not Dbe
underdiagnosed due to the organic matter on
frustules were identified on permanent slides which
had been prepared according to the method of Della
Bella and Mancini (2009).

For the idetification of algal species Hustedt (1985),
Round et al. (1990), Hartley et al. (1996), Krammer
and Lange-Bertalot (1991a; 1991b; 1999a; 1999b), and
John et al. (2002) were used. AlgaeBase web
(Anonymous, 2021) and Turkishalgae web
(Anonymous, 2022) were used for classification and
verification of currently-accepted taxonomic names of
algae. The water quality indicators of taxa in
phytoplankton were classified in three categories as
sensitive (S), tolerant (T) and facultative (H/T) based
on the phytoplankton composition metrics in the
lakes reported by Phillips et al. (2010) at the wiser
project.

Biological Indices

Trophic Diatom Index (Kelly and Whitton, 1995;
Kelly et al., 2001) and Generic Diatom Index (based
on genera) (Coste and Ayphassorho, 1991) were used
to characterize the planktonic diatoms at each site.
The organic pollution level in Mert Stream was
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determined by Diatom Pollution Tolerance Index
(Muscio, 2002), Diatom Assemblage Index to organic
water pollution (Watanabe, 1981), and Palmer index
(Palmer, 1969). The organic pollution indices (PTI,
DAlIpo, Palmer) are based on the presence of algal
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species or genus, which have the organic pollution
tolerance in water bodies. Ecological and pollution
classification belonging to the TDI, IDG, PTI, Palmer
and DAIpo values were given in Table 1.
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Figure 1. Location and sampling stations of the Mert Stream
Sekil 1. Mert Irmagr'nin konumu ve 6rnek alma istasyonlari

Table 1. Ecological and pollution classification of some biological indices (TDI, IDG, PTI, Palmer and DAIpo)
Cizelge 1. Bazi biyolojik indekslerin (TDI, IDG, PTI, Palmer ve DAlpo) ekolojik ve kirlilik siniflandirmasi

Ecological classification

TDI IDG Ecological class

Trophic status

Pollution classification

PTI Palmer DAlIpo Saprobic level

35-50 15-17 Good Oligo-Mesotrophic
50—-60 12-15 Moderate Mesotrophic
60—-75 9-12 Low/ Poor Eutrophic

4 5-10 70-50 a-oligosaprobic
3 10-15 50-30 B-mesosaprobic
2 15-19 30-15 a-mesosaprobic

RESULTS
Algal community structure

A total of 122 taxa belonging to 8 divisions was found
in the phytoplankton of Mert Stream throughout the
study period. In the phytoplankton, divisio
Bacillariophyta dominated in the community being
presented by a total of 71 taxa, followed by the
divisions Chlorophyta (16 taxa), Euglenozoa (11 taxa),
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Charophyta (10 taxa), Cyanobacteria (9 taxa), Miozoa
(3 taxa), Ochrophyta (1 taxon), and Rhodophyta (1
taxon).

Algal abundance

In the phytoplankton, Bacillariophyta was the most
dominant phylum in the stream with a total organism
rate of 83%. Cyanobacteria with 7% and Ochrophyta
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with 5.3% were secondary important phyla, even
though they did not reach a very important
percentage in terms of the total organism. Dinobryon
divergens, non-diatom taxa, from Ochrophyta became
one of the dominant organisms in phytoplankton by
peaking at the second station in September 2011.
Dominant organisms in phytoplankton are all
diatoms except one species from Ochrophyta.

Dominant and  subdominant  organisms  of
phytoplankton are Lindavia glomerata, Navicula
cryptocephala, Cyclotella planctonica, Navicula

veneta, Dinobryon divergens, Ulnaria ulna, and
Brachysira exilis. The abundance rates of dominant
and subdominant taxa in phytoplankton were shown
in Figure 2.

Navicula veneta
6.6 %

Navicula
cryptocephala
88%

Lindavia
glomerata
13.1%

Cyclotella
planctonica
7.1%

Figure 2. The abundance rates of dominant and subdominant taxa in phytoplankton
Sekil 2. Fitoplanktondaki dominant ve subdominant taksonlarin bolluk oranlari

Spatiotemporal  variations in  phytoplankton

commnity

The highest species diversity in phytoplankton was
seen at the 2nd station with 82 taxa. On the other
hand, the least species diversity in phytoplankton
was seen at the 6th station with 60 taxa. The
phytoplankton at 1st and 2nd stations was
characterized by similar dynamics with diversity
maximum in February with 30 identified species
affiliated primarily to Bacillariophyceae and
Cyanobacteria. For the entire period, the lowest
species diversity was detected in August at both
stations. At the 3rd and 5th stations, around 65 taxa
were recorded at both stations, distributed as follows:
27 taxa in the June samples (3rd and 5th stations)
with the pronounced dominance of Bacillariophyceae.
In the samples from 4th station, 71 different taxa
were identified for the studied period with twenty-
nine species registered in February and thirty-four in
September, October, and April. At the 6th station, the
phytoplankton community was presented by 31 taxa
in April.

The montly variatons in phytoplankton abundance at
the sampling stations of Mert Stream were reported
in Figure 3. In terms of total organisms, the highest
phytoplankton density was found in September and
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November 2011 in the Mert stream, while the lowest
number of organisms was detected in May 2012.
While all stations contributed equally to the
phytoplankton peak registred in November, the peak
in September was caused by the 2nd and 3rd stations.
While station-based highest phytoplankton
abundance was counted at the 2nd and 3rd stations,
the least number of organisms was found at the 1st
station. When the seasonal variation of the
phytoplankton in the Mert stream was analyzed, it
was seen that the season with the highest cell density
in the stream was autumn (234.330 cells mll). The
number of organisms detected in the autumn season
constituted 60% of the number of organisms
throughout the year.

Water quality and biological metrics

When the water quality status of the taxa is analyzed
on the basis of the Wiser report (Phillips et al., 2010),
it was seen that the tolerant taxa in phytoplankton
had the highest rate with a rate of 40%, even if they
were not at a overdominance level. It was observed
that facultative taxa were important at the second
level with a rate of 34%, while sensitve species
corresponded to a rate of 26%.
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TDI results ranged from 50-62, with an average of 55.
The TDI value of the 1st station separated from the
TDI values of the other stations with exceeding 60.
The average IDG values were around 13 and only
stations 2 and 3 had low scores (around 11). The PTI
results of the stations are close to each other, only the
PTI value of the 3rd station (2.5) was below that of

the other stations. DAIpo index results ranged from
53.0 to 61.8, with an average DAlIpo value of 57.
Palmer index scores were recorded the lowest value at
6th station (12) and the highest value at the 4th
station (32). Index results of sampling stations based
on trophy and sabrophy were shown in Table 2.
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Figure 3. Monthly variations in phytoplankton abundance at the sampling stations of the Mert Stream
Sekil 3. Mert Irmagi ornekleme 1stasyonlarindaki fitoplankton bollugunun aylik degisimleri

Table 2. Index results of sampling stations based on trophy and sabrophy (blue: high, green: good, yellow:

moderate, orange: poor, red: bad)

Cizelge 2. Ornekleme istasyonlarinin trofi ve saprofi temelli indeks sonug¢lar: (mavi: yiiksek, yesil’ iyi, sari’ orta,

turuncu’ zayif, kirmzi’ kétii)

Trophic status Saprobic level
TDI IDG PTI Palmer DAIpo
St.1 eutrophy mesotrophy B-mesosaprobic _ a-oligosaprobic
St.2 mesotrophy meso-eutrophy B-mesosaprobic a-mesosaprobic  a-oligosaprobic
St.3 mesotrophy meso-eutrophy a-mesosaprobic a-oligosaprobic
St.4 mesotrophy mesotrophy B-mesosaprobic a-oligosaprobic
St.5 mesotrophy mesotrophy B-mesosaprobic a-oligosaprobic
St.6 mesotrophy mesotrophy B-mesosaprobic B-mesosaprobic a-oligosaprobic
DISCUSSION proven that the diatoms dominate in the community

In the study, we have identified a hundred and
twenty-two taxa in which Bacillariophyta was
dominant with a rate of 83%. Most of the taxa
collected from Mert Stream have a cosmopolitan
distribution. Bacillariophyta were also dominant in
other Turkish rivers (Altuner, 1988; Altuner and
Giirbiiz, 1989; Soylu and Géniilol, 2003). Generally, in
lotic systems, there is a dominance of diatoms
originating from benthic systems. The author has
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and the phytoplankton fluctuations are highly
seasonal dependent. The water and temperature
regimes have a significant impact on the development
of phytoplankton. The high summer temperatures
reduce the intensity of diatoms and the temperature
decrease leads to increase of their number
respectively.

When we examined the seasonal variation of
phytoplankton, it was seen that 60% of the total
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organism in all stations of the stream was detected in
the autumn months. Considering that 83% of the
total organisms detected in phytoplankton are
members of Bacillariophyta, it can be said that the
increase in organisms in the autumn months is
normal. This prevalence of diatoms during the
autumn months are generated a higher flow of
nutrients and suspended particles into this area than
elsewhere, creating changes in both diatom
abundance and the community structure between
regions (Ben Brahim et al., 2015). In the autumn
season, the increase in the number of organisms in
September and November was remarkable. It was
also detected in Yesilirmak river that Bacillariophyta
members increased in September in autumn, then
decreased in October and then increased in numbers
again in November (Soylu and Géniilol, 2003). While
all stations contributed equally to the increase of the
total organism in November, approximately 60% of
the increase of organism in September accounted for
the 3rd station. This has made the 3rd station where
the most species and organisms in phytoplankton are
detected. The main reason for this is the poultry
facilities operating near the 3rd station. In the study
area, after the 3rd station the most remarkable
station was 2nd station in terms of total organism.
The number of organisms at the 2nd station in
November constituted 40% of the total number of
organisms in this station and 30% of the total
organism in November. It is thought that the
agriculture activities with chemical fertilizers in the
environment are effective in the increase of the total
organism in the 2nd station. According to Lavoie et al.
(2008), the integration duration varies depending on
the stream's trophic state and nutrient concentration
variations. The diatom communities of oligotrophic
streams are more sensitive to nutrient changes and
are directly affected by nutrient increases, whereas
the diatom communities of eutrophic rivers are less
susceptible to nutrient fluctuations and substantial
changes take longer to be integrated into index
values. Although the increase in nutrient originating
from agricultural and poultry activities near the 2nd
and 3rd stations of the Mert Stream with a meso-
eutrophic structure caused an increase in the
numbers of organisms of the phytoplankton (diatoms)
in these stations, it did not cause a serious variation
in the species diversity of the diatoms.

Agreeing with what has already been pointed out by
Claps (1996), a reduction in the algal population can
be seen after the spring rains. The planktonic algae of
the Mert Stream were also affected in the same way
by rains in spring. Similiar conditions were also
observed in Meram (Yildiz, 1985) Karasu (Altuner
and Giirbiiz, 1989), and Yesilirmak (Soylu and
Goéniilol, 2003) streams. However, spring rains can
sometimes affect algal communities of rivers in
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different ways. In the study area, while the spring
rains depleted the number of organisms in the
phytoplankton, it caused an increase in the algal
abundance of the benthic environment. On the other
hand, in the Pampean River of Argentina, the spring
rains caused the opposite situation (Solari and Claps,
1996). The phytoplankton was enriched whereas on
the sediments an impoverishment took place.

Lindavia glomerata, Cyclotella planctonica, Navicula
cryptocephala, and N. veneta were the most common
species in Mert Stream. Lindavia glomerata
(Cyclotella glomerata), one of the dominant species of
phytoplankton, constituted 13.1% of the total
organism and became the species with the highest
number of organisms in the stream. Species of genus
Cyclotella are primarily planktonic and frequent in
the freshwaters. Cyclotella species generally
bloomed from spring to autumn or early winter
(Cho, 1996). As a matter of fact, Cyclotella species in
the phytoplankton of the Mert stream reached the
highest number of organisms in September and
November. Cyclotella species more rich and diverse
than before the construction of estuarine dam. Cho
(1996) stated that the richness and diversity of
Cyclotella species decreased due to the water became
eutrophic after the construction of estuarine dam at
Naktong River. A few Cyclotella species were
recorded in 5th and 6th stations of the Mert Stream
(the part of the stream within the city), where the
water flow rate is very low. NV. cyrptocephala, one of
the symmetric biraphid diatoms, has been the
secondary important organism in the stream with a
rate of approximately 9%. It was reported that
Navicula species are included in facultative or
unregistered species and can be found widely and
abundantly in both organic matter rich and organic
matter poor environments (Van Dam et. al., 1994). It
was observed that 20.2% of the dominant taxa in the
study consisted of pelagic origin and 28.8% of them
consisted of diatoms of benthic origin. This shows that
benthic origin organisms are more common in the
phytoplankton. This result is a normal for streams
that do not have much pelagic zone, such as the Mert
Stream.

Even if the abundance of Ochrophyta members didn’t
reach a very serious level, the fact that the one
species from Ochrophyta reached an abundance of
5.3% made this division a section of secondary
importance in the phytopankton. The presence of
golden algae such as Dinobryon, which favor water
with a lower inorganic phosphorus level, suggests
oligotrophic conditions throughout a majority of the
lake (Barinova et al., 2006). In the stream, D.
divergens species, which is the only representative of
the Dinobryon genus, peaked at the 2nd station. This
station has a mesotrophic character with low level of
pollution in terms of index results.
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The fact that only 7% of Cyanobacteria members
represented in the Mert Stream shows that there is
no serious pollution in the stream, except for part-
time pressures. Among the members of the
Cyanobacteria division, the only taxon found in all
stations was the toxic Microcystis aeruginosa species
with an abundance of 2.5%. One of the most
important biological stressors in the aquatic
environment is cyanobacterial blooms. M. aeruginosa
blooms can be seen in natural and artificial water
bodies of eutrophic character all over the world.

In the study area, 11 species from Euglenozoa
division were identified. The fact that the members of
the Euglenozoa division, which are found in high
numbers 1in areas with organic pollution, are
represented by only 1.2% in the study area, also
shows that there is no serious pollution due to sewage
waste in the area. There was no organism that
became prominent in terms of the total number of
organisms in the Euglenozoa group. Lepocinclis acus
from the Euglenozoa group was the only taxon
present in all stations.

Other divisions (Chlorophyta, Charophyta,
Rhodophyta) detected in phytoplankton of Mert
Stream could not reach a very serious abundance
rate. Although the Chlorophyta division was the one
with the most species after the diatoms (16 taxa), its
abundance rate remained at only 2%. Charophyta
division was represented by 10 taxa and Rhodophyta
division by a taxon.

Indicator organisms are species that are sensitive to
changes in water quality and react in predictable
ways to changes in their surroundings. Algae are an
example of this type of organism. The degree of stress
a stream is under can be evaluated by the organisms
that reside in that stream, because different algae
species have different levels of pollution tolerance. By
eliminating sensitive creatures and increasing the
number of tolerant ones, environmental degradation
reduces the number of diverse sorts of organisms in a
group. This reduces the stream's biodiversity (the
amount of various types of species). The indicator
organisms are classified into three groups as tolerant,
facultative and sensitive based on their pollution
tolerance (Muscio, 2002). When the water quality
indicator ratios of the phytoplanktonic taxa in Mert
Stream are examined, it is seen that the pollution-
tolerant algae dominate the area with a ratio of 40%,
even 1f not at a dominant level. The heartiest
organisms, they are tolerant of pollution. In large
numbers, they point to poor water quality conditions,
but can also be present in good and fair water quality.
The rate of taxa that can prefer both tolerant and
sensitive environments, which we call facultative, is
close to the rate of tolerant species in the area and is
at the level of 34%. These organisms can survive in a
greater variety of water quality settings than
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sensitive organisms. As a result, they can be found in
waters other than poor- and high-quality waters. The
rate of pollution-sensitive taxa in Mert Stream
remained at the level of 26%. Because sensitive water
creatures cannot thrive in contaminated
environments, their existence usually signifies good
water quality. According to all these ratios, it can be
said that there is pollution pressure especially in
certain stations, even if it is not serious in the area.
Because tolerant species are more dominant than
sensitive species in the area, the result is that the
trophic structure of the Mert Stream is a meso-
eutrophic structure.

In present study, two different index types were used
to determine both trophic status and saprobic level in
the stream. Station-based trophic status of the stream
was determined using TDI and IDG indices, and
station-based saprobic level of the stream was
determined using PTI, Palmer and DAlIpo indices.
The least tolerant group has the highest index value,
while the most tolerant group has the lowest. The
number of indicator species present in each group
determines a stream's index score.

Based on all this information, according to the mean
result of TDI and IDG (55 and 13, respectively), the
trophic status of the Mert Stream is a mesotrophic
structure with moderate nutrients, dominated by
plants or algae and good water transparency.
According to the TDI index result, 1st station is an
eutrophic class. This means that frequent algal
blooms due to high nutrients and moderate to poor
water transparency should be seen at 1st station.
However, such typical characters of eutrophic class
were not observed in the 1st station of the Mert
Stream. According to the IDG index result, 2nd and
3rd stations are a meso-eutrophic class. Both
transparency and quality of the water are poor due to
the poultry farms near the 3rd station and the
intensive farming activities around the 2nd station.
Indeed, the phytoplankton community structure in
2nd and 3rd stations of the stream also reflected this
situation. In the TDI studies based on planktonic
diatoms conducted by Shaimaa et al. (2017) and Amal
(2012) to determine the trophic structure of the Tigris
and Shatt AL-Arab rivers, trophic structure results
determined as mesotrophic were similar to the TDI
results in the Mert Stream.

The results acquired in the saprobic system can be
used to classify trophic states (Dokulil, 2003). As a

result, phytoplankton species identification is
important for determining the trophic condition of
aquatic environments. Saprobic indicators in

phytoplankton are commonly employed in European
and Asian countries to assess water quality (Walley et
al., 2001; Barinova et al., 2004). The quantity of
saprobic activity determines the classification of a
water body in the saprobic system. The index aims to
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organize water bodies on a numerical scale based on
their saprobity (Heckman et al., 1990). The saprobic
technique i1s only useful for assessing organic
pollution that is being decomposed by bacteria, and it
is not ideal for assessing toxin or other pollution. This
index is relevant to both natural and man-made
minor water bodies. It also applies to all organic
matter contaminants found in freshwater and marine
environments. In summary, this technique can be
employed in a variety of aquatic environments,
including water quality assessments for drinking
water, industrial, and surface water contamination
(Dokulil, 2003). According to the average PTI results
(2.7), Mert Stream is at B-mesosaprobic level with
moderately polluted. Considering PTI index results,
only the 3rd station differed from the others sampling
points with a-mesosaprobic level, which corresponds
to poor water quality. This was an expected result in
the 3rd station, where organic pollution originating
from chicken farms is high. Station 3 is also an area
where water turbidity and BOD value are high due to
bacterial activity density. The DAIpo saprobity index
ranged from 53.0 to 61.8. Accordingly, Mert Stream is
at a-oligosaprobic level, which corresponds to good
water quality. Considering DAIpo index result, which
is calculated by proportioning the cleanliness
indicator saproxenous species to the pollution
indicator saprophilous species, there is no organic
pollution load at any station of the stream.
Considering all of saprobity index values between 1.5-
2.5, the Kenozero waters is classified as oligo-B-
mesosaprobic state or class IT of water quality, which
matches moderate content of organic substances
(Abakumov, 1992). According to the Palmer index,
which is based on the presence of algal genera with
organic pollution tolerance in water bodies, all sites of
the Mert Stream except the 6th station are under the
threat of high organic pollution. Considering the
Palmer index scores, the highest organic load was
found at the 3rd and 4th stations. The organic
pollution load at the 6th station is at the B-
mesosaprobic level, which corresponds to moderate
pollution. The quality of the water in Nhu Yriver was
characterised by highly organically polluted
conditions because the Palmer index values were over
20 at all sites (Te et al., 2018). The ten most tolerant
species stated by Palmer (1969) were not dominant or
subdominant in Mert Stream indicates that the
nutrient richness of the stream is not very high. It
has been observed that genus such as Anomoeoneis,
Brachysira, Brebissonia, Craticula, Gomphonella,
Sellaphora, Ulnaria, Chroococcus, Leptolyngbya,
Lyngbya, Limnothrix, Microcystis, Pseudanabaena,
Spirogyra, Cladophora, Desmodesmus, Pediastrum,
Ulothrix, Volvox, Messastrum, Ceratium, and
Trachelomonas, which are not among pollution-
tolerant genera of the Palmer index (1969), are mostly
found in polluted waters (Marashoglu et al., 2005;
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Phillips et al., 2010; Te et al., 2018). Similar genera
were recorded in the present investigation. Cyclotella
species, which were found to be the most active
participants at all stations in Mert Stream, may be
good indicators of less contaminated water bodies as
similar observations were recorded by Willen (1991),
Hornstrom et al. (1993), Saros and Anderson (2014).

CONCLUSION

The results of this study revealed the benefits of
using biotic factors (phytoplankton community and
index) together in water quality assessment studies
and showed that minor changes in environmental
conditions may cause major effects in the
phytoplankton communities. In present study, it was
seen that the best biological index that reflects the
station-based trophic structure of the stream is IDG,
and the best biological index that reflects the station-
based organic pollution load of the stream is PTIL
Another result of this study is that the use of
indicator organisms in phytoplankton gave good
results in determining the trophic structure and
water quality level of the stream. While more
research is needed for the assessment of quality
status of the investigated water ecosystem, the
results of the present research do have the
characteristics of a preliminary research with the aim
of providing resources for any future bioindication
investigation in the region.
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ABSTRACT

Mastitis is a mammary gland inflammatory disease that causes milk
yield reduction and economic losses. Mastitis is bacteriological and
antibiotics are usually used for treatment. Alternative natural
treatment methods such as bee products, phytotherapy, and
essential oils were evaluated to reduce the use of antibiotics in the
treatment of mastitis. In this study, the in vitro antibacterial effect
of flower and oak honey samples dissolved in distilled water and
boric acid (2%) on ESBL and biofilm-producing Enterobacterales
pathogens was investigated. The aim was to establish the usability of
honey/boric acid solution against mastitis as a natural antiseptic
solution for bovine udder surfaces. Honey samples were studied by
dissolving in distilled water and boric acid (2%) solvents. There was

Microbiology
Research Article
Article History

Received
Accepted

:14.07.2021
:10.02.2022

Keywords
Antibacterial

Boric acid
Antibiotic resistance
Flower honey

no significant statistical difference between honey solutions using Oak honey
distilled water and boric acid (p>0.05). Antibacterial effects were
increased according to the increasing honey proportion in flower
honey solutions. However, the antibacterial activity of oak honey
dissolved in boric acid solution was higher than dissolved in distilled
water. As a result of the statistical correlation analysis between
flower and oak honey samples, antibacterial effects of flower honey
samples were determined to be higher than oak honey samples
(p<0.05) (R=0.825). An alternative formulation for mastitis
treatment with honey and boric acid was developed for the first time
in the literature.
Balin GSBL ve Biyofiim Ureten Enterobacterales Uzerindeki Antibakteriyel Etkisinin
Degerlendirilmesi
OZET Mikrobiyoloji
Mastitis, siit veriminin diismesine ve ekonomik kayiplara neden olan
bir meme bezi hastaligidir. Mastitis bakteriyolojiktir; bu nedenle Aragtirma Makalesi
tedavilerinde genellikle  antibiyotikler  kullanilir. Mastitis . .
tedavisinde antibiyotik kullaniminin azaltilmasi i¢in ari trunleri, Makale T.ar'lh(;e‘s1
fitoterapi, ugucu yaglar gibi alternatif dogal tedavi yontemleri Gelis Tan}'n' :14'07'2021
degerlendirilmektedir. Bu calismada, distile su ve borik asit (%2) Lobulll ol e s
solventlerinde ¢oziindiriilen cicek ve mese bali 6rneklerinin ESBL Ke d
. . . ... . 2 o 2 .. . yworas
ve biyofilm treticisi Enterobacterales patojenleri tizerindeki in vitro Antibakteriyel
antibakteriyel etkisi arastirildi. Amag¢ bal/borik asit soliisyonunun Borik asit
buytkbag goégus ylizeylerinde dogal bir antiseptik sollisyon olarak Antibiyotik direnci
mastitise karg1 kullanilabilirligini ortaya koymaktir. Borik asit ve Cigek bal
distile su ¢oziculi bal c¢ozeltileri arasinda istatistiksel olarak Mese bali

anlaml bir fark yoktur. Cigek bali ¢ozeltilerinde artan bal oranina
gore antibakteriyel etkiler artmistir. Ancak borik asit ¢ozeltisinde
¢ozilen mese balinin antibakteriyel etkinligi distile suda ¢ézlinenden
daha yuksekti. Cicek ve mese bali 6rnekleri arasindaki istatistiksel
iligki analizi sonucunda c¢igek bali o6rneklerinin antibakteriyel
etkileri mese bali o6rneklerine gore daha yiksek bulunmustur
(p<0.05) (R=0,825). Bu calisma ile literatiirde ilk defa bal ve borik
asit ile mastitis tedavisine alternatif bir formiilasyon gelistirilmistir.
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INTRODUCTION medicine since ancient times due to biological

Mastitis is an essential inflammation of the activities such as antimicrobial, antioxidant, anti-

mammary gland that affects milking and dairy
production and causes economic losses (Tepeli and
Zorba, 2017; Nadia and Kheira, 2018; Kromker et al.,
2019). Mastitis occurs in two types as clinical and
subclinical. Clinical mastitis causes a noticeable
difference in raw milk or udder quarters that can be
identified by farmers. However, the subclinical
version of the disease cannot be easily identified by
visual symptoms (Leitner et al., 2018; Tepeli, 2020).
As a result of pathologic and bacteriological changes
in the mammary gland, milking channels can block
continuously, and milking yield and milk quality
decrease dramatically (Abdalhamed et al., 2018).
Coliforms, Streptococcus sp., coagulase-positive
Staphylococcus (especially S. aureus), and coagulase-
negative Staphylococcus (CNS) are the main mastitis
pathogens (Abdalhamed et al., 2018). Furthermore,
gram-negative bacteria (mostly E. coli, Klebsiella spp,
and FEnterobacter spp.) are an important cause of
bovine mastitis around the world (Dahmen et al.,
2013; Schukken et al.,, 2012). Subclinical mastitis
infections can be prevented by early diagnosis of the
disease, post-milking teat disinfection, and adequate
pre-milking hygiene (Das et al., 2017). Antibiotics
have been used in the treatment of mastitis for many
years (Nadia and Kheira, 2018). The extensive and
inappropriate use of antibiotics in dairy farms
induces resistance among pathogens in mastitis.
Antibiotics such as B-
lactam antibiotics (cephalosporins, penicillin),
oxytetracycline, and aminoglycosides are used for the
treatment of mastitis or the other bacterial infections
among dairy cattle on the farm (Santioago et al.,
2015; Ibrahim et al., 2016). Pathogenic bacteria,
which belong to the order Enterobacterales, produce
the B-lactamase enzyme 1nactivating B-lactam
antibiotics (Das et al., 2017). The most clinically
essential enzymes in the order Enterobacterales are
known as extended-spectrum B-lactamases (ESBLs).
CTX-M, TEM and SHV are the predominant ESBL
families encountered. Moreover, blactx-m-11s the most
common genotype in animals according to available
studies (EFSA, 2011; Ogedey et al., 2016; Das et al.,
2017; Yildirim and Pehlivanoglu, 2018).

Alternative natural treatment methods such as bee
products, phytotherapy, and essential oils were
evaluated to reduce the use of antibiotics in the
treatment of mastitis (Bal, 2011; Nadia and Kheira,
2018). Honey and bee products were used in folk
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inflammatory, immune modulator, and antitumor
effects (Kwakman et al., 2008; Cinar, 2020; Kolayl et
al.,, 2020). Moreover, honey is an important
antibacterial agent in traditional medicine containing
polyphenols (flavonoid, benzoic, and cinnamic acid),
sugar, acid, and hydrogen peroxide and having
osmotic pressure effect (Weston, 2000; Baykam, 2007;
Mercan et al., 2007; Erturk et al., 2014; Al-Masaudi
et al., 2021). Honey and bee products, which have an
important place in Turkey, are used in food,
agriculture, medicine, cosmetics, paint, and many
other fields. In 2020, honey production in Turkey
reached 104,077 tons, while it was 1716 tons in
Canakkale. China (24.0%) ranked first in honey
production in the world in 2019 with 444 thousand
tons of honey production. Turkey (6.2%) ranked
second with 114 thousand tons of honey production.
Since most of the honey produced in this country is
consumed in the domestic market, only 6,011 tons of
honey produced in 2020 were exported (Anonymous,
2021a).

Boron is a natural element which is mainly mined in
Turkey (67%). Other important producers are USA
and China. This element is not carcinogenic and
mutagenic. Boric acid is an important boron base
weak acid. Its formula is HsBOs. Boric acid is used as
antimicrobial, antiseptic, pesticide, and food additive
(E284) (Ipek, 2017; Demircan and Velioglu, 2020;
Anonymous, 2021b). Moreover, boric acid was used to
treat fungal infections in humans for one hundred
years (Liu et al., 2021). Boric acid has broad-spectrum
antibacterial and therapeutic effects, and 1is
considered a non-antibiotic alternative treatment
option for superficial bacterial, fungal, and protozoal
infections of the eye, ear, and vagina because of lower
expense, being widely available, easy to use, and
causing little irritation (Schmidt, 2017; Liu et al.,
2021; Parin et al., 2021)

In this study, the in vitro antibacterial effect of flower
and oak honey samples dissolved in distilled water
and boric acid (2%) on ESBL (b/actx-m gene positive)
and Dbiofilm-producing Enterobacterales pathogens
was 1nvestigated. In this research aim was to
establish the usability of honey/boric acid solution
against the bovine inflammatory disease mastitis as a
natural antiseptic solution for bovine udder surfaces.

MATERIAL and METODS
Honey Samples
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Flower and oak honey samples were provided by
Canakkale Beekeepers' Association from the Kaz
Mountain region (Mount Ida), Canakkale province in
the west of Turkey. Physicochemical analyses were
completed by Canakkale Beekeepers Association at
Ege University Drug Development and
Pharmacokinetic Research and Application Center
(Table 1). The main oak cultivars grown in Kazdag
National Park and its surroundings are Turkey oak
(Quercus cerris L.), kermes oak (Quercus coccifera L.),
Hungarian oak (Quercus frainetto Ten.), Aleppo oak
(Quercus infectoria Oliv. subsp. Infectoria), Georgian
oak (Quercus petraea subsp. iberica (Steven ex M.
Bieb.) Krassiln.), downy oak (Quercus pubescens
Willd.) and common oak (Quercus robur L) as

determined by Deniz and Selvi (2021). Polat and Selvi
(2011) examined plants visited by bees in their study
of the region that includes Kaz Mountains. It was
determined that the plants most visited by honeybees
are taxa belonging to the families Asteraceae,
Boraginaceae, Fabaceae, Lamiaceae, and Cistaceae.
In addition, honeybees mostly visited species
including Echium plantagineum, Helianthus nnuus,
Origanum spp., Paliurus spina-christi, Vitex agnus-
castus, Cistus spp., Trifolium spp., and Cercis
siliquastrum.

Honey samples were dissolved in distilled water and
powdered boric acid (2%) (CID: 7628, 99.5%, Merck,
Germany) at final concentrations of 30%, 60%, and
90% (w v-1).

Table 1. Some physicochemical properties of flower and oak honey
Cizelge 1. Cigek ve mese balinin bazi fizikokimyasal ozellikleri

Analysis
(Analiz)

Oak honey
(Mege bali)

Flower honey
(Cicek bali)

Delta C13-Proteins (Delta C13 protein)

Delta C13-Raw product (Delta C13 Hambal)
Difference protein-honey (Protein bal farki)
C4% sugar (% C4 seker)

Activity of diastase (Diastaz aktivitesi)
Electrical conductivity (Elektrik iletkenligi)
Hydroxymethylfurfural (Hidroksimetilfurfural)
Moisture (Nem)

pH (pH)

Proline (Proline)

Free acidity (Serbest asitlik)

Fructose (Fruktoz)

Glucose (Glukoz)

Sucrose (Sakkaroz)

Maltose (Maltoz)

Fructose/Glucose Ration (Fruktoz/Glikoz Orani)

0.606 £ 0.018 mS cm'!

974.0 £ 155.8 mg kg'!

-26.30 + 0.26%o0
-26.50 + 0.27%o
0.20%o0
0.00%

15.1 +£2.6ds dn’!

-25.70 + 0.26%0
-25.20 + 0.25%o0
-0.50%o0
3.13%
19.2+ 3.3 ds dn't
1.083 £ 0.032 mS cm!
Not detected
17.1+0.5%
4.47+0.03
705.0 £112.8 mg kg'!
27 + 4 meq kg1
35.4+8.1¢g 100g?
29.7+ 6.2 g 100g!
Not detected
Not detected

6.7 £ 0.7 mg/kg
18.2 + 0.5%
3.90 + 0.03

32 + 5 meq kgl
43.1+9.9 g 100g1!
37.8+7.9¢g 100g?

Not detected
Not detected

ESBL-producing (blacts-m
Enterobacterales Isolates

gene positive)
Isolates were identified as Enterobacterales causing
mastitis in raw milk with subclinical mastitis by
Tepeli and Zorba (2017) in a previous study. In this
previous study, the ESBL activity of isolates was
determined by the agar disk diffusion method
according to European Committee on Antimicrobial
Susceptibility Testing Standards (EUCAST, 2013).
Moreover, detection of blacrx-m gene was carried out
by polymerase chain reaction (PCR). The blactx-m F-5-
TCTTCCAGAATAAGGAATCCC-3, R- 5-
CCGTTTCCGCTATTACAAAC-3, 909 bp primers
were used for genotypic identification by Tepeli et al.
(2018). For this study, seven Escherichia coli strains,
two Morganella morganii strains, one Serratia
liquefaciens, and Citrobacter braakii blactx-m positive
strains were chosen. Klebsiella pneumoniae ATCC
700603 was used as ESBL positive control, and . coli
ATCC 25922 was used as ESBL negative control.
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1.13 1.19
Reference cultures were provided by Canakkale
Onsekiz Mart University Food Engineering

Department microbiology culture collection.

Biofilm Assay

The crystal violet 96-well microtiter plate method was
used to evaluate the biofilm formation status of
isolates. For this, 20 pL overnight, 108 CFU mL cell
density (0.5 MacFarland) isolates were dispensed into
each well, containing 100 pL of TSB (tryptone soya
broth, Merck, Germany). The 96-well microtiter plate
was incubated at 30 °C for 24 h. The incubated
microtiter plate was washed twice with distilled,
sterile water, dried, and fixed in an airflow cabinet.
Each well was dyed with 120 pL of 1% (v v'!) crystal
violet solution (Sigma-Aldrich, USA). The crystal
violet solution was discarded, and wells were washed
twice with distilled, sterile water, and dried at room
temperature for 30 min. Then, 120 pL of ethanol
(96%) was added to each well, and OD values were
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read by spectrophotometer (Multiscan FC; Thermo
Fisher Scientific, NY, ABD) at ODsoo. According to the
scale of Sepanovic et al. (2000), OD values were
evaluated as ODcontrot < OD < 2xODcontrol weak,
ZXODcontrol <O0D < 4XODcontrol moderate and 4XODcontrol
< OD strong biofilm producers. Control was evaluated
as the negative control (NC).

Agar-Wells Diffusion method

Flower and oak honey samples with three different
concentrations (30, 60, 90% w v'1) were prepared with
distilled water and boric acid (2%). ESBL-producing
(blactxm gene positive) Enterobacterales and
reference culture isolates stored in TSB containing
16% glycerol at —20 °C were incubated overnight at 37
°C in TSB. Overnight TSB cultures were suspended
in 5 mL of sterile saline (0.85% NaCl) until 0.5

MacFarland (1-2 x 108 CFU mL1) standard
suspension was reached (DEN-1, MacFarland
densitometers, Britain). The 0.5 MacFarland

standard suspensions were added to Muller Hinton
agar (MHA, HiMedia, India) with sterile swabs. After
inoculum absorption, 6 mm wells were prepared on
MHA, and 100 pL of honey samples (at each
concentration) were added to each well. Plates were
incubated at 35 °C for18-24 h in a flat position.

Inhibition zone diameters were measured with a
digital caliper (PM, China). Positive (K. pneumoniae
ATCC 700603) control and negative control (E. coli
ATCC 25922), cefotaxime antibiotic (2 mg L) and
boric acid (2%) were used in the present study (Valgas
et al., 2007; Boorn et al., 2010).

Statistical Analysis

Statistical analysis was done with the SPSS 23.0
(SPSS 1Inc., Chicago, IL, USA) program. The
differences between means of concentrations were
determined by two-way ANOVA  analysis;
comparisons were made with the Tukey test (p<0.05).
Differences between concentrations of oak and flower
honey samples were examined with the Paired
Sample t-test.

RESULT and DISCUSSION

According to the results of the biofilm assay, in this
study all E. coli strains (except K.coli 11 and E. coli
IID), S. liquefaciens, and C. braakii were weak biofilm
producers, while M. morganii 11 and FE. coli III
produced moderate biofilms (Fig. 1). Additionally, £.
coli 11 was classified as a strong biofilm producer.

0.35 ]
B Negative
0.30 B Moderate
E 0.25 k B Strong
a 1 Weak
S 0.20 |
2 ]
£ o015t
s 1
a 0107
o ]
0.05 | I
0 !
NC 1 2 3 4 5 6 7 8 9 10 11
Strain code

Figure 1. Biofilm status of ESBL producing Enterobacterales isolates (1-7: E. coli, 8-9: M. morganii, 10: S.

liquefaciens, 11: C. braakii, respectively).

Sekil 1. GSBL tireten Enterobacterales 1zolatlarinin biofilm durumliari

Solutions of flower and oak honey prepared with
distilled water and boric acid (2%) solvents were
antibacterial against ESBL (blactx-m gene positive) at
different levels for biofilm-producing Enterobacterales
isolates (Fig. 2). The highest antibacterial activity
was obtained with 90% (w v'1) flower honey-distilled
water solution against C. braakii, M. morganii 1I and
all E. coli strains (Table 2). The highest antibacterial
effect for M. morganii I strain was determined for the
60% flower honey-distilled water solution. However,
90% (w v1) flower honey-boric acid (2%) solution
showed antibacterial activity against all strains
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(except S. liguefaciens) (Table 3).

No statistically significant difference was found
between the antibacterial effect of flower honey -
distilled water solutions and flower honey-boric acid
(2%) solutions (p>0.05). Statistically significant
differences were identified between both solvent
concentrations (p<0.05). An increase in antibacterial
activities for both solvents was seen when the honey
amount increased.

The highest antibacterial activity was determined
from 90% (w v'1) oak honey-distilled water solution,
except for E. coli I and S. liqguefaciens (Table 4). In
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addition, there was a statistically significant
difference between concentrations of oak honey-
distilled water samples (p<0.05). For oak honey-boric
acid (2%), the highest antibacterial activity was
determined for 30% (w v'1) concentration against M.
morganii 1 and E. coli VII. Also, the antibacterial
activity of the 90% (w v'1) concentration was
evaluated as the highest activity against all other
microorganisms (except S. Iliquefaciens) (Table 5).
Differences between concentrations of oak honey—
boric acid (2%) samples were determined to be
statistically  significant  (p<0.05). Antibacterial
activity increased with the increase in the amount of

honey in oak honey-boric acid (2%) solutions.
Differences between antibacterial activities of both
solvents were reported to be statistically significant
(distilled-water and  boric-acid 2%) (p<0.05).
Therefore, oak honey solutions prepared with boric
acid (2%) had higher antibacterial activities. The
antibacterial effects of oak and flower honeys were
compared. The difference between the two honeys was
analyzed statistically and a statistically significant
difference was found (p<0.05) (R=0.825). Flower

honey exhibited more antibacterial effect than oak
honey.

Figure 2. Inhibition zone diameter for agar-well diffusion method.
Sekil 2. Agar-kuyucuk diftizyon yontemi inhibisyon zon ¢api

Table 2. Antibacterial activity of flower honey-distilled water solutions
Cizelge 2. Cigek bali-saf su soliisyonunun antibakteriyel etkisi

Isolate code  Strain name C;fOtaxll‘Te 30% 60% 90%

(Izolat kodu) (Sus ismi) (Se _f':;ntg ksim) (wv?) (wv) (wv?)
1 E colil 20.13+0.53Ab 20.60+1.00Ac 15.66+0.34Acd 31.49+0.1Ac
2 E. colill 18.29+0.33Ab 29.20+1.35Ac¢ 22.99+0.17Acd 30.184+0.47Ac
3 E. coli 111 39.59+1.58Ab 16.97+0.62Ac 27.62+0.57Acd 35.80+0.00Ac
4 E. coliIV 19.40+0.14Ab 15.62+2.23Ac 22.02+0.37Acd 31.33+0.32Ac
5 E. coliV 17.10+0.28Acb <6.00Acc 21.42+0.47Acd 21.62+0.16Acc
6 FE.coli VI 43.27+0.37Ab 19.02+0.53Ac 20.07+0.97Acd 23.05+1.11Ac
7 E. coli VII 44.20+0.55Ab 22.93+0.49Ac 22.78+1.00Acd 13.51+0.47Ac
8 M. morganiil 42.57+0.25Ab 20.28+0.23Ac 22.56+0.12Acd 18.77+0.83Ac
9 M. morganii1l 39.42+0.55Ab 25.72+1.14Ac 25.73+0.02Acd 35.52+1.46Ac
10 S.liquefaciens 45.44+0.83Adb < 6.00Adc < 6.00Adcd < 6.00Adc
11 C. braakii 21.05+0.38Ab 24.85+1.38Ac 25.82+0.58Acd 35.75+0.71Ac

ég’éﬁmc 25922 43.89:0.26Aeb < 6.00Aec <6.00Accd  21.07+1.01Aec

negative control)
K. pneumoniae ATCC 700603 30.20:0.23Abb < 6.00Abc < 6.00Abcd < 6.00Abc

(ESBL positive control)

* Capital letters (A) indicate that the difference between microorganisms is statistically significant (p<0.05). Lower case
letters (b) show that the difference between concentrations is statistically significant (p< 0.05).

Antibiotics are used to treat mastitis. However, the
inappropriate use of antibiotics on dairy farms can
lead to resistance in mastitis pathogens. Therefore,
researchers have begun to researching alternative
treatment methods. Some researchers investigated

alternative therapies such as ozone, essential oils,
clay treatment, homeopathy, and phototherapy
against microbial agents of mastitis to limit the use of
antibiotics (Bal, 2011; Oral et al., 2014; Tepeli, 2020).
In the present study, the in vitro antibacterial effects
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of flower and oak honey samples dissolved in distilled
water and boric acid (2%) were evaluated on blactx-m

positive and biofilm-producing Enterobacterales
isolated from bovine mastitis.

Table 3. Antibacterial activity of flower honey -boric acid solutions (2%)
Cizelge 3. Cigek bali- borik asit (2%) soliisyonunun antibakteriyel etkisi

Isolate

code Strain name B‘jm acf Cefotax1g1e 30% 60% 90%
(Izolat  (Sug ismi) 2% m V* 2 mg L (wv?) (wv?) (wv?)
kodu) (Borik asit) (Seftaksim)

1 FE. coli 1 13.94+0.86Aa 20.13+0.53Ab <6.00Aa 21.43+0.96Acbh 28.16+0.67Ab
2 FE.coli 11 14.49+0.37AB 18.29+0.33ABb 28.91+1.36ABa 21.99+0.55ABcb 30.26+0.00ABb
3 E. coli 111 15.72+0.13BA 39.59+1.58 BAb 18.93+0.68BAa 31.79+0.43BAcb 34.95+0.35BAb
4 E. coli IV <6.00ABa 19.40+0.14ABb 19.87+0.19ABa 18.51+1.27ABcb 22.74+1.68ABb
5 E. coliV <6.00Aa 17.10+0.28Ab <6.00Aa 22.81+2.55Ach 28.50+2.33Ab
6 FE. coli VI <6.00Aa 43.27+0.37Ab <6.00Aa 24.42+2.38Acb 28.72+1.55Ab
7 E. coli VII <6.00Aa 44.20+0.55Ab <6.00Aa 29.87+0.79Acb 36.14+2.06Ab
8 M.morganii <6.00Aa 42.57+0.25Ab 15.43+0.48Aa 28.09+1.61Acb 29.50+0.02Ab
9 M. morganii Il 13.05+0.64Aa 39.42+0.55Ab <6.00Aa 28.02+3.94Acb 35.75+0.25ADb
10 S. liquefaciens 15.44+0.54Aa 45.44+0.83Ab <6.00Aa <6.00Acb <6.00Ab
11 C. braakii <6.00Aa 21.05+0.38Ab <6.00Aa 26.71+£1.97Acb 35.65+0.43ADb
f’ coli ATCC 25922 < 6.00Aa 43.89:0.26Ab < 6.00Aa 17.08+0.19Ach 23.64+1.04Ab
ESBL negative control)
K. pneumoniae ATCC
700603 <6.00ACa 30.20+0.23ACb <6.00ACa < 6.00ACcb <6.00ACb
(ESBL positive control)
* Capital letters (A) indicate that the difference between microorganisms is statistically significant (p< 0.05).
Lower case letters (b) show that the difference between concentrations is statistically significant (p< 0.05).
Table 4. Antibacterial activity of oak honey - distilled water solutions
Cizelge 4. Mese bali- saf su soliisyonunun antibakteriyel etkisi
Isolate code  Strain name C(;f(:lagxilfe 30% 60% 90%
(Izolat kodu) (Sug ismi) (Sefotaksim) (wv) (wv) (w v
1 E. coli 1 20.13+0.53Ab <6.00Aa 13.47+0.93Aa 26.86+0.60Ac
2 E. coli 11 18.29+0.33Ab 21.60+0.06Aa <6.00Aa <6.00Ac
3 E. coli TI1 39.59+1.58Ab <6.00Aa 17.57+1.45Aa 26.07+0.96Ac
4 E. coli TV 19.40+0.14Ab <6.00Aa <6.00Aa 21.04+0.56Ac
5 E. coliV 17.10+0.28Ab <6.00Aa <6.00Aa 24.54+0.61Ac
6 E. coliVI 43.27+0.37ADb <6.00Aa <6.00Aa 18.99+0.36Ac
7 E. coli VII 44.20+0.55Ab 17.17+0.19Aa 13.43+0.95Aa 14.244+0.56Ac
8 M. morganiil 42.57+0.25Ab 18.59+1.20Aa 14.15+0.72Aa 15.31+0.46Ac
9 M. morganii Il 39.42+0.55ACb <6.00ACa 19.02+0.44ACa  26.69+3.71ACc
10 S. liquefaciens 45.44+0.83Ab <6.00Aa <6.00Aa <6.00Ac
11 C. braakii 21.05+0.38Ab <6.00Aa 20.23+0.08Aa 26.61+0.73Ac
és‘fgﬁﬂgca%?’g%ii ol 43.89:0.26Ab <6.00Aa < 6.00Aa 10.98+0.48Ac
K. pneumoniae ATCC 700603 30.20£0.23ABb < 6.00ABa < 6.00ABa < 6.00ABc

(ESBL positive control)

* Capital letters (A) indicate that the difference between microorganisms is statistically significant (p< 0.05).
Lower case letters (b) show that the difference between concentrations is statistically significant (p< 0.05).

Bacterial biofilms are structured communities of cells.
These structures often occur along with the
production of extracellular polymers by
microorganisms as a response to different
environmental conditions in order to survive. These
biofilms formed on surfaces are a long-term source of
contamination of foodstuffs on dairy process lines and
surfaces due to the available nutrients and humidity
(Cabarkapa et al., 2015; Ipek and Zorba, 2018).
Laranjo et al. (2018) investigated the in vitro activity
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of propolis ethanol extracts (PEE) against biofilms
produced by staphylococci isolated from the milk of
small ruminants with mastitis. They and some
researchers stated that biofilms associated with
mammary infection should be controlled due to the
fact that bacteria growing in a biofilm can become 10
to 1000 times more resistant to antimicrobials. The
biofilm structure is defined as a 3-dimensional
exopolysaccharide matrix in which microorganisms
can interact with each other. Horizontal gene
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transfers were reported in this structure between
resistant bacteria in food, milk, etc., which are
excellent nutrients for microorganisms. Accordingly,
biofilm structures can easily form on food-related
surfaces, and resistance can transfer from one
microorganism to another (Magesh et al., 2013;
Cengiz et al., 2014; Ipek, 2017). Determination of
biofilm-formation capacity is an important piece of
information to understand resistance transferability
status. In the current study, . coli 11 was a strong
biofilm producer, and E. coli II and M. morganii 1
were moderate biofilm producers. Antibacterial
effects of distilled water and boric acid solutions of
flower-honey samples were determined against
microorganisms forming biofilms. Only 30% of flower

honey-boric acid solution had an antimicrobial effect
on M. morganii II which can form Dbiofilms.
Antibacterial effects of oak honey solutions were
reported to be lower than flower honey solutions
against biofilm-producing microorganisms. Milanov et
al. (2015) indicated that the biofilm-producing strains
might play an important role in the spread of
microorganisms in the environment and milking
systems. Cengiz et al. (2014) suggested that antibiotic
resistance profiles in herds should be monitored.
Moreover, they stated that the main cause of mastitis
treatment failure is the development of antibiotic
resistance. They detected that 67.8% biofilm-
producing FE.coli strains originated from cow mastitis.

Table 5. Antibacterial activity of oak honey-boric acid (2%) solutions
Cizelge 5. Megse bali-borik asit (2%) soliisyonunun antibakteriyel etkisi

Isolate code  Strain name B‘j“" acﬁl CefotulTe 30% 60% 90%
(fzolat kodw) ~ (Sus ismi) 2% m V 2 mg L (w VD) (wv) (wvD)
¥ (Borik asit) (Sefotaksim)
1 E colil 13.94+0.86Aa 20.13+£0.53Ab < 6.00Aac 16.84+0.38Acd 26.80+1.55Ad
2 E. coli 11 14.49+0.37Aa 18.29+0.33Ab < 6.00Aac 18.95+1.24Acd 28.40+1.96Ad
3 E. coli 111 15.72+0.13Aa 39.59+1.58ADb 28.40+0.52Aac 17.18+0.62Acd 26.97+0.18Ad
4 E. coli IV <6.00ABa 19.40+0.14ABb <6.00ABac <6.00ABcd 23.36+0.64ABd
5 E. coliV <6.00ACa 17.10+0.28ACb <6.00ACac 21.124+0.44ACcd  22.80+0.22ACd
6 E. coli VI <6.00Aa 43.27+0.37Ab 17.75+0.17Aac 21.18+0.12Acd 24.66+1.03Ad
7 E. coli VII <6.00Aa 44.20+0.55Ab 19.96+0.09Aac 16.23+0.01Acd 15.97+0.29Ad
8 M. morganiil <6.00Aa 42.57+0.25Ab 20.66+0.36Aac 16.39+0.50Acd 15.97+1.04Ad
9 M. morganii 11 13.05+0.64Aa 39.42+0.55Ab 12.16+0.23Aac 20.72+0.66Acd 30.23+1.03Ad
10 S. liquefaciens 15.44+0.54AD 45.44+0.83ADb <6.00ADac <6.00ADcd <6.00ADd
a
11 C. braakii <6.00Aa 21.05+0.38Ab 14.36+0.96Aac 19.29+0.36Acd 26.64+0.20Ad
E. coli ATCC 25922 <6.00Aa 43.89+0.26Ab 14.84+0.09Aac 19.79+£0.37Acd 23.58+0.52Ad
(ESBL negative control)
K. pneumoniae ATCC 700603 <6.00AEa 30.20+0.23AEDb 30.20+0.23AE < 6.00AEcd <6.00AEd

(ESBL positive control)

ac

* Capital letters (A) indicate that the difference between microorganisms is statistically significant (p< 0.05).
Lower case letters (b) show that the difference between concentrations is statistically significant (p< 0.05).

The antimicrobial activity of honey was firstly
observed in 1892. There are many studies about the
antibacterial activity of honey (BaltruSaityté et al.,
2007; Stierdem et al., 2018; Cakar et al., 2020; Yalazi
and Zorba, 2020; Al-Masaudi et al., 2021). Basically,
the antimicrobial activity of honey is associated with
acidity, pH, osmotic pressure caused by sugar
content, hydrogen peroxide produced enzymatically
by glucose oxidase, and phenolic compounds (Ulusoy
et al., 2010; Gunes et al., 2016; Nolan et al., 2019; Cil
et al., 2020). The antibacterial activities of flower
honey samples were higher than oak honey samples
in this research. The concentration of phenolic acids
and flavonoids, which differ according to plant flora
constituting the source of honey, are important due to
their antimicrobial effects (Nisbet and Aker, 2020). In
studies conducted about the polyphenol contents of
different types of honey in Turkey, catechin, luteolin,
and syringic acid were detected in flower honey.
However, catechin, wvanillic acid, syringic acid,
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daidzein, and luteolin were not identified in oak
honey from Thrace (Giines et al., 2016; Kolayli et al.,
2016; Nolan et al., 2019). Differences in polyphenol
contents of honey can explain antibacterial activity
levels.

Ozkirim et al. (2021) reported the antibacterial
activity of oak honey against biofilm-producing,
antibiotic-resistant clinical Z. coli ATCC 35218
strains. Similarly, in this study, oak honey samples
prepared with distilled water and boric acid solvent
had antibacterial activity against the weak, medium,
and strong biofilm producing £. coli strains. Stierdem
et al. (2018) reported that oak honey was the more
effective honey type because activity was measured
against some bacterial strains (Z faecalis ATCC
29212, Staphylococcus aureus ATCC 29213, S. aureus
ATCC 29213, S. aureus ATCC 6538P, Listeria
monocytogenes, and Salmonella Typhimurium ATCC
51812). Wasihun and Kasa (2016) reported the
antibacterial activity of red and white honey samples
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against multi-drug resistant clinical £. coli and K.
pneumonia strains. Kwakman et al. (2008)
determined bactericidal activity of 10-40% (v v'1)
Revamil honey prepared with phosphate buffer
against ESBL-producing FE. coli and K. oxytoca.
Bacayo et al. (2018) studied the antibacterial activity
of 25% (w v1) concentrate prepared with Mueller
Hinton broth and Tualang honey against K
pneumonia, and they identified antibacterial activity.
Mercan (2007) reported that honey samples from the
Sivas region had antimicrobial effects on M. morganii
strains. Similar to the results of these studies,
antibacterial activities of honey samples were
determined against F£. coli, K. pneumonia, and M.
morganil in this research.

In the literature, no study evaluated the antibacterial
activity of boric acid against the strains tested in this
study. Boric acid contains boron, a natural element,
which has been found in many foods like pistachio
nuts, plums, tea and coffee. Boron amounts were
determined in the order 13.8-18 pg g1, 21.5-27 pg g,
21.5-27 pg g1, and 14.33 pg g (Ipek, 2017). Boric acid
at 4 g kgl can be used as preservative for fish caviars.
It was emphasized that there was no cause for
concern in terms of genotoxicity (EFSA, 2013;
Demircan and Velioglu 2020; Liu et al.,, 2021). In
practice, 2% boric acid solutions are usually used for
human inflammatory treatments and 2% boric acid
solutions are not cytotoxic as an inflammatory surface
antiseptic agent (Anonymous, 2006; Anonymous,
2019; Liu et al., 2021). In this, 20 mg mL boric acid
was prepared as 2% solution against the animal
inflammatory disease mastitis as a natural antiseptic
solution for udder surface of the animal. Schmidt
(2017) stated that intact skin does not absorb boric
acid and boric acid in elemental form is safe for oral
ingestion up to 18 mg day! for an adult. The Panel on
Food Additives and Nutrient Sources organized by
the European Food Safety Authority (EFSA)
concluded that boric acid does not raise concerns in
terms of genotoxicity (EFSA, 2013). Furthermore,
Ilhan et al. (2019) reported the antibacterial activity
of boric acid against antibiotic-resistant L.
monocytogenes and S. aureus. This study by Ilhan et
al. (2019) provided significant information about the
antibacterial activity of boric acid against different
types of resistant bacteria. Liu et al. (2021) measured
the therapeutic effect of 3% boric acid on skin
microflora. They concluded that boric acid inhibited
candida, reduced microbial diversity, and improved
the microecological flora of mouse skin. Parin et al.
(2021) reported the antimicrobial activity of
polyamide 6/honey fibers loaded with boric acid
against FKscherichia coli and Staphylococcus aureus.
Almost all common bacteria or fungi were inhibited
with 10-20 mg mL boric acid (Hui et al., 2016). The
specific mechanisms of boric acid versus cells are not
clear. But studies indicate that boric acid increases
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the permeability of the pathogen cell wall, destroys
cell membranes, and inhibits cell membrane
formation (Liu et al., 2021). Nevertheless, the effect of
boric acid on microflora was rarely reported.

CONCLUSIONS

Today, the use of natural products for the treatment
of antibiotic resistant bacteria and the diseases
caused by these pathogens has attracted the attention
of researchers. This study showed that flower and oak
honey samples dissolved in distilled water and boric
acid (2%) solvents had significant antibacterial
activity potential against ESBL and biofilm producing
Enterobacterales. In conclusion, it is thought that
honey/boric acid solutions will be an alternative
method instead of antibiotics for the prevention or
treatment of mastitis caused by environmental
pathogens. This is a preliminary study before
cytotoxicity studies. Further studies are needed about
the applicability of honey/boric acid solutions.

ACKNOWLEDGEMENT

We are thankful to Assoc. Prof. Dr. Niikhet N.
Demirel Zorba and her laboratory members for their
kind support about standard bacterial strains, Food
Engineering Department, Canakkale Onsekiz Mart
University, Canakkale, Turkey. This research
received no grant from any funding agency/sector.

Author(S) Contribution

S. Ozdikmenli Tepeli participated conception and
design of the work, data collection, data analysis and
interpretation, performing the analysis, drafting the
article, critical revision, final approval of the version
to be published. B. Kaya was involved in data
collection, data analysis and interpretation,
performing the analysis, drafting the article. D. Ipek
was involved in data analyses, critical revision and
final approval of the version to be published.

Conflict of Interest
The authors declare no conflict of interest.

REFERENCES

Abdalhamed A M, Zeedan G S G, Abou Zeina H A A
2018. Isolation and identification of bacteria
causing mastitis in small ruminants and their
susceptibility to antibiotics, honey, essential oils,
and plant extracts. Vet World 11(3): 355-362.

Al-Masaudi S B, Hussain M B, Al-Maagar S M, Al
Jaouni S, Harakeh S 2021. Corrigendum to “In
vitro antibacterial activity of honey against
multidrug-resistant Shigella sonnei” Compl Ther
Clin Pract 43: 101283.

Anonymous 2006. T.C. Erciyes Universitesi Saglik
Uygulama ve Arastirma Merkezi Eczanede



KSU Tarim ve Doga Derg 25 (Ek Say1 1): 54-64, 2022
KSU J. Agric Nat 25 (Suppl 1): 54-64, 2022

Aragtirma Makalesi
Research Article

Yapilan Majistraller. https://hastaneler.erciyes.
edu.tr /Files/ formused/8d0300d8-55d9-45be-8dde-
21e8efdd805f. pdf (Retrieved date: 20.10.2021).

Anonymous 2019. Majistral Rehberi. https://www.
aeo.org.tr/Files/Yayinlar/majistral-kitapcik -revize-
web.pdf (Retrieved date: 20.10. 2021).

Anonymous 2021a. file:///C:/Users/burcu/Downloads/
Ar%C4%B1c%C4%B11%C4%B1k%20%C3%9Cr%C
3%BCn%20Raporu%202021-320%20TEPGE.pdf
(Retrieved date:20.11.2021).

Anonymous 2021b. https!//www.ncbi.nlm.nih.gov/
(Retrieved date:20.11.2021).

Bacayo M F D C, Shafi S F, Choon W C, Fattepur S,
Nilugal K C, Khan J, Asmani F, Yusuf E 2018. A
comparative study of the antimicrobial activity of
wild (Tualang) honey and artificial honey against
methecillin-  resistant Staphylococcus aureus,
Streptococcus  pneumoniae  and Klebsiella
pneumoniae. Proceedings of BROMO Conference.

Bal Y 2011. Organik siit inegi igletmelerinde mastitis
sorununa yaklagimlar. Vet Hekim Der Derg 82: 7-
14

Baltrusaityté V, Venskutonis P R, éeksteryté V 2007.
Radical scavenging activity of different floral
origin honey and beebread phenolic extracts. Food
Chem 101(2): 502-514.

Baykam N 2007. Wound care: antimicrobial
treatment of the wound. Hastane Enfek Dergll:
27-32.

Boorn K L, Khor YY, Sweetman E, Tan F, Heard T A,
Hammer K A 2010. Antimicrobial activity of honey
from the stingless bee Trigona carbonaria
determined by agar diffusion, agar dilution, broth
microdilution and time-kill methodology. J Appl
Microbiol 108(5): 1534—1543.

Cabarkapa I, Skrinjar M, Levic J 2015. Biofilm
forming ability of Salmonella enteritidis in vitro.
Acta Vet Belgrade 65: 371-389.

Cakir Y, Cobanoglu D N, Dervigoglu G, Kogyigit S,
Karahan D, Yelkovan S 2020. Determination
antimicrobial activity, palynological characteristics
and chemical composition of some honey samples
from Turkey. Mellifera 20(1): 41-60.

Cengiz S, Din¢ G, Sogiit MU 2014. Detection of
several virulence properties, antibiotic resistance
and phylogenetic relationship in Z. coli isolates
originated from cow mastitis. Acta Vet 64.

Cil G I, Kiiplila O, Cengiz G, Korkmaz S D, Arslan B,
Giircan S 2020. Antibacterial activity of Turkish
honey against selected foodborne
pathogens. Ankara Uni Vet Fak Derg 67:413-418.

Cinar A 2020. Determination of Antimicrobial
Activities of Different Flower Honeys. U.Bee.d.
20(1): 38-50.

Dahmen S, Métayer V, Gay E, Madec J Y, Haenni M
2013. Characterization of extended-spectrum beta-
lactamase (ESBL)-carrying plasmids and clones of
Enterobacteriaceae causing cattle mastitis in

62

France. Vet Microbiolo 162 (2-4): 793-799.

Das A, Guha C, Biswas U, Jana P S, Chatterjee A,
Samanta I 2017. Detection of emerging antibiotic
resistance in bacteria isolated from subclinical
mastitis in cattle in West Bengal. Vet World 10(5):
517-520.

Demircan B, Velioglu Y S 2020. Gida ve cevreden
alinan bor bilesiklerinin toksikolojik
degerlendirmesi. Akademik Gida 18(3):312-322.

Deniz D, Selvi S 2021. Kazdagi Milli Parki’min
(Edremit/Balikesir) cali ve agac florasi. AKU-
FEMUBID 21(5): 1005-1015.

EFSA Panel on Biological Hazards 2011. Scientific
opinion on the public health risks of bacterial
strains producing extended-spectrum B-lactamases
and/or AmpC B-lactamases in food and food-
producing animals 9:2322.

Erturk O, Sahin H, Kolayli S, Col Ayvaz M 2014.
Antioxidant and antimicrobial activity of East
Black Sea Region honeys. Turkish J Biochem
39(1): 99-106.

EUCAST 2013. European committee on antimicrobial
susceptibility testing guidelines for detection of
resistance mechanisms and specific resistances of
clinical and/or epidemiological importance. The
European Committee on Antimicrobial
Susceptibility Testing, Basel, Switzerland.

Glnes M E, Sahin S, Demir C, Borum E, Tosunoglu A
2016. Determination of phenolic compounds profile
in chestnut and floral honeys and their
antioxidant and antimicrobial activities. J Food
Biochem 41(3): e12345.

Hui Y, Yuan X D, Zhang T 2016. Vaginal retained
boric acid preparation and preparation method
there of China, CN105362289B.

Ibrahim D R, Dodd C E, Stekel D J, Ramsden S J,
Hobman J L 2016. Multidrug resistant, extended
spectrum B-lactamase (ESBL)-producing
Escherichia coli isolated from a dairy farm. FEMS
Microbiol Ecol 92(4). fiw013

I[Than Z, Ekin I H, Giilaydin O 2019. Antimicrobial
activity of boric acid solution against Listeria
monocytogenes and Staphylococcus aureus. Van
Vet J 30: 163-166.

Ipek D 2017. Applicability of Ezine Cheese process
lines disinfection by new disinfectant formulas
antibiofilm-antiquorum sensing agents. Canakkale
Onsekiz Mart University Graduate School of
Natural and Applied Sciences, Department of Food
Engineering, PhD Thesis, p .166.

Ipek D, Zorba NN 2018. Importance of biofilms on
dairy industry safety understanding microbial
pathogens (Current knowledge and educational
ideas on antimicrobial research, Formatex
Research Center, Spain: Ed. Torres-Hergueta E,
Méndez-Vilas A) 146-152.

Kolayli S, Sahin H, Can Z, Yildiz O, Sahin K 2016.
Honey shows potent inhibitory activity against the


https://www.ncbi.nlm.nih.gov/

KSU Tarim ve Doga Derg 25 (Ek Say1 1): 54-64, 2022
KSU J. Agric Nat 25 (Suppl 1): 54-64, 2022

Aragtirma Makalesi
Research Article

bovine testes hyaluronidase. J Enzyme Inhib Med
Chem 31(4): 599-602.

Kromker V N, Wente N, Zhang Y, Bolte J, Renner R,
Schmenger A, Titze I, Wallis J, Mayer P, Klocke D
2019. Comparison of a non-antibiotic treatment
with an antibiotic treatment of chronic mastitis.
Milchwissenschaft 72: 34-38.

Kwakman P H S, Van den Akker J P C, Giliclu A,
Aslami H, Binnekade J M, de Boer L, Boszhard L,
Paulus F, Middelhoek P, te Velde A A,
Vandenbroucke-Grauls C M J E, Schultz M J, Zaat
S A J 2008. Medical-Grade honey kills antibiotic-
resistant bacteria 1n vitro and eradicates skin
colonization. Clin Infec Dis 46(11): 1677—1682.

Laranjo M, Andrade N, Queiroga C 2018. Antibiofilm
activity of propolis extracts. Understanding
microbial pathogens: current knowledge and
educational ideas on antimicrobial research.
(Current knowledge and educational ideas on
antimicrobial research, Formatex Research
Center, Spain: Ed. Torres-Hergueta E, Méndez-
Vilas A) 1-8.

Leitner G, Zilberman D, Papirov E, Shefy S 2018.
Assessment of acoustic pulse therapy (APT), a non-
antibiotic treatment for dairy cows with clinical
and subclinical mastitis. Plos One 13(7): e0199195.

Liu Q, Liu Z, Zhang C, Xu Y, Li X, Gao H 2021.
Effects of 3% boric acid solution on cutaneous
Candida albicans infection and microecological
flora mice. Front Microbiol 12: 709880.

Magesh H, Kumar A, Alam A, Sekar U 2013.
Identification of natural compounds which inhibit
biofilm formation in clinical isolates of Klebsiella
pneumoniae. Indian J Exp Biol 51: 764-772.

Mercan N, Guvensen A, Celik A, Katircioglu H 2007.
Antimicrobial activity and pollen composition of
honey samples collected from different provinces in
Turkey. Nat Prod Res 21(3): 187-195.

Milanov D, Pruni¢ B, Velhner M, Todorovi¢ D,
Polacek V 2015. Investigation of biofilm formation
and phylogenetic typing of Escherichia coli strains
1solated from milk of cows with mastitis. Acta Vet
65(2): 202-216.

Nadia Z, Kheira G 2018. Impact of milking modalities
on the occurrence of subclinical mastitis and the
anti-bacterial effect of honey on isolated bacteria
(Escherichia col) South Asian J Exp Bio 8(1), 13-
18.

Nisbet C, Aker D 2020. Antioxidant activities, total
phenolic and flavonoid contents of honey collected
from different botanical origins. Ankara Univ Vet
Fak Derg 67: 133—-136.

Nolan V C, Harrison J, Cox JAG 2019. Dissecting the
antimicrobial composition of honey. Antibiotics
8(4): 251.

Ogedey E D, Comert F, Koktiirk F, Kiilah C, Aktas E
2016. Detection of CTX-M Enzymes in ESBL
(Extended-Spectrum Beta-Lactamases) Producing

63

FEscherichia coli and Klebsiella spp. Isolates. Turk
Mikrobiol Cemiy Derg 46: 88—96.

Oral H, Colak A, Polat B, Cengiz M, Cengiz S, Bastan
A, Kaya S 2014. Siiteli ineklerde subklinik
mastitisin tedavisinde aloe vera kullaniminin
etkinligi. Erciyes Univ Vet Fak Derg 2014, 11:
157-161.

Ozkirim A, Schiesser A, Kiciikozmen B, Ipek A,
Sorkun K 2021. Antimicrobial activitiy of oak
honey (Quercus spp.) on the pathogen bacteria.
Ege Univ Ziraat Fak Derg 58(2): 100-110.

Parin F N, Terzioglu P, Parin U, Yesilyurt A, Eroglu
M, Yildirnrm K 2021. Fabrication of polyamide
6/honey/boric acid mats by electrohydrodynamic
processes for wound healing applications
Polyamide 6/Honey/Boric Acid Bioactive
Fibers. Mater Today Commun 102921.

Polat R, Selvi S 2011. A research on bee plants of
Edremir (Balikesir). Harran J of Agri and Food
Sci 15(2): 27-32.

Santiago GS, Lasagno MC, Alencar TA 2015. AmpC-
lactamase production in Enterobacteria associated
with bovine mastitis in Brazil. Afr J Microbiol Res
9: 503-508.

Schmidt M, 2017. Boric acid inhibition of
Trichophyton rubrum growth and conidia
formation. Biol Trace Elem Res 180(2): 349-354.

Schukken Y, Chuff M, Moroni P, Gurjar A,
Santisteban C, Welcome F, Zadoks R 2012) The
“other” gram-negative bacteria in mastitis:
Klebsiella, Serratia, and more. Vet Clinics: Food
Animal Prac 28(2): 239-256.

Sepanovi¢ S, Vukovi¢ D, Daki¢ I, Savi¢ B, Svabié-
Vlahovi¢ M 2000. A Modified Microtiter-Plate Test
for Quantification of Staphylococcal Biofilm
Formation. J. Microbiol Methods 40(2): 175-179.

Stierdem TB, Akyalgin S, Altan S, Tosun MN 2018.
Screening of antimicrobial and antioxidant activity
of different types of honey samples obtained from
Geyikli (Canakkale) province. Communications
Faculty of Science University of Ankara Series C
Biology 27(2): 69-78.

Tepeli S, Zorba N N, 2017. Some properties of raw
milk produced in Canakkale (Yenice) city and
subclinical mastitis incidence. Trak Univ J Nat Sci
18:41-47.

Tepeli SO 2020. Origanum onites ve Ocimum
basilicun’un blacrxm pozitif Enterobacteriaceae
uzerine inhibitér etkisi. Canakkale Onsekiz Mart
Univ Fen Bilimleri Enstit Derg 6: 206-216.

Tepeli SO, Eser O, Giirpmar O, Besli Y, Zorba NN
2018. Presence of antibiotic resistance genes and
heat resistance in Enterobacteriacealesles isolates
obtained from cheese production stages. 147-148.
In: Proceeding of International XXXVIII. Turkish
Microbiology Congress. Antalya, Turkey.

Ulusoy E, Kolayli S, Sarikaya A O 2010. Antioxidant
and antimicrobial activity of different floral origin



KSU Tarim ve Doga Derg 25 (Ek Say1 1): 54-64, 2022
KSU J. Agric Nat 25 (Suppl 1): 54-64, 2022

Aragtirma Makalesi
Research Article

honeys from Tirkiye. J Food Biochem 34:321-335.

Valgas C, Souza S M de, Sméania E F A, Smania Jr A
2007. Screening  methods to  determine
antibacterial activity of natural products.
Brazilian J Microbiol 38(2): 369—380.

Wasithun A G, Kasa B G 2016. Evaluation of
antibacterial activity of honey against multidrug
resistant bacteria in Ayder Referral and Teaching
Hospital, Northern Ethiopia. Springer Plus 5(1).

Weston R J 2000. The contribution of catalase and

64

other natural products to the antibacterial activity
of honey: A review. Food Chem 71(2): 235-239.

Yalazi E, Zorba M 2020. Antioxidant and
antimicrobial properties of honeydew honey of Ida
mountains. Turkish J Agri-Food Sci and Tech 8(3):
587-593.

Yildirnm D, Pehlivanoglu F 2018. Carriage of
extended spectrum beta lactamase producing
Escherichia coli in calves. FU Sag Bil Vet Derg 32:
155-160.



KSU Tarim ve Doga Derg 25 (Ek Say1 1): 65-71, 2022 ¥
KSU J. Agric Nat 25 (Ek Say1 1): 65-71, 2022 B\ 7
https://doi.org/10.18016/ksutarimdoga.vi.981285 L DoGh

Cytogenetic Characteristics of Gerbillus dasyurus and Meriones tristrami (Rodentia:
Gerbillinae) from Kilis, Turkey: Conventional and C Banded Karyotypes

Zeynep COSAR!, Esra AKAN2, Haluk KEFELIOGLUS, Ahmet Yesari SELCUK‘*f

L2Graduate School of Sciences, Department of Biology, Ondokuz Mayis University, 556200 Samsun Tirkiye, 3Department of Biology, Faculty
of Art and Sciences, Ondokuz Mayis University, 55200 Samsun, Tirkiye, ‘Department of Forestry, Artvin Vocational School, Artvin Coruh
University, 08000 Artvin, Tturkiye

thttps://orcid.org/0000-0002-2996-3092, 2https://orcid.org/0000-0003-4839-6289, 3https://orcid.org/0000-0002-7421-6037
4httpsi//orcid.org/0000-0002-2785-2823

P4 ahmetyesari@gmail.com

ABSTRACT Biology
In this study, diploid chromosome number and constitutive
heterochromatin distributions of chromosomes were determined in Aragtirma Makalesi
Gerbillus dasyurus and Meriones tristrami species. The diploid . .
chromosome numbers (2n) and autosomal chromosome arms (NFa) Artlc.l e Hlstory.
of G. dasyurus and M. tristrami were determined as 2n=60, NFa= Received ) 10:08.2021
68, and 2n=72, NFa= 73, respectively. It was found that there were Accepted +24.12.2021
differences in autosomal chromosomal arms (NFa) of two different K d

. . . . . . eywords
gerbil species, the karyotypes of which were obtained in this study, Constitutive Heterochromatin
compared to previously conducted studies in Tturkiye. Heteromorphic Chromosome

chromosome pair (submetacentric/acrocentric) was found in the
autosomal set of M. tristrami. There was an enlarged
heterochromatin block on the short arm of submetacentric
chromosome in heteromorphic chromosome pair.

Tristram’s jird
Wagner’s gerbil

Gerbillus dasyurus ve Meriones tristrami (Rodentia: Gerbillinae) Tiirlerinin Sitogenetik Ozellikleri:
Standart ve C Banth Karyotipler

OZET Biyoloji

Bu ¢alismada, Gerbillus dasyurus ve Meriones tristrami tirlerinin

diploid  kromozom sayisi ve  kromozomlarin  konstitiitif Aragtirma Makalesi
heterokromatin dagilimlari belirlenmigtir. G. dasyurus ve M.

tristrami diploid kromozom sayis1 ve otozomal kromozom kol sayilar: Makale Tarihgesi

sirasiyla 2n=60, NFa= 68 ve 2n=72, NFa= 73 geklindedir. Gelis Tarithi  :10.08.2021
Karyotipleri elde edilen iki farkli gerbil tirinin otozomal kromozom Kabul Tarihi :24.12.2021
kol sayilarinda (NFa) Tiirkiye'den daha o6nce gerceklestirilen

calismalara kiyasla farkhilik oldugu belirlenmistir. M. tristramrinin Anahtar Kelimeler
otozomal kromozom setinde heteromorfik kromozom ¢iftinin Konstititif heterokromatin
(submetasentrik/akrosentrik) oldugu belirlenmistir. Heteromorfik Kromozom

kromozom ¢iftinde submetasentrik kromozomun kisa kolunda

geniglemis heterokromatin blok bulunmaktadair.

Tristrami ¢ol sigani
Wagner gerbili
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INTRODUCTION

The Meriones and Gerbillus, which are classified
within Gerbillinae subfamily, are two rodent genera
and their representatives are distributed in steppe
and semi-arid habitats (KryStufek and Vohralik,
2009). The genus Gerbillus is represented with one
species (Gerbillus dasyurus) in Tirkiye, while the
genus Meriones is represented with six species

(Meriones persicus, M. vinogradovi, M. dahli, M.
crassus, M. libycus and M. tristrami) (Krystufek and
Vohralik, 2009).

Meriones and Gerbillus species may show a large
number of chromosome variations. These species
draw attention with their variation fundamental
number arms (NFa) or constitutive heterochromatin
distributions (Lay et al., 1975; Lay, 1983; Qumsiyeh
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et al., 1986; Volobouev et al., 1995; Aniskin et al.,
2006; Abiadh et al., 2010; Kaya and Coskun, 2012;
Mahmoudi et al., 2020). There are limited numbers of
chromosome studies conducted on (. dasyurus in
Tirkiye (Yigit et al., 1997). The first record of G.
dasyurus from  Turkiye, the  northernmost
distribution border of the species, was reported by
Yigit et al. (1997). In this study, the standard
karyotype  characteristics and  morphological
characteristics of this species were reported. In the
studies carried out within the distribution borders of
G. dasyurus species, different researchers have
reported variations in the number of chromosomal
arm (NFa) of the samples (Qumsiyeh et al., 1986). A
similar situation is also true for M. tristrami species,
which is largely distributed in  Anatolia,
Transcaucasia and Middle East (Korobitsyna, 1975;
Korobitsyna and Korablev, 1980). In the studies
conducted to find out the karyological characteristics
of M. tristrami, this species has been found to have
different number of chromosomal arms in Anatolia
population (Kefelioglu, 1997; Yigit and Colak, 1998;
Kaya and Coskun, 2012; Mahmoudi et al., 2020).

The aim of this study is to perform a chromosome
banding analysis of the karyotype of G. dasyurus and
M. tristrami from Tirkiye with the use of C-banding
and to compare the results with previous studies
regarding the species.

MATERIAL and METHODS

One specimen (female) of G. dasyurus species and one
specimen (male) of M. tristrami species were collected
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using live animal catch traps from the province of
Kilis (N 36° 43' 00" E 37° 16' 00", Southeast Anatolia,
Turkish-Syrian border) between November 1 and 10,
2020. Chromosome preparations were obtained from
the femoral bone marrow cells of colchicine treated
animals (Ford and Hamerton, 1956). The diploid
chromosome number (2n), fundamental number of
autosomal arms (NFa) and sex chromosomes of the
specimens used in the study were identified. The
constitutive  heterochromatin  distribution was
determined using techniques from Summer (1972).
From each specimen, 10 to 20 slides were prepared
and at least 10 well-spread metaphase plates were
analysed. Tissue samples the skins prepared as
standard museums materials and karyotype
preparations of two species were stored in Ondokuz
Mayis University Cytogenetic laboratory for further
studies (Museum sample no: G. dasyurus : 41-AYS;
M. tristrami : 42-AYS). This study was carried out
with the permission of Ondokuz Mayis University
local ethics committee for animal experiments
(permission number: E-68489742-604.01.03.-12821).

RESULTS

The diploid chromosome number of G. dasyurus was
2n=60, NFa= 68 and NF=72. While five pairs of
chromosomes (chromosomes no: 1-5) were biarmed
chromosomes in autosomal chromosomes, 24 pairs of
chromosomes are acrocentric of different sizes
(chromosome no:6-29). X chromosome was a large
biarmed chromosome (metacentric or submetacentric)
(Figure 1).
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Figure 1. Conventional karyotype of G. dasyurus (female) from Kilis (Southeast Anatolia), arrow: biarmed

chromosomes in metaphase plates

Sekil 1. G. dasyurus’ un (disi) standart karyotipi, ok ¢ift kollu kromozomlar

66
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The diploid chromosome number of M. tristrami was sizes of acrocentric  (chromosome  no:3-35)
2n=72, NFa= 73 and NF=77. Autosomal chromosomes chromosomes. Of the sex chromosomes, the X and Y

had a pair of biarmed chromosomes (chromosomes no:
1), a pair of heteromorphic (chromosome no:2,
submetacentric/acrocentric) and 33 pairs of different

AAnn

chromosomes were biarmed chromosome (metacentric
or submetacentric) (Figure 2).
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Figure 2. Conventional karyotype of M. tristrami (male) from Kilis (Southeast Anatolia) and heteromorphic
chromosome no:2, arrow: biarmed chromosomes in metaphase plates
Sekil 2. M. tristrami’ nin (erkek) standart karyotipi ve heteromorfik 2. kromozom ¢ifti, ok ¢ift kollu kromozomlar

In the C-banded karyotype of G. dasyurus, the
constitutive heterochromatins were in the centromere
region, and they were notably distinct. The X
chromosome was distinctively C-band positive (Figure
3).

In the C-banded karyotype of M. tristrami, positive
constitutive heterochromatins were in the centromere
region. Contrary to this, some acrocentric autosomes
had not heterochromatin block. The X chromosome
was C-band positive. In addition, there was an
enlarged heterochromatic region on the short arm of
submetacentric chromosome 1in  heteromorphic

67

chromosome pair (chromosome no:2) (Figure 4).

DISCUSSION

In studies conducted to find out the karyotype
characteristics of (. dasyurus distributed in the
Middle East, Arabic peninsula, Egypt and Tirkiye’s
southeast region (Palestine, Wahrman and Zahavi,
1955; Israel, Wahrman et al., 1988; Egypt, Wassif et
al., 1969; Lay et al., 1975; Jordan, Qumsiyeh et al.,
1986, Abu Baker et al., 2009; Turkiye, Yigit et al.,
1997; current study), it was found that this species
had stable diploid chromosome number (2n=60),
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Figure 3. C-banded karyotype of G. dasyurus (female) and metaphase plates (a,b)
Sekil 3. G. dasyurus’un (disi) C bant karyotipi ve metafaz plaklari (a,b)
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Figure 4. C-banded karyotype of M. tristrami (male) and heteromorphic chromosome no:2, arrow: biarmed chromosomes in
metaphase plates

Sekil 4. M. tristrami’ nin (erkek) C bant karyotipi ve heteromortfik 2. kromozom c¢ifti, Ok. Cift kollu kromozomlar

68
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while variation (NFa= 66, 68, 70) was found in the
number of autosomal chromosome arm resulting from
the variation in the number of biarmed chromosome
(Qumsiyeh et al., 1986). Yigit et al. (1997) reported
that the karyotype of G. dasyurus was NFa=66.
However, the number of autosomal chromosome arms
found was NFa=68 in this study (Table 1). While

constitutive

heterochromatin

distribution

may

constitute nearly half of the total length of
chromosomes in karyotypes of Gerbillus species (G.
nigeriae and G. aureus, Pequignot-Viegas et al., 1984;
Volobouev et al., 1995), it may also show low rates of
heterochromatin density (Aniskin et al., 2006).
According to the results obtained this study (Figure
3a), heterochromatin regions in G. dasyurus were in

centromere regions.

Table 1. Karyological characteristics of G. dasyurus and M. tristrami species from Tirkiye, Southeast Anatolia
(Batman, Diyarbakir, Gaziantep and Kilis), Central Anatolia (Ankara, Konya, Kirikkale, Karaman),
West Anatolia (Izmir), East Anatolia (Agr), North Anatolia (Kastamonu). Metacentric (M),
Submetacentric (SM), Acrocentric (A) chromosome
Cizelge 1. G. dasyurus ve M. tristrami tiirlerinin Tiirkiye’ den belirlenen karyolojik ozellikleri, Glineydogu
Anadolu (Batman, Diyarbakir, Gaziantep ve Kilis), Merkez Anadolu (Ankara, Konya, Kirikkale,
Karaman), Bat1 Anadolu (Izmir), Dogu Anadolu (Agr1), Kuzey Anadolu (Kastamonu). Metasentrik (M),

Submetasentrik (SM), Akrosentrik (A) kromozom

Species Method Locality 2N NFa X Y References
Tirler Yontem Lokasyon N NFa X Y Kaynakca
G.dasyurus Conventional Kilis 60 66 SM A Yigit et al., 1997
G.dasyurus Conventional, Kilis 60 68 biarmed - In this study
C-banding
M.tristrami Conventional Izmir 72 72 M M Yigit et al., 1998
M. tristrami Conventional, Kilis 72 73 biarmed biarmed In this study
C-banding
M tristrami Conventional Kilis 72 74 SM SM Yigit and Colak,
1998
M. tristrami Conventional Gaziantep 72 74 SM - Kaya, 2010
M tristrami Conventional Various 72 76 SM SM Kefelioglu, 1997
locality
M. tristrami Conventional Karaman, 72 78 SM SM Yigit et al., 1998
Kastamonu
M.tristrami Conventional Various 72 80 SM SM Kefelioglu, 1997
locality
M tristrami Conventional Kirikkale 72 80 M M Demirbas and
Pamukoglu, 2008
M. tristrami Conventional Unknown 72 80 SM SM Arslan and Zima,
2014
M tristrami Conventional, Ankara, 72 80 M Asan et al., 2010
Ag-NOR Kirikkale
banding
M. tristrami Conventional, Konya 72 80 SM M Mahmoudi et al.,
C-banding, 2020
Ag-NOR
banding
M. tristrami Conventional Diyarbakir 72 82 M SM Kaya and
Cogkun, 2012
M.tristrami Conventional Agr 72 82 A A Yigit et al., 2006
M. tristrami Conventional, Batman 72 86 M M Uluturk, 2022
Ag-NOR
banding

In the studies conducted to find out the karyotype
characteristics of M. tristrami species distributed in
Transcaucasia, a part of Middle East and Anatolia
(Armenia and Azerbaijan, Korobitsyna and Korablev,
1980; Palestine, Hermann, 1973; Jordan, Qumsiyeh
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et al., 1986, S6zen et al., 2008; Iran, Mahmoudi et al.,
2020; Anatolia, Table 1), this species was found to
have a stable diploid chromosome number (2n=72)
and X chromosome was biarmed (except Yigit et al.,
2006). However, the number of biarmed chromosomes
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of M. tristrami was reported in extensive variation
(Matthey, 1957; Korobitsyna, 1975; Korobitsyna and
Korablev, 1980; Zima and Kral, 1984; Mahmoudi et
al., 2020; current study, Table 1). The intraspecific
variation of fundamental number of autosomal arms
(NFa= 70-86)in M. tristrami resulted from the
presence/absence of heterochromatic arms (Zima and
Kral, 1984; Korobitsyna and Korablev 1980;
Qumsiyeh et al., 1986). In addition to this, previously
conducted studies have reported that heteromorphic
chromosome pairs in the autosomal chromosome set
of M. tristrami species (speciemens from dJordan,
Sozen et al., 2008; Azerbaijan and Armenia,
Korobitsyna and Korablev, 1980; Turkiye, current
study).

Constitutive heterochromatin distribution in M.
tristrami bi-armed autosomes was C-positive as in
previous studies (Korobitsyna and Korablev, 1980;
Mahmoudi et al., 2020). In the karyotype of M.
tristrami, C-heterochromatin distribution of small
biarmed chromosomes can be in pericentromeric
region, while it may also be in the form of complete C-
heterochromatic arm (Mahmoudi et al., 2020). In the
results of a previous study performed on the
specimens from Transcaucasia (Korobitsyna and
Korablev, 1980) and the present study (Figure 4),
there was an enlarged heterochromatin block on the
short arm of chromosome in heteromorphic
chromosome pair.

As a conclusion, it was found that there were
differences in the autosomal chromosome arm rates
(NFa) of two different gerbil species (G. dasyurus and
M. tristrami), the karyotypes of which were obtained
in the present study, when compared with previously
conducted studies in Turkiye. Furthermore,
autosomal chromosome arm polymorphisms need to
be better characterized cytogenetically in similar
localities, particularly for Meriones tristrami.
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ABSTRACT Biology

The wusage of metallic nanoparticles are very common.

Environmentally friendly approaches in obtaining nanoparticles Research Article

attract a lot of attention because of their advantages. In this study,

an easy and economical biosynthesis of silver nanoparticles (AgNPs) Article History

was made with the extract of Celtis tournefortii LAM. leaf. For the Received $14.12.2021
characterization of synthesized nanoparticles, Spectrophotometer Accepted 1 18.02.2022
(UV-vis), Transmission Electron Microscope (TEM), Field Emission

Scan Electron Microscopy (FE-SEM), Atomic Power Microscopy Keywords

(AFM), Electron Disperse X-ray (EDX) Fourier Transformation AgNPs

Infrared  Spectroscopy (FT-IR), X-ray Diffraction (XRD), Antimicrobial
Thermogravimetric and Differential Thermal Analysis (TGA-DTA), Anticancer

Zeta Sizer and Zeta Potential Analysis data were used. As a result of Nanomedicine

the data analysis, it was determined that the AgNPs had a spherical FE-SEM

appearance, an average size distribution of 4.8 nm, had a maximum
absorbance at a wavelength of 482.13 nm, a crystal nanosize of 10.95
nm, and a surface charge of -21.6 mV. Inhibition activities of AgNPs
on the growth of pathogenic strains were determined by the
microdilution method. The results showed that the nanoparticles
were effective even at low concentrations. The Minimum Inhibitory
Concentration (MIC) value of the tested materials on the growth of
the strains was found between 0.03-1.00 ug mL1. Anticancer activity
of AgNPs was investigated on CaCo-2, U118, Skov3 cancer cell lines
and healthy cell line HDF by the MTT method.

Celtis tournefortii LAM. Yaprak Oziitiiyle Giimiis Nanopartikiillerin Hizli Biyosentezi; Antimikrobiyal

ve Antikanser Aktivitelerinin Incelenmesi

OZET Biyoloji
Metalik nanopartikiillerin  kullanim alanlari ¢ok yaygindir. )
Nanopartikiillerin elde edilmesinde ¢evre dostu yaklasimlar getirdigi Aragtirma Makalesi
avantajlar ile olduk¢a fazla ilgi gérmektedir. Bu galismada, Celtis Makale Tarihcesi
tournefortii. LAM yapragi oziutu ile gimiis nanopartikillerin Gal' a’l? _ahr,l ggs1 9.902
(AgNP'ler) kolay ve ekonomik bir biyosentezi yapildi. Sentez ile elde Kegsl ;H,}ll, ) e 12200
edilen nanopartikiillerin karakterizasyonu igin Spektrofotometre abul Tarthy:18.02.2022
(UV-vis), Gecirmeli Elektron Mikroskopu (TEM), Alan Emisyon An :
; : htar Kelimel
Taramah Elektron Mikroskobu (FE-SEM), Atomik Giig Mikroskopisi e
.. - . AgNP’ler
(AFM), Enerji Dagilimli X-Ray Floresans Spektrometre Cihaz s .
. s = . Antimikrobiyal
(EDX), Fourier déniisiim kizilétesi spektroskopisi (FT-IR), X-1sin1 Antikanser
difraksiyon (XRD), termogravimetrik ve diferansiyel termal analizi N
. .. . . anotip
(TGA-DTA), Zetasizer ve zeta potansiyeli analiz verileri kullanilda. FE-SEM

Analiz verileri sonucunda AgNP'lerin kiiresel bir gériinime sahip
oldugu, ortalama boyut dagiliminin 4.8 nm oldugu, 482.13 nm dalga
boyunda maksimum absorbansa, 10.95 nm kristal nano boyutuna ve
-21.6 mV ylizey yukiine sahip oldugu belirlendi. AgNP’lerin patojen
suglarin tremesi tuzerindeki inhibisyon aktiviteleri mikrodilusyon
yontemi ile belirlendi. Elde edilen sonuclar nanopartikiillerin disik
konsantrasyonlarda bile etkili olduklarini gosterdi. Test edilen
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materyallerin suslarin biiyiimesi tizerindeki Minimum Inhibitér
Konsantrasyon (MIC) degeri 0.03-1.00 pg mL1 arasinda bulundu.
AgNP'lerin antikanser aktivitesi, MTT yontemi ile CaCo2, U118,
Skov3 kanser hiicre hatlar1 ve saglikli hiicre hatti HDF {lzerinde

arastirildi.

Atif Sekli:

Baran A, Keskin C, Kandemir SI 2022. Celtis tournefortii LAM. Yaprak Oziitiiyle Giimiis Nanopartikiillerin

Hizh Biyosentezi; Antimikrobiyal ve Antikanser Aktivitelerinin Incelenmesi. KSU Tarim ve Doga Derg 25 (4):
72-84. httpsi//doi.org/10.18016/ksutarimdoga.vi. 1036488

To Cite : Baran A, Keskin C, Kandemir SI 2022. Rapid Biosynthesis of Silver Nanoparticles by Celtis tournefortii
LAM. Leaf Extract; Investigation of Antimicrobial and Anticancer Activities. Manuscript Title. KSU J. Agric
Nat 25 (4): 72-84. https://doi.org/10.18016/ksutarimdoga.vi.1036488

INTRODUCTION There are some studies on the usability of AgNPs as

Particles between 1-100 nm are known as anticancer agents. (Remya et al., 2015; Sarkar et al.,

nanoparticles (NPs) (Kumar et al., 2017). These
particles have a large surface area, superior physical
and chemical properties. Among the metallic
nanoparticles, Silver (Ag) (Baran 2019a), Gold (Au)
(Baran 2020 et al., ; Keskin et al., 2021), Zinc (Zn)
(Dogaroglu et al., 2019), Titanium (Ti) (Baran et al.,
2019b) are the commonly used ones. Among these
metallic nanoparticles, AgNPs are used in many
nanomedical applications, such as anticancer (Abu-
Dief et al., 2020), anti-inflammatory (Kumar et al.,
2019), antimicrobial (Mohammadi et al., 2019),
antioxidant agent (Khalil et al., 2019). In addition,
AgNPs can be used in bioremediation applications
(Francis et al., 2017), in catalysis studies (Thomas et
al., 2018), in cosmetics (Arroyo et al., 2020), and in
many different areas including the food industry
(Velmurugan et al, 2014). The AgNPs can be
obtained by various methods. Among these methods
physical, chemical and environmentally friendly
biological methods are most used. Biological methods
offer several advantages over physical and chemical
methods, such as being environmentally friendly, low
in cost, and not using toxic chemicals in the synthesis
stages (Patil et al., 2018 Rolim et al., 2019).
Synthesis studies made by plant sources among
biological methods, besides the ease of processing and
do not require special conditions stand out with
synthesizing more products. (Al-ogaidi et al., 2017).

Antibiotic resistance is an important problem and
numberless used antibiotics for treatment are
unfortunately ineffective on microorganisms. The
development resistance of microorganisms to
antibiotics also increases the needing for new
effective antimicrobial agents. The antimicrobial
effects of AgNPs obtained by environmentally friendly
synthesis methods have been demonstrated in many
studies (Singh et al., 2018; Baran, 2018; Oliveira et
al., 2019; Baran 2019a; Mohammadi et al., 2019;
Aktepe et al., 2021a).

Cancer is one of the common diseases of the age and
the treatment process is very troublesome. New
treatment methods and the discovery of new
anticancer agents for this disease are continued.
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2018; Satpathy et al., 2018; Pandiyan et al., 2019;
Baran et al., 2021; Gomes et al., 2021).

Celtis tournefortii, known as "Eastern fenugreek,
Dardagan, Digdige, Taok, Ingires or Dagdagan", is a
deciduous tree species that grows in high temperate,
tropical regions, and grows in high temperate,
tropical regions. It grows in countries such as Turkey,
Greece, Croatia, Iran, Ukraine, Iraq, and Azerbaijan.
The edible fruits of the tree are often consumed in
these countries. Celtis tournefortii fruit is used in
traditional folk medicine for shortness of breath,
chest pain, strengthening and polishing tooth, and
healing wound (Ural, 2001; Keser et al., 2017;
Kawarty et al.,, 2020). Studies on the Celtis genus
reported that have many phytochemicals such as
coumarins, tannins, flavonoids, terpenoids, alkaloids,
coumaroyl tyramines, steroids, and phenolics are
included in their chemical profile (Keser et al., 2017;
Yildirim et al.,, 2017; Gecibesler 2019). Phenolic
compounds show antioxidant activity through the OH
groups in their structures. In addition to their
antioxidant properties; they have antiallergenic,
antimutagenic, anticarcinogenic, antimicrobial, anti-
inflammatory and antithrombotic effects. In addition,
it 1s stated that regular nutrition with foods
containing high levels of flavonoids reduces the
incidence of diseases such as prostate and breast
cancer in the society (Demir and Akpinar, 2020).

This study was aimed to synthesize and
characterization of the AgNPs with the extract of
Celtis tournefortii leaves and to determine their
antimicrobial and anticancer effects.

MATERIAL and METHOD

Preparation of Plant Extract and Silver Nitrate
Solution

Plant leaves (Figure 1B) were collected from Mardin
Kiziltepe Region (37°17' 07.3" N and 40° 29' 03.0" E)
(Figure 1A) at the end of the summer period (end of
Augus‘p). Plant samples were identified by Dr Cumali
KESKIN. Plant samples were washed several times
using tap water and then distilled water and it was
dried in room condition. 100 grams of dried plant
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samples were placed in a flask containing 500 ml of
distilled water and allowed to boil. The obtained
extract was cooled at room conditions and filtered for
the using synthesis of nanoparticles.

Biosynthesis of AgNPs

A solution with a concentration of five millimolar
(mM) was prepared from silver nitrate (AgNOs;
Sigma Aldrich) salt for the biosynthesis of AgNPs.

100 ml plant extract and 100 ml AgNO3 solution were
mixed in a flask. The time depending colour changes
were observed at the synthesizing period. To evaluate
the formation and presence of AgNPs depending on
the color change, samples were taken and wavelength
scans were performed to determine the maximum
absorbances with the UV-vis spectrophotometer.

Characterization of AgNPs

To detect the formation and presence of AgNPs,
samples were taken with the color change due to the
reaction, and the maximum absorbance values were
examined by scanning in the wavelength range of
200-800 nm wusing the UV-vis Spectrophotometer
(Perkin Elmer One). With FT-IR (Perkin Elmer One)
spectroscopy, the spectrum changes of the frequencies
of the extract and the reaction liquid obtained after
the synthesis in the range of 4000-400 cm-1 were
evaluated to determine the functional groups
responsible for biosynthesis. The XRD (Rigaku
Miniflex 600) device was used to determine the
crystal patterns and sizes of synthesized AgNPs at 20
in the range of 20-80. The below Debye-Scherrer
equation was used to compute the crystal sizes
(Baran 2018; Baran et al., 2020).

D = KA/ (B cosb) (Eq. 1)

(D = particle size, K = constant value, A = X-ray
wavelength value, B = half of the FWHM value of the
maximum peak, 6 = Bragg angle of the high peak).

SEM (EVO 40 LEQ), FE-SEM, TEM (Jeol Jem 1010)
microscopes were used to determine the
morphological appearance of AgNPs as a result of
biosynthesis. In addition, the shape and topographic

distributions of AgNPs were also shown with
micrographs acquired by the AFM (Park System XE-
100) device. Elemental compositions of the

synthesized particles were evaluated using EDX
(RadB-DMAX 1II computer-controlled) device data.
The resistance of AgNPs to heat treatment was
determined by thermogravimetric and differential
thermal analysis (TG-DTA) are performed on DTG-
60H Simultaneous DTA-TG Apparatus Shimadzu.
The samples were heated to 25-900 °C at the rate of
10 °C min-1, individually in the atmosphere of dry air
and N2(g) flow rate of 20 cm3/min. Zeta potential and
zeta sizer analysis (Malvern, UK) data were also used
to determine the surface charges and size
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distributions of AgNPs.

Antimicrobial Activities of AgNPs

The antimicrobial activities of synthesized AgNPs
were determined against the growth of the pathogenic
strains by the microdilution method. Gram positive
bacteria Bacillus subtilis ATCC 11774 (B. subtilis)
and Staphylococcus aureus ATCC 29213 (S. aureus),
gram negative bacteria Pseudomonas aeruginosa
ATCC27833 (P. aeruginosa) and Escherichia coli (E.
col) ATCC25922 were used for MIC assay. In
addition, the antifungal effect of AgNPs was
determined on Candida albicans (C. albicans) yeast
with the same method. The C. albicans, S. aureus,
and E. coli microorganisms were procured from Inénii
University Medical Faculty Hospital Microbiology
Laboratory (in Malatya, Turkey), and B. subtilis and
P. aeruginosa microorganisms were procured from
Mardin Artuklu University Microbiology Research
Laboratory (Mardin, Turkey).

Gram-positive and gram-negative bacteria (Nutrient
agar) and yeast (Sabora dextrose agar) were
incubated in the growing medium at 37 °C overnight.
McFarland solution was prepared with a turbidity
value of 0.5 by using bacteria and yeast strains grown
on the medium plates (Emmanuel et al., 2015). Then,
Mueller-Hinton Broth (bacteria) and Roswell Park
Memorial Institute 1640 broth (yeast) medium were
transferred to 96 well microplates in appropriate
amounts for microorganisms. Some wells were
designated for sterilization and control steps.
Solutions containing AgNPs at different
concentrations were prepared and transferred into
microplates. Afterwards, a series of micro dilutions
were applied to the wells to ensure the distribution of
AgNPs in the medium. After this process,
microorganism solutions prepared according to
McFarland 0.5 were added into the microplate wells.
At the end of the administration, the prepared
microplates were kept in incubation at 37 °C for one
night. After the incubation period, the microplates
were examined for the growth of microorganisms. The
concentration of the well where growth occurred was
determined as the MIC value.

Anticancer Effects of AgNPs

Anticancer effects of AgNPs obtained by biosynthesis
were carried out in Dicle University Scientific
Research  Center, Cell Culture Laboratory
(Diyarbakir, Turkey), using the MTT method. Cell
lines used in the experimental application were
obtained from the American Type Culture Collection
(ATCO). The cytotoxic effects on Glioblastoma (U118),
Human Colorectal Adenocarcinoma (Caco-2), Human
Ovarian sarcoma (Skov-3) cancer cell lines used in the
application, as well as on healthy cell line Human
Dermal Fibroblast (HDF) cell lines were investigated.
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CaCo2, U118, and HDF cell lines were grown in 75 t-
flasks in Dulbecco's Modified Eagle (DMEM) medium
containing 2 mM L-Glutamine, 10% FBS, 100 U/ml
Penstrep. The Skov-3 cell line was also grown in
RPMI media with 10% FBS, 100 U/ml Penstrep in 75
t-flasks. The flasks of the cultured cell lines were kept
in an oven at 37 °C with 5% CO2, 95% air, and
humidity conditions for cell growth. Then, it was
examined whether the cell lines were at 80%
confluence with a hemocytometer and resuspended at
different concentrations. Suspended cell lines were
transferred to 96-well microplates and incubated
overnight. At the end of the period, AgNPs with
concentrations ranging from 25 pg ml! to 200 pg ml?
were added to the wells cultured with cell lines and
allowed to interact for 48 hours. After the interaction
period, MTT solution was added to the microplate
wells and waited for 3 hours. Then DMSO (Dimethyl
sulfoxide) was added and waited for 15 minutes. After
these procedures, the absorbance data of the cells
were evaluated at a wavelength of 540 nm by the

._mf. > o 4v.'" .

MultiScan Go, Thermo device. The Absorbance values
of the cell lines and the concentrations of AgNPs that
suppressed the % wviability on the cell lines were
calculated using Equation 2 given below (Remya et
al., 2015)

%viability =U/C*100 (2

In the equation, U; The absorbance values of the cells
after interaction with AgNPs, C; represents the
absorbance values of control cells.

RESULT and DISCUSSION
UV-vis spectrophotometric data

A rapid color changes off yellow to brown were
observed after the 5 minutes from mixing solution.
This color change and the 482.13 nm maximum
absorbance bands (Figure 1) that show surface
plasma resonance vibrations (SPR) due to the
formation of AgNPs are characteristic data of AgNPs
(Luna et al., 2015; Eren and Baran 2019).

Figure 1. A. C. tournefortii éeographical location of thegrowing area, B. leaves of the plant, C. plant extract
image, D. color change as a result of the synthesis of AgNPs, and E. UV-vis Spectrophotometric data

showing the presence of AgNPs

Sekil 1. A. C. tournefortiihin yetistigi alana ait cografi konum, B. bitkinin yapraklari, C. bitki 6zt goriintist,
D. AgNP'lerin sentezi sonucunda meydana gelen renk degisimi ve E. AgNP'lerin varligimi gésteren UV-

vis spektrofotometrik verileri

XRD analysis

XRD analysis data performed to evaluate the crystal
pattern and dimensions of AgNPs, the spectra were
taken at 111°, 200°, 220°, and 311° at 26. The values
of these spectra determined as 38.06, 44.35, 64.35,
and 77.26 respectively (Figure 2). XRD data show
that the crystal pattern of AgNPs are cubic and they
have 10.95 nm crystal size. (Krishnaraj et al., 2010;
Patra et al., 2016; Rani et al., 2020).

FTIR analysis

FTIR spectra of the plant extract and the reaction
liquid after synthesis were used in the evaluation of
the functional groups of phytochemicals that may be
responsible for the reduction of the Ag* form to the
Age form. Frequency shift was detected at three
points (Figure 3). The shifts in the FTIR spectrum at
3337. 81-3330. 20 cm, 2122. 95-2122. 80 cm, and
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1635. 48-1635. 33 cm'! are due to the bioreduction of
hydroxyl groups (O-H stretch), aromatic groups (C=C
stretch), flavonoid and phenolic groups ( C=0
stretching) has shown to be effective (Kumar et al.,
2015; Khan et al., 2018; Hemmati et al., 2019; Jebril
et al., 2020). In addition, the frequency shift occurring
at 163548 cm! showed the effectiveness of proteins as
a capping agent in AgNPs in ensuring the stability of
AgNPs in synthesis (Hemmati et al., 2019).

FESEM and TEM micrographs of AgNPs

The images of the morphological appearances of
AgNPs in FE-SEM and TEM micrographs were
determined. As seen in Figure 4, TEM and FESEM
micrographs showed that AgNPs exhibited a
spherical appearance (Kumar et al., 2016, Othman et
al., 2017, Thomas et al., 2018, Wongpreecha et al.,
2018). AgNPs were evaluated to have an average size
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of 5.28-10.80 nm in TEM micrographs (Gopinath et

al., 2016; Atalar et al., 2021).
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Figure 2. X-ray diffraction of the crystal patterns of biosynthesized AgNPs
Sekil 2. Biyosentezi yapilan AgNPlerin kristal desenlerine ait X-ray diffractionu
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Figure 3. FTIR spectra of C. tournefortii plant extract (A) and reaction liquid obtained as a result of Synthesis (B)
Sekil 3. FTIR spektrumlari; A. C. tournefortii bitki oziitii ve B. Sentez sonucunda elde edilen reaksiyon sivilarinin ait

EDX analysis

EDX data was used for the evaluation of the
elemental compositions of nanoparticles synthesized
with C. tournefortii leaf extract. It was determined
that almost all of the particles were formed by AgNPs
with the presence of strong peaks belonging to the
silver field (Pallela et al., 2018). The low peaks of
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elements such as carbon and oxygen are due to the
phytochemicals in the plant extract, which act as a
capping agent that provides stability on the surface of
AgNPs (Vastrad 2016; Kumar et al., 2019; Das et al.,
2021). The frequency shifts in the FTIR spectra in
Figure 3 also supports this situation.
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C and D FESEM micrographs

Figure 4. Morphological appearances of AgNPs after biosynthesis with C. tournefortii leaf extract; A and B TEM,

Sekil 4. C. tournefortii yaprak 6zttt ile biyosentez sonrasi AgNPlerin morfolojik gortintimleri; A ve B TEM, C ve

D FESEM mikrograflar

TGA-DTA analysis

TGA-DTA data obtained at 25-1000 °C was used to
determine the resistance of AgNPs to temperature
changes. In the graphics, it was seen that 2.47%,
9.38% and 6.38% mass losses occurred at 18.4 °C,
423.72 °C and 878.41 °C, respectively (Figure 5). The
first mass loss is due to the loss of water adsorbed at

18.4 °C. The second mass loss at 423.72 °C and the
third at 878.41 °C is due to the phytochemicals found
on the surface of AgNPs (Baran 2019¢; Rolim et al.,
2019; Keskin et al., 2021). The weak C and O peaks in
the EDX profile in Figure 6 also confirm this
situation.
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Figure 5. AgNPs Thermal resistance temperature points with A and B TGA-DTA data of AgNPs after

biosynthesis

Sekil 5. Biyosentez sonrasit AgNPlerin A ve B TGA-DTA datalariyla
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Figure 6. EDX profile of elemental compositions of post-biosynthesis particles with C. tournefortii plant extract
Sekil 6. C. tournefortii bitki 6zuti ile biyosentez sonrasi partikiillerin element kompozisyonlarinin EDX profili
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Zeta size and zeta potential distributions of AgNPs

The zeta size and zeta potential analyses were
performed to determine the surface charges and size
distributions of the biosynthesized AgNPs, it was
determined that AgNPs has an average size
distribution of 4.8 nm and a surface charge of -21.6
mV. (Figures 7A and 7B). There is no standard size in
nanoparticle synthesis, different sizes of
nanoparticles can be synthesized. Remya et al., 2015,
Alkhulaifi et al., 2020, and Singh et al., 2018 reported
the average nanoparticle sizes as 27-32 nm, 59.74 nm
and 5-10 nm, respectively. On the other hand,
synthesized AgNPs exhibit only negative charge
distribution is important data showing that AgNPs
are stable. Green way synthesized AgNPs show better
negative  charge distribution = compared  to
conventional (Chemical and physical way) synthesis
studies. In this polymer matrix, the presence of
oxidized hydroxyl groups of free electrons is the factor

that makes the system more stable in colloidal form.
The negative charge distribution is due to the
phytochemicals present on the surface of AgNPs
(Pugazhendhi et al., 2018; Oliveira et al., 2019; Jebril
et al., 2020). The results of FTIR spectra, EDX profile,
and TGA-DTA graphs given in Figure 3, Figure 5,
Figure 6, support this data. The different surface
charges of AgNPs cause problems such as fluctuation
and aggregation due to electrostatic attraction
between nanoparticles (Al-ogaidi et al, 2017
Satpathy et al., 2018) and this situation negatively
affects their stable structure (Al-ogaidi et al., 2017;
Satpathy et al., 2018; Patil et al., 2018). AgNPs
obtained by biosynthesis exhibited a stable structure
with the surface charge distribution of -21.6 mV. In
other studies reported that the obtained AgNPs show
-19 mV (Al-ogaidi et al., 2017; Oliveira et al., 2019)
and —22 + 5 mV (Ferreyra Maillard et al., 2018) zeta
potential distribution.
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Figure 7. AgNPs after biosynthesis; A. Density-dependent size distribution, B. Zeta potential charge distribution

graphs

Sekil 7. Biyosentez sonrasi AgNPlerin; A. Yogunluga bagh boyut dagilimi, B. Zeta potansiyeli ylik dagilimi

grafikleri

AFM micrographs of AgNPs

Topographic distributions and structures of the
biosynthesized AgNPs were evaluated by AFM. As
seen in Figure 8, it was seen that AgNPs were
spherical, showed monodisperse properties and had
dimensions below 15 nm (Swamy et al., 2015; Kumar
et al., 2017; Rauf et al., 2021).

Antimicrobial effects of AgNPs

The effects of AgNPs synthesized with C. tournefortii
leaf extract on pathogen strains were determined by
defining MIC by the microdilution method. To
compare this effect, the same application steps were
performed in standard antibiotics and AgNOs
solution. The data show that concentrations of 0.03-
1.00 ug mL-1 have a suppressive effect on the growth
of microorganisms (Table 1 and Figure 9). 0.06-0.13
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pg mL1 and 0.50-1.00 pg mL! AgNPs concentrations
showed effective suppressor activity on gram-positive
B. subtilis, S. aureus and gram-negative bacteria P.
aeruginosa, FE. coli respectively. AgNPs showed
effectiveness on C. albicans growth with 0.03 pg mL!
at a much lower concentration than antibiotics and
silver nitrate solution. AgNPs are ionized in a liquid
medium and tend to show high reactivity. After being
ionized in the aqueous environment, they interact
with the microorganisms in the same environment
depending on the electrostatic attraction force
(Narayan and Dipak 2015; Ahmed et al., 2016; Aina
et al., 2018). After the interaction, they cause an
increase in reactive oxygen species (ROS) within the
microorganisms. Biomolecules with a high affinity for
ROS (such as cell membrane, DNA, RNA, some
enzymes) are adversely affected by this situation. The
functions and structure of adversely affected
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biomolecules are impaired. Due to these reasons, the
death of the microorganism occurs (Emmanuel et al.,

2015; Shao et al., 2018). In Table 2, some biosynthesis
studies using the green synthesis method are given.
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Figure 8. AFM micrograph of topographic structures and shapes of AgNPs
Sekil 8. AgNP’lerin topografik yap: ve sekilerinin AFM mikrografisi

Table 1. Antimicrobial effect concentrations of AgNPs, antibiotics and silver nitrate solution on the growth of

microorganisms

Tablo 1. AgNPlerin, antibiyotiklerin ve giimliis nitrat ¢ozeltisinin mikroorganizmalarin tiremeleri tizerinde
antimikrobiyal etki gosterdikleri konsantrasyonlari

TESTED ORGANISM AgNPtcz Silver N1t_rate Ant1b1of,10
pg mlL1 pg mlL1 pg mlL!
S. aureus 0.13 2.00 2.00
B. subtilis 0.06 1.00 0.50
E. coli 1.00 4.00 4.00
P. aeruginosa 0.50 2.00 4.00
C. albicans 0.03 0.50 1.00
AgNPs
47 u Silver Nitrate
3,5 S
Antibiotic
3 .
<25 -
—
g 2
215 -
1 .
05 -
0
S. aureus B.subtilis E. coli P. aeruginosa C. albicans

Figure 9. Comparison of Antimicrobial Effects of AgNPs with AgNO3s and antibiotics
Sekil 9. AgNP’lerin Antimikrobiyal etiklerinin AgNOs ve antibiyotiklerle kargilagtirilmas:

Anticancer Effects of AgNPs

The most important advantage of plant-based
synthesis is that there is no need to use chemicals.
Phytochemicals  (phenols, amines, flavonoids,
terpenes), especially phenolic compounds, in their
structure facilitate the synthesis. In addition, these

phytochemicals can be shown as the source of many
other Dbiological activities of mnanoparticles. The
functional  groups of these phytochemicals
surrounding nanoparticles are preferred in anticancer
studies due to their bonding properties (Demir at al.,
2020; Aktepe et al., 2021b). The viability-suppressing
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effects of biosynthesized AgNPs were investigated
using the MTT (3-(4,5-Dimethylthiazol-2-yl)-2,5-
Diphenyl tetrazolium Bromide) method on U118,
CaCo-2, and Skov-3 cancer cell lines and healthy cell
line HDF. As seen in Table 3 and Figure 10, AgNPs
have a very low toxic effect on healthy cell line HDF
at a concentration of 25 pg mL! with a viability rate

of 79.45%. In cancer cell lines, it was observed that it
was most effective on the CaCo-2 cell line with an
inhibition rate of 58.99%. On the U118, Skov-3 cell
lines, it was determined that the viability rate of
24.83% and 30.86%, respectively, was suppressed at
200 pg mL1 concentration.

Table 2. Antimicrobial effects of AgNPs obtained by biosynthesis in green synthesis studies
Tablo 2. Green sentez ¢alismalarinda elde edilen AgNPlerin antimikrobiyal etkileri
Biological Average Gram-Negative | Gram-Positive Ref.
Source Size (nm) pg mL1 pg mL1 clerences
Camellia sinensis 23 7-30 30-250 (Rolim et al., 2019)
Chitosan >20 39.1 312.5 (Wongpreecha et al., 2018)
Fritillaria 10 2-8 1-4 (Hemmati et al., 2019)
Citrullus lanatus 21.27 0.13-0.25 0.50-1.00 (Aktepe and Baran, 2021a)
Acalypha indica 20-30 10 10 (Krishnaraj et al., 2010)
Hawthorn leaf 16.50 0.11 0.25 (Baran, 2019b)
Madhuca longifolia 30-50 80-90 40-60 (Patil et al., 2018)
Abelmoschus esculentus 19.05 0.12-0.50 0.03-0.12 (Hatipoglu, 2021)
£ ”m”f amygdalus L. 14.67 1.00-2.00 0.13 (Aktepe and Baran 2021b)
almond)
Pistacia terebinthus 15 0.8 0.32 (Baran 2018)
C. tournefortii leaf extract 10 0.06-0.13 0.50-1.00 This study
Table 3. % viability rates as a result of interactions of AgNPs with cell lines
Tablo 3. Hiicre hatlarinin AgNPlerle etkilesimleri sonucunda % canlilik oranlari
Cell Line 25 50 100 200
pg mlL-1 pug mlL-1 pug mL-1 ug mL-1
HDF 79.45 67.55 67.55 41.00
U118 93.93 84.57 78.86 75.17
CaCo-2 41.01 34.22 32.42 26.69
Skov-3 100 95.76 90.88 69.14

The AgNPs have high oxidative effects and tend to
settle on some biomolecules (such as cell membrane,
nucleus). They are localized to these biomolecules and
cause toxic effects by causing damage to biomolecules
with the increase of ROS, and also by stimulating
apoptosis and directing the cell to death (Gliga et al.,
2014; Remya et al., 2015; Morais et al., 2020). As a
result of these effects, the toxic effects of Ag* ions
released in living environments should be examined
and evaluated (Wongpreecha et al., 2018). Some
properties of nanomaterials play a decisive role in
their toxic effect. These include properties such as
concentration, shape, charge, exposure time,
chemistry of the surface composition, degree of
deposition, and size (Rolim et al., 2019).

In environmentally friendly synthesis studies, it has
been stated that AgNPs have toxic effects on CaCo-2
from cancer cell lines at concentrations of 3.75 pg mL-
1 (Mohmed et al., 2017) and 5 pg mL-1 (Zein et al.,
2020) in suppressing viability. In studies with HDF
and Skov-3 cells, it was stated that 25 pg mlL-1
concentration suppressed the viability of the cells
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(Aktepe et al.,, 2021a; Baran et al., 2021). Various
properties of nanoparticles such as interaction times,
sizes, surface charges, concentrations, shapes,
deposition degrees play a role in determining their
toxic activities (Remya et al., 2015; Swamy et al.,
2015).

CONCLUSION

This is the first study on biomedical applications of
silver nanoparticles obtained using Celtis tournefortii
leaf extract. The biosynthesis of AgNPs was carried
out in an environmentally friendly, easy and cost-
effective way. The characteristic properties of the
synthesized AgNPs were determined by UV-vis, FT-
IR, FE-SEM, TEM, AFM, EDX, XRD, TGA-DTA, Zeta
sizer, and Zeta potential analysis data. It was
determined that AgNPs had an average size of 10 nm,
a spherical morphological appearance, a maximum
absorbance of 483.13 nm, and a surface charge of -
21.16 mV. The results of analyzing data such as TGA-
DTA, EDX, AFM showed that these AgNPs have only
a negative charge with -21.6 mV and that AgNPs
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have a stable structure. The Microdilution method
was determined that synthesized AgNPs showed the
antimicrobial effect on pathogen strains even at very
low  concentrations. The MTT assay data
demonstrated the suppressive effect of AgNPs (25 ug
mL1), especially on the CaCo-2 cancer cell line, with a

on healthy cells lines (HDF), it was seen that it has a
quality that can eliminate the toxic effect concerns
with its 79.45% viability rate when used as an
anticancer agent. It is thought that the application
steps of biosynthesized AgNPs will contribute to the
search for antimicrobial and anticancer agents,

survival rate of 58995%. In addition, in the especially in biomedical applications.
examinations of AgNPs to evaluate their toxic effect
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Figure 10. % viability rates resulting from the interaction of AgNPs on cell lines for 48 hours with the MTT

method

Sekil 10. AgNPlerin MTT metoduyla hiicre hatlari tizerinde 48 saat etkilesimleri sonucu canlilik oranlari
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ABSTRACT Biology
The anatomical properties of Noccaea camlikensis and N. cariensis
were determined in this study. The roots have a secondary root type. Research Article
The stem cross-sections have a single-layered epidermis, : :
parenchymatous cortex, one layered distinct endodermis, vascular Artlc.le Hlstory‘
bundles with sclerenchymatic caps, and parenchymatic pith cells. Received :17'02'2021
Equifacial and bifacial mesophyll types are observed in the leaves, Accepted 112.02.2022
with multiple-layered palisade tissue, and the spongy parenchyma is K d
. . eywords
well-developed. Vascular bundles are small in the leaves except in Cruciferae
the leaf midrib. Anisocytic stomata type are observed in the surface Noccaea
sections. The assessment of anatomical characteristics of the studied Thiaspi
Noccaea species, such as the number of cortex in the stem and the e
shape of midvein of leaf, are of taxonomical value.
Tiirkiye’den Noccaea Moench (Brassicaceae) Cinsi Anatomisi Uzerine Katkilar
OZET Biyoloji
Bu calismada, Noccaea camlikensis ve N. cariensisin anatomik
ozellikleri belirlenmistir. Kékler, sekonder kok tipine sahiptir. Gévde Aragtirma Makalesi
enine kesitlerinde, tek tabakali epidermis, parankimatik korteks, ; ;
tek tabakali belirgin endodermis, sklerenkimatik baglikli iletim Makale T.ar'lhge.s1
demetleri ve parankimatik 06z hiicreleri vardirYapraklarda c¢ok Gelis Tarll'n' ) 17.02.2021
tabakali palizat parankimasi ve 3-4 sirali siinger parankimasi Kabul Tarihi = :12.02.2022
bulunan ekvifasiyal mezofil tipi gézlemlenmigtir. Iletim demetleri Anahtar Kelimeler
orta damar hari¢ kiigiiktiir. Yiizeysel kesitlerde anizositik tip stoma Cruciferae
gozlemlenmigtir. Incelenen Noccaea tirlerinin goévde korteksinin Noccaea
sayis1 ve yaprak orta damarinin sekli gibi anatomik o6zelliklerinin Thiaspi
degerlendirilmesi taksonomik degere sahiptir. Taksonomi
Ataf Sekli: Citak BY 2022. Tiirkiye’den Noccaea Moench (Brassicaceae) Cinsi Anatomisi Uzerine Katkilar. KSU Tarim
ve Doga Derg 25 (Ek Say1 1): 85-92. https://doi.org/10.18016/ksutarimdoga.vi.881805
To Cite : Citak BY 2022. Contribution to knowledge on the anatomy of the genus Noccaea Moench (Brassicaceae)
From Turkey. KSU J. Agric Nat 25 (Suppl 1): 85-92. https://doi.org/10.18016/ksutarimdoga.vi.881805
INTRODUCTION conservative and thus apt for obtaining a more

The family Brassicaceae, or mustard family, is a
monophyletic group of about 338 genera and 3709
species with global distribution (Hall et al. 2002;
Bailey et al. 2006). An evaluation of its morphology
and generic circumscriptions, and a new tribal
alignment was proposed by Al-Shehbaz (Al-Shehbaz,
2012).

In the past, the generic and subgeneric concepts of
the genus 7Thlaspi L. (Brassicaceae) have changed
several times and have been the subject of partly
polemically debated classifications. Meyer (1973,
1979; summary in 1991), who introduced a
classification largely based on the seed-coat
anatomical characters, which were considered to be

natural system, while the siliquae characters proved
to have evolved convergent evolution, to split 7Thlaspi
into 12 genera. These proposals were rejected by the
Med-Checklist (Greuter et al., 1986) and the most
recent standard Floras, such as Flora Europaea
(Clapham and Akeroyd, 1993), Flora Iberica (Pujadas
Salva, 1993), Flora of Turkey Supplement 1 (Davis et
al., 1988) Flora Hellenica (Artelari, 2002), and, by
inference, also Flora of Turkey Supplement 2
(Yildirimli, 2000). In contrast, they were convincingly
supported by the molecular-based studies of
Mummenhoff and Zunk (1991), Koch et al. (1993),
Mummenhoff and Koch (1994), Mummenhoff et al.
(1997a, b) and Koch and Mummenhoff (2001).
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When Aytac et al. (2000) described Noccaea
camlikensis Aytag, Nordt and Parolly as a new
species for the genus Noccaea, they largely adopted
Meyer’s classification and generic concepts. Indeed,
recent floristic studies (e.g., Al-Shehbaz, 2010, 2012;
Al-Shehbaz and Watson, 2011) have recognized
Noccaea as distinct from 7Thlaspi. Later, Al-Shehbaz
(2014) announced a synopsis of the genus Noccaea,
and 7Thlaspi cariensis Carlstrom was accepted as
Noccaea cariensis (Carlstrém) Parolly, Nordt and
Aytac. In his Noccaea synopsis, Al-Shehbaz (2014)
used a broad concept for delimitation of that genus
and transferred all Meyer's segregates to Noccaea,
with the exception of Thlaspi s.str. and Noccidium.
The aim of the present study is not to discuss those
controversial issues and in this study the generic
concept of Noccaea adopted by Al-Shehbaz (2014) is
accepted. Threated categories of N. camlikensis and

N. cariensis are evaluated as critically endangered
(CR) QIUCN, 2001).

For years, anatomical characters have been of crucial
importance in detecting the taxonomic and
phylogenetic relationships of particular plant groups
and have been successfully used in the Brassicaceae
(Atceken et al., 2016; Karaismailoglu, 2019; Sirin and
Karaismailoglu, 2020; Citak and Dural,
2020).Metcalfe and Chalk (1957) indicated that the
important discriminative anatomical traits of
Brassicaceae include stomata and epidermal cell type
and structures of the vascular bundles, which may
supply insight into many taxonomical characters
displayed to be significant in the species classification
(Stace, 1984). Some notes on 7hlaspi genus were
declared include the pattern of epidermal cell and
mesophyll layers, the number and size of vascular
bundles, and the thickness of the cortex and
endodermis (Karaismailoglu and Erol, 2020).
However, there has been no taxonomic research
conducted on the anatomy of the genus Noccaea in
Turkey. Thus, the main aims of this study were to 1)
identify and examine the anatomical characteristics
of Turkish Noccaea camlikensis and N. cariensis and
2) elucidate the systematic value of the these traits.

MATERIAL and METHODS
Species collection

The specimens of N. camlikensis and N. cariensis
were collected from the below-mentioned localities.
The plant specimens of the studied species were
stored at the herbarium of the Department of Biology,
University of Selcuk (KNYA).

N. camlikensiss C4 Konya:
Village, Kizildag, stony places,
21.05.2015, H.Dural-3569- B. Citak
N. cariensis: C2 Mugla: Marmaris, stony places, 1000
m., 03.06.2015, H.Dural-3590-B. Citak.

Derebucak, Camlik
1400-1500 m.,
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Anatomical analysis

The paraffin method was applied to the vegetative
organs of both studied Noccaea species for taking the
cross-sections (Johansen, 1940). The handmade cross-
sections of the stems and superficial sections of the
stomata were stained with phloroglusinol-HCl. On
average, 20 preparations were made for each type of
section for the 20 pieces of plant material, and 30 cell
groups were measured. The measurements of the cells
were made using Kameram 21 software (Argenit,
Istanbul, Turkey). For vessel grouping in the xylem,
the Metcalfe and Chalk (1957) classification was
used.

RESULTS and DISCUSSION
Noccaea camlikensis
Root anatomy

The secondary root structure was observed in the root
cross-sections of N. camlikensis with the peridermis,
cortex, phloem and xylem (Fig. 1-A). The peridermis
was a protective tissue composed of disintegrating or
squashed cells. The width of the peridermis cells was
57.24+11.03 um (Table 1). The cortex was 4-5
layered, and followed the periderm towards the
center. The phloem was well-developed, and the
cambium was not distinguished clearly (Fig. 1-B).
Vessels in the xylem were irregular, according to
Metcalfe and Chalk (1957) classification of vessel
grouping. The center of the roots in the cross sections
was covered with xylem (Fig 1A-C).

Stem anatomy

The cross-sections of the stem had an epidermis layer
in the outermost surface. The cortex was 6—7 layered
and characterized by parenchymatic cells (Fig. 2-A,B).
Their dimension was 26.99 = 5.77 um (Table 1). The
endodermis was rowed and fusiform-shaped (Fig. 2-
A,B). The phloem and xylem were well-developed.
Above the phloem, sclerenchymatic cells were present
(Fig. 2-C). The diameter of the tracheas was 17.29 +
2.86 um (Table 1). The pith region of the stem
consisted of large parenchymatic cells (Fig. 2-A).

Leaf anatomy

The cross sections of the leaf showed that the upper
and lower epidermis were made up of rectangular
cells with adaxial and abaxial cuticles (Fig. 3A-B).
Cells of the lower epidermis (52.61 = 31.9 um wide X
37.96 + 16.9 um long) were wider than those of the
upper epidermis (39.13 + 12.6 um wide x 41.11 + 14.9
pm long) (Table 1)(Fig. 3B-C). The leaf was
amphistomatic and bifacial. Vascular bundles were
composed of phloem and xylem (collateral type). The
stomata type was anisocytic (Fig. 3A-B).



KSU Tarim ve Doga Derg 25 (Ek Say1 1): 85-92, 2022 Aragtirma Makalesi
KSU J. Agric Nat 25 (Suppl 1): 85-92, 2022 Research Article

Table 1. The anatomical measurements of N, camlikensis and N. cariensis (values in pm).
Cizelge 1. N, camlikensis ve N. cariensis’in anatomik dlgiimleri (degerler mikrometre)

Species/Anatomic Noccaea camlikensis Noccaea cariensis
characters Length Width Length Width
Min-Max Mean+SD Min-Max Mean+SD Min-Max Mean+SD Min-Max Mean+SD
Root  Peridermis - 43.41- 57.24+11.03 - 32.38- 43.34+7.73
72.46 55.62
Cortex 21.71- 30.64+6.88 51.68- 85.97+25.15 10.44- 15.6+3.54 28.98- 39.58+10.53
39.24 118.64 21.71 59.05
Vessel - - 87.33- 101.2+6.99 - - 23.48-68 42.9+12.86
110.04
Stem  Cuticle 2.81-4.65 3.77+0.66 5.08-8.81 7.64+1.54
Epidermis 11.92- 15.52+2.22 16.96- 21.98+3.40 15.47- 19.83+2.94 20.26- 24.17+3.49
18.67 27.42 23.53 31.18
Cortex 35.02- 45.93+7.38 44.76- 55.13+9.72 14.15- 18.64+3.27  22.34- 28.35+4.25
58.76 76.29 23.21 35.83
Vessel 13.87- 21.224+5.41 16.45- 22.57+3.86
25.62 29.35
Pith cell 70.28- 92.42+13.93 31.96-61.4  41.88+8.78
118.91
Leaf  Cuticle on 3.99-6.96 5.17+1.20 3.90-5.24 4.61+0.52
upper
epidermis
Cuticle on 2.56-5.19  3.54+1.00 3.90-6.3 5.08+0.93
lower
epidermis
Upper 23.86- 41.11+14.9 26.85- 39.13+12.6 18.19- 29.75+10.88 16.15- 29.67+9.35
epidermis 66.81 61.44 52.85 44.87
Lower 17.76- 37.96+16.9 29.04- 52.61+31.9 27.16- 31.98+5.63 23.93- 37.68+9.17
epidermis 58.09 105.65 41.27 48.31
Palisade 39.54- 55.94+9.6 14.08- 21.57+5.48 26.52- 38.76+8.79 11.77- 16.63+2.62
parenchyma 73.05 30.93 57.83 21.63
Spongy 22.36- 33.51+9.4 19.89- 30.8+6.57
parenchyma 52.27 37.74

Figure 1. The root cross sections of Noccaea camliikensis. A. General view of root pe: peridermis, co: cortex, ph:
phloem, x! xylem, pi: pith region, B. Close view of peridermis, cortex and, phloem, C. Tracheal
elements t: trachea

Sekil 1. Noccaea camlikensis’in kék enine kesitleri. A. Kok genel goriintisii pe’ peridermis, co- korteks, ph- floem,

x° ksilem, pi’ 6z bolgesi, B. Peridermis, korteks ve floemin yakin gériiniist, C. Trakeal elemanlar t:
trake
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Figure 2. The stem cross sections of Noccaea camlikensis. A. General view of stem ep: epidermis, co: cortex, en:
endodermis, sc: sclerenchyma, ph: phloem, x: xylem, p: parenchyma, pi: pith region, B. Close view of
epidermis, cortex and vascular bundles, C. Close view of vascular bundle.

Sekil 2. Noccaea camlikensisin govde enine kesitleri. A. Govde genel goriiniisii ep‘epidermis, co-korteks,
en‘endodermis, sc'sklerenkima, ph-floem, x-ksilem, p-parenkima, pi‘6z bélgesi, B. Epidermis, korteks
ve iletim demetleri yakin goriiniisii, C. Iletim demeti yakin gortintisi

Figure 3. The leaf cross sections of N. camlikensis. A. General view of leaf cu: cuticle, ue: upper epidermis, le:
lower epidermis, pp: palisade parenchyma, sp: spongy parenchyma, vb: vascular bundle, st: stomata,
B. Close view of upper epidermis stg: stomatal gap C. Close view of lower epidermis

Sekil 3. N. camlikensis’in yaprak enine kesitleri. A. Yapragin genel goriintisii cu’kiitikul, ue’ tist epidermis, le:alt
epidermis, pp: palizat parankimasi, sp: siinger parankimasi, vb: iletim demeti, st: stoma, B. Ust
epidermisin yakin goriiniisi stg- stomata boslugu C. Alt epidermisin yakin gorinitisti

Noccaea cariensis
Root anatomy

The secondary root structure was observed in the root
cross-sections of N. cariensis with the peridermis,
cortex, phloem, and xylem (Fig 5-A). The peridermis
was a protective tissue composed of disintegrating or
squashed cells. The width of the peridermis cells was
43.34 + 7.73 um (Table 1). The cortex was 5-6
layered, and followed periderm towards the center.
The phloem was well developed, and the cambium

88

was not distinguished clearly (Fig. 5-B). Vessels in
xylem were irregular, according to the Metcalfe and
Chalk (1957) classification of vessel grouping. The
center of the roots in the cross sections was covered
with xylem (Fig. 5-C).

Stem anatomy

The cross-sections of the stem had an epidermis layer
in the outermost surface (Fig. 6-A). The cortex was 8—
9 layered and characterized by parenchymatic cells.
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Their dimension was 45.93+7.38%55.13+9.72 um. The
endodermis was rowed and fusiform-shaped. The
phloem and xylem were well developed. Above the
phloem, sclerenchymatic cells were present (Fig. 6-B).

The diameter of the tracheas was 21.22 + 5.41 um
(Table 1). The pith region of the stem consisted of
large parenchymatic cells (Fig. 6-C).

Figure 4. The cross sections of leaves of N. camlikensis. A. Upper surface B. Lower surface st: stomata ep:

epidermis

Sekil 4. N. camlikensis’in yapraklarinin yitizeysel kesitleri. A. Ust yiizey B. Alt yiizey st’ stoma, ep- epidermis
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Figure 5. The root cross sections of Noccaea cariensis. A. General view of root pe: peridermis, co: cortex, ph:
phloem, x! xylem, pi: pith region, B. Close view of peridermis, cortex and, phloem, C. Tracheal

elements t: trachea.

Sekil 5. Noccaea cariensis’in kék enine kesitleri. A. Kok genel goriinlisti pe’ peridermis, co’ korteks, ph: floem, x-
ksilem, p1° oz bolgesi, B. Peridermis, korteks ve floemin yakin gortintist, C. Trakeal elemanliar t: trake

Leaf anatomy

The cross sections of the leaves showed that the upper
epidermis was made up of rectangular cells with
adaxial and abaxial cuticles, and the lower epidermis
was oval-rectangular shaped (Fig. 7-A). Cells of the
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lower epidermis (27.16—-41.27 um long x 23.93 + 48.31
pum wide) were wider than those of the upper
epidermis (18.19-52.85 um long X 16.15-44.87 um
wide) (Table 1). The mesophyll was equifacial. The
palisade parenchyma was on both sides of the leaves.
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Figure 6. The stem cross sections of Noccaea cariensis. A. General view of stem cu: cuticle, ep: epidermis, co: cortex, sc:
sclerenchyma, en: endodermis, ph: phloem, x: xylem, p: parenchyma, pi: pith region, B. Close view of epidermis,
cortex and vascular bundles, C. Close view of vascular bundle.

Sekil 6. Noccaea cariensisin govde enine kesitleri. A. Gévde genel goriiniisii ep-epidermis, co’korteks, en‘endodermis,

sc'sklerenkima, ph'floem, x'ksilem, p-parenkima, pi‘6z bélgesi, B. Epidermis, korteks ve iletim demetleri yakin
goruntsi, C. Iletim demeti yakin gérinisi.

Figure 7. The leaf cross sections of N. cariensis. A. General view of midrib cu: cuticle, ue: upper epidermis, le: lower

epidermis, p: parenchyma, x: xylem, ph: phloem, B. Close view of lamina st: stomata, pp: palisade parenchyma, sp:
spongy parenchyma, stg: stomata gap.

Sekil 7. N. cariensis’in yaprak enine kesitleri. A. Orta damarin genel goriiniisii cu-kiitikul, ue: list epidermis, le-alt epidermis,

p° parankima, x-ksilem, ph: floem, B. Laminanin yakin goriinlisti pp-palizat parankimasi, sp- stinger parankimasi,
st'stoma, stg- stoma boslugu.
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N. camlikensis and N. cariensis were selected to
determine their anatomical characteristics for the
first time and it was aimed to confirm their
systematic position.

The root anatomy of the studied species showed that
there was a secondary root structure with a
peridermis, cortex, phloem, and xylem. The cortex
parenchymatic cells were more or less oval-shaped.
The phloem and xylem were well-developed and the
centre of the roots were covered with xylem elements.
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In the root cross-sections, the studied taxa had a
similar secondary structure with regards to their
peridermis, cortex parenchyma, xylem, phloem, and
sclerenchymatic pith region, as reported in the root
anatomy of the family Brassicaceae (Tekin et al.,
2013; Atceken et al., 2016; Citak and Dural, 2020).
Most species have a single cambium, wherein the
growth rings are inconspicuous, with narrow vessels
ranging from 16-71 pm in the wood anatomy of
Brassicaceae (Carlquist, 1971), as in studied species.
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Figure 8. The cross sections of leaves of V. cariensis. A. Upper surface B. Lower surface st: stomata ep: epidermis
Sekil 8. N. cariensis’in yapraklarinin ytizeysel kesitleri. A. Ust yilizey B. Alt yiizey st’ stoma, ep-‘epidermis

The studied species shared similar stem anatomical
characteristics, which were characterized by a single-
layered epidermis, containing chlorophyll pigments in
the cortex parenchyma, well-developed phloem, and
xylem and pith cells in the center, as in the other
members of Brassicaceae (Tekin et al., 2013; Atceken
et al., 2016; Citak and Dural, 2020). The contour of
the stem cross-sections was rounded with
collenchymatic ridges, ovoid, or polygonal in the
family Brassicaceae and also rounded in the studied
Noccaea species. The rounded-shape cross-sections of
the stem in N. camlikensis and N. cariensis were
observed to have the general characteristics of the
primary stem.

The family Brassicaceae includes unifacial, bifacial,
and equifacial mesophyll in its leaf anatomy (Tekin et
al., 2013; Atceken et al., 2016; Citak and Dural,
2020). The cross-sections of shapes of leaves of M.
camlikensis were linear-shaped, while they were v-
shaped in N. cariensis, and the median vascular
bundle was larger than the others, with a bifacial
mesophyll in the examined species.

CONCLUSION
With this study, the anatomical characteristics of
Noccaea camlikensis and N. cariensis were

determined and these characteristics were found to be
not specific for the species taxonomic position.
Nevertheless, the anatomical traits can be more
valuable if other species of MNoccaea are also
investigated.
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OZET Biyoloji
Megacollybia rodmanii R.H. Petersen, K.W. Hughes & Lickey’nin
meyvemsileri Turkiye’den bu ¢alismada ilk kez toplandi, morfolojik Aragtirma Makalesi
olarak incelendi ve burada arazi ve mikroskopik resimler ve kisa bir : :
tartisma 1ile birlikte verildi. Yeni kayit kahverengi, zeytini Makale T.ar'lhge's1
kahverengi veya soluk grimsi kahverengi ve 50—155 mm sapka, sapa Gelis Tarl}'u‘ ) 29.08.2022
az veya cok bagl lameller, beyazims1 ve 50—115 X 15—25 mm sap, Kabul Tarihi :21.07.2022
eliptik ve 6—10 X 5—8 um bazidiyosporlar ile yakin akraba tirlerden Anahtar Kelimeler
ayrihr. Biyocesitlilik
Sistematik
Sapkali mantar
Trabzon
Megacollybia rodmanii: A New Record for the Turkish Mycota
ABSTRACT Biology
The fruiting bodies of Megacollybia rodmanii R.H. Petersen, K.W.
Hughes & Lickey were collected from Turkey for the first time in this Research Article
study. They were examined morphologically and presented herein : :
with field and microscopic pictures and a brief discussion. The new Artlc.le Hlstory.
record is distinguished from the closely related species with brown, Received ) 29.03.2022
olive brown or pale greyish brown and 50—155 mm pileus, more or Accepted +21.07.2022
les's a.ttached lamellae, with whi.ti.sh and 50—-115 X 15—25 mm stipe, Keywords
elliptical and 6—10 X 5—8 pm basidiospores. Biodiversity
Systematic
Capped Mushroom
Trabzon
Atif Sekli:  Sesli E 2022. Megacollybia rodmanii: Tiirkiye Mikotasi i¢in Yeni Bir Kayit. KSU Tarim ve Doga Derg 25 (Ek-
Say1 1): 93-96. https://doi.org/10.18016/ksutarimdoga.vi.1095536
To Cite: Sesli E 2022. Megacollybia rodmanii: A New Record for the Turkish Mycota. KSU J. Agric Nat 25 (Ek Say1 1):
93-96. https://doi.org/10.18016/ksutarimdoga.vi.1095536
GIRIS Wartchow, M. rodmanii R.H. Petersen / Yas

Megacollybia Kotl. & Pouzar ginimizde dinyada
yaklagik 12 ve Turkiye’de ise bu calismadan o6nce
sadece bir kayit ile temsil edilen kii¢iik bir cinstir
(Kirk ve ark., 2008; Sesli ve ark., 2020). Bu cins
karakiz mantarlarina (Tricholoma) benzer
gérinimde, grimsi kahverengi, 50—150 mm, lifli ve
pullu sapka; az veya ¢ok sapa birlesik, seyrek ve
beyaz lameller; beyazims1 veya grimsi kahverengi
sap; yuvarlagimsi, 7-11 X 6—9 pm bazidiyosporlar ve
cirikc¢lil yasayan bireyleri ile karakterize -edilir
(Knudsen ve Vesterholt, 2008). Giiniimiizde diinyada
yayilis gosterdigi tespit edilmis taksonlar M.
clitocyboidea R.H. Petersen, M. fallax (A.H. Sm.) R.H.
Petersen & J.L. Mata, M. fusca J.L. Mata, Aime &
T.W. Henkel, M. marginata R.H. Petersen, O.V.
Morozova & J.L. Mata, M. platyphylla (Pers.) Kotl. &
Pouzar / Kokbacak, M. rimosa V. Coimbra &

kokbacak, K.W. Hughes & Lickey, M. subfurfuracea
R.H. Petersen, M. texensis R.H. Petersen & D.P.
Lewis ve M. virosa Manim. & K.B. Vrinda’dir. Bu
calismadan o6nce M. platyphylla (Pers) Kotl. &
Pouzar / Kokbacak Karadeniz Bolgesinde tespit
edilmistir (Kirk ve ark., 2008; Akata ve ark., 2010;
Sesli ve ark., 2020). Bu arastirmanin materyali
20.07.2018 tarihinde Bolu ili Gerede ilgesindeki
ormanlik alandan Amatér mikolog Eralp Aytac
tarafindan toplanarak herbaryumumuza
gonderilmigtir. Toplama sahasindaki ormanlar
ortalama 1000 metreye kadar kayin, mese, goknar,
karacam, akcaagag, 1hlamur, digsbudak, karaagag,
karacam ve kizilagaclardan, 1000 2000 metre
yikseltiler arasinda sarigam, giirgen, mese, simgir,
goknar ve dogu kayinindan, 2000 metreden sonraki
yikseltilerde ise daha bodur agacgciklar ve g¢alilardan
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olusmaktadir. Yapilan arastirmalara goére Bolu'da
otsu ve odunsu tirlerden 1200 civarinda bitki
bulunmaktadir. Bu bitkilerden 88 tanesi endemiktir.
Soganli bitkilerden 6zellikle mavi c¢igekli Abant
Cigdemi ile sarigicekli Ankara Cigdemi yoérede
goriilen endemik bitkilerdendir. Bu arastirmanin
amaci Turkiye’den ilk kez toplanarak teshisi yapilan
Megacollybia rodmanii R.H. Petersen, K.W. Hughes
& Lickey / Yas kokbacak tirinin makroskopik ve
mikroskopik ozelliklerini tanmitarak Turkiye
mikotasina katki saglamaktir.

MATERYAL ve METOD

Megacollybia rodmanii R.H. Petersen, K.W. Hughes
& Lickey’nin meyvemsileri 20.07.2018 tarihinde, Bolu
1li  Gerede 1ilgesi ormanlarindan toplanmistir.
Materyalin olas1 mikorizal iligkileri not edilip
fotografi c¢ekildikten sonra birkag¢ tanesi sokiilerek
kese kagitlarina konulmus, laboratuvara getirilerek
spor izleri alinmig, kurutucuya yerlestirilerek birkacg
saatte herbaryum materyali haline getirilmis ve
nihayet kataloglanarak fungaryum dolaplarina
yerlestirilmistir. Bazidiyum, kanca, sistit ve diger
hifal yapilarin gozlenebilmesi i¢in keskin jilet ile
lamel ve sapka yuzeyinden ince kesitler alinmis,
%5’1ik amonyak igerisinde 3-5 dakika bekletilerek
incelenebilecek duruma getirilmistir. Mikroskopik
Olcimler ic¢in iki farkli meyvemsiden 30 0lgiim
yapilmis ve bunlarin ortalamasi alinmigtir. Yapisal
hiicreler mikrofotografi yontemi ile gérintilenmis ve
mikroskoba  baghh  bilgisayara  kaydedilmistir.
Bazidiyosporlar i¢in ortalama otuz 6l¢im yapilmas,
onlarin ortalamasi alinmig ve ayrica ilgili kamera
sistemi sayesinde fotograflar1 ¢ekilmigtir. Teshisler
elde edilen morfolojik verilerin ilgili literatiirlerle
karsilastirilmas: sonucu yapilmistir (Hughes ve ark.
2007; Knudsen ve Vesterholt, 2008; Kuo, 2010).
Kurutulmus meyvemsiler Trabzon Universitesi Fatih
Egitim Fakiultesindeki kigisel fungaryumda
saklanmaktadir.

BULGULAR ve TARTISMA
Porotheleaceae Murrill

Megacollybia rodmanii R.H. Petersen, K.-W. Hughes
& Lickey / Yas kokbacak (Sekil 1)

Sapka konveks veya tabak biciminde, 50—-150 mm,
yizeyil kuru, kahverengi, zeytini kahverengi veya
soluk grimsi kahverengidir. Lameller sapa genisgligi
6lclistinde veya daralarak bagh, beyazims: genellikle
sik ve bazen de seyrektir. Dokusu beyazimsi, hafif
tath ve kokusu pek belirgin degildir. Sap silindirik,
50—-110 X 15—-25 mm, beyazimsi, tabana dogru daha
genig ve tabanda miselyumludur. Bazidiyumlar ince
¢omakcik biciminde, kancali, 4 sporlu ve 40-55 X
8-10 pm’dir. Bazidiyosporlar eliptik, diuz ytizeyli ve
5-10 x 5-8 pm’dir. Ceylosistityumlar ¢omakegik
bigiminde ve 40-80 X 10-22 pm’dir. Sapka derisi
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paralel, 4-8 um genigliginde, kancali, ve bazilar
¢omakcik bi¢iminde yiizeye dogru uzayan hiflerden

olusmustur. Turkiye’de glinlimiize degin
gerceklestirilen calismalarda Catalca-Kocaeli
Bolimiinde saptanmigtir. Ilkbahardan sonbahar

sonlarina degin agaclarin gomili kisimlar: tizerinde
curtketl yasar.

Incelenen  6rnekler: Turkiye, Bolu, Gerede,
40°49'05.94" K ve 32°10'59.60" D, 1664 m, 20.07.2018,
gruplar halinde, Aytag 3926.

Megacollybia Kotl. & Pouzar kiicik bir cins
oldugundan tesghisi kolaydar. Mevcut
koleksiyonumuzun yakin akraba oldugu tir M.
platyphylla (Pers.) Kotl. & Pouzar / Kékbacak'dir. Bu
tir yarimkiire, ¢an seklinde veya konveks, 50—120
mm, grimsi veya zeytini kahverengi sapka; beyazimsi
veya krem rengi, sapa tim ylizeyi ile bagl veya sap
uzerine dokik lameller; silindirik, tabana dogru daha
genig, 50-150 x 15-25 mm, beyazimsi veya krem
rengi sap ve daha kiiciik ceylosistityumlar (30—-65 x
12—-20 pm) ile koleksiyonumuzdan farkliik gosterir
(Breitenbach ve Kranzlin, 1991; Hughes ve ark. 2007;
Knudsen ve Vesterholt 2008). Bu calisma sayesinde
Turkiye mikotasinda yer alan Megacollybia tur sayisi
ikiye gitkmigtir.

SONUC ve ONERILER

Bu arastirma sonucunda Megacollybia rodmanii R.H.
Petersen, K.W. Hughes & Lickey / Yas kokbacak tiirt
Turkiye’den teshis edilerek Turkiye mikotasina yeni
kayit olarak eklenmigtir. Geng arastiricilara 6nerim
genis alanlarda seyrek arazi calismasi
gerceklestirmek yerine, daha kii¢iik bolgelerin sik sik
taranarak yeni meyvemsi olugup olugsmadigini stirekli
gozlemeleridir. Iklim ve fiziki kosullari zor olan
arazilerde daha ilging turler bulunabileceginden bu

yoreleri oOncelikli olarak incelemelerini Oneririz.
Araziden toplanan meyvemsilerin birka¢ saat
icerisinde  kurutulmasi  molekiiler  c¢alismalar
acisindan  yararli  olacaktir.  Biiyik  boyutlu
meyvemsileri kuruturken kiflenme olmamasi igin
dilimleme  yontemi  uygulanmalidir.  Sonbahar

aylarinda veya kisa dogru mono veya bisporik
bazidiyumlar normalden buyik bazidiyosporlar
olusturabileceginden teshislerde bu durumu dikkate
almak gerekir. Kii¢iikk boyutlu meyvemsiler bazen
birbirine yakin biiyiimesine ragmen farklh tiirlere ait
olabileceginden gereginden fazla materyal
toplamanin da olumsuz sonuglara yol agabilecegi
unutulmamaldir. Olciimlerde daha dogru sonuclara
ulagabilmek igin farkli meyvemsilerden 6rnek
alinarak onlarin ortalamasi alinmalidir. Bazidiyospor
6lcimlerinde normalde spora ait gikintilar hesaba
dahil edilmez. Eger apikulus, diken, sigil ve benzeri
¢ikintilar1 6l¢lime dahil edilecekse bunu muhakkak
belirtmek gerekir. Herbaryum ornekleri
béceklenmemesi i¢cin muhakkak -40 °C’lik ortamda en
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az bir hafta stre ile bekletilmeli ve bu iglem her yil tekrar edilmelidir.

20 um

10 pm 10 pm

Sekil 1: Megacollybia rodmanii. a- meyvemsiler, b- sapka derisi kesiti, ¢ ve d- bazidiyumlar ve bazidiyosporlar
(6lcekler: a: 70 mm, b: 20 um, ¢ ve d: 10 pm)

Figure 1° Megacollybia rodmanii. a- fruiting bodies b- section from pileipellis, ¢ and d - basidia and basidiospores
(scale bars: a: 70 mm, b: 20 um, ¢ and d: 10 um)
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OZET

Bu arastirmada intraperitonal yolla uygulanan sodyum pirition (35 ve
70 mg kg, ip) ve serum fizyolojik (salin) (%0.09 NaCl 0.5 ml kg,
ip)uygulanmasinin sicanlar tizerine 24 ve 96 saatlik siirelerde bébrek
ve karaciger dokulari tizerine histolojik etkileri arastirilmigtir.
Aragtirma sonucunda, kontrol grubu ile Kkarsilastirildiginda
intraperitonal yolla uygulanan sodyum piritionun doz ve siire artigina
baglh histopatolojik degisimlere neden olan sitotoksik etkisinin
olabilecegi kanisina varilmigtir.

ABSTRACT

In this study, the histological effects of intraperitoneally applied
sodium pyrithione (35 and 70 mg kg'!, ip) and saline (0.09% NaCl 0.5
ml kg1, ip) on the kidney and liver tissues of rats in 24 and 96 hours
were investigated. As a result of the study, it was concluded that
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GIRIS Sodyum pirition yaygin olarak kozmetik, madencilik

Cevresel kirleticiler, ¢evre saghgimi ve toplumlarin
saglik dizeyini 6nemli 6l¢iide etkilemektedir. Ekolojik
¢evrenin korunmasi, diizenlenmesi ve geligtirilmesi
tim saghk hizmetlerinin iyilestirilmesinde hayati
onem tagimaktadir. Baz1 organik maddeler, petrol ve
tirevleri, endistriyel atiklar, yapay tarimsal giibreler,
pestisitler, inorganik tuzlar, agir metaller, deterjanlar,
radyoaktivite ve yapay organik kimyasallar ekolojik
dengeyi bozan kirletici unsurlardir. Bu maddeler dogal
dengeyi olumsuz yonde tehdit eden unsurlardir. Biitin
bu maddeler canli sistemlerinde birikebilirler ve besin
zinciri yoluyla her basamakta daha yiiksek derigimlere
ulagabilirler. Insanlarin, oral, inhalasyon ve dermal
yolla birgok cevresel kirletici maddeye maruz
kaldiklar: bilinmektedir.

ve yakit sektorlerinde kullanilan antimikrobiyal ve
antifungusit ajandir (Dinning ve ark., 1998). Bunun
mantar ve bakterilerde substratin taginma iglemlerini
inhibe ettigi bilinmektedir (Chandler ve Segel, 1978).
Kisith literatur verilerine gore canlilar Uzerinde

olumsuz  etkileri  gosterilmektedir. Fizyolojik,
hematolojik ve histolojik arastirmalar oldukca
kisithidir. Sodyum pirition kolayca uygulanan,

gastrointestinal kanaldan ve saglam deriden emilen,
toksisitesi bilinen bir maddedir (Mitoma ve ark., 1983).
Sitotoksik oldugundan, sadece distuk
konsantrasyonlar test edilebilmektedir. Tek veya
birden fazla doz sodyum pirition verilen siganlarda,
farelerde ve tavsanlarda zehirlenmenin tipik belirtisi
olarak arka wuzuvlarda geri doénlstimla olan felg
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olustugu bildirilmektedir (Gibson ve ark., 1982). Geri
dontist olmayan goz hasari, tapetum luciduma sahip
tiirlerde goériilmiistiir (Gibson ve ark., 1982; Borg-
Neczak ve Tjilve, 1991). Sodyum piritionun farelere
oral uygulamasindan sonra kanserojen etkileri tespit
edilmigtir. Yiksek doz seviyelerdeki sodyum pirition
uygulamasinin genotoksik oldugu goésterilmistir.

Sicanlar, tavsanlar ve  maymunlarda  oral
uygulamadan sonra, sodyum piritionun hizli bir
sekilde gastrointestinal sistemden absorbe edildigi ve
sicanlarda oral uygulamadan sonra emilimin %88-100
oldugu tespit edilmistir (Olin Corporation, 1989).
Farelerde radyoaktif olarak etiketlenmis sodyum
pirition oral ya da intraperitonal uygulama sonrasinda
uygulanan radyoaktivitenin % 0.15-0.6 karaciger
%0.4-0.8 diger organlarda tespit edilmistir (Ziller,
1977; Borg-Neczak ve Tjilve, 1991). Radyoaktif
sodyum piritionun tek bir doz dermal uygulamasi
sonucunda, uygulama yerine yakin kas ve karacigerde

tespit edildigi bildirilmektedir. Bu arastirmada
sodyum piritionun akut siirede (24 ve 96 saat) sicanlar
uzerine histolojik etkilerinin belirlenmesi
amaglanmigtir.

MATERYAL ve METOD

Deneylerde Uygulanacak Kimyasal Maddeler ve
Tlaglar

Deneyde sodyum pirition (35 ve 70 mg kg1, ip), serum
fizyolojik (salin) (% 0.09 NaCl 0.5 mg kg1, ip) ve
dietileter inhalasyonu uygulanilmigtir.

Deney Hayvanlar

Sicanlar kafeslerde standart sican yemi ve su verilerek
ad libitum olarak beslenilmigtir. 21-25 °C oda
sicakhiginda, 12:12 saat aydinlik-karanlik periyodu
uygulanilmigtir. Vicut agirligi 238-287 gram arasinda
degisen erigkin erkek Wistar albino siganlar
kullanilmistir (Cizelge 1).

Table 1 Weight of Animals Used in Experiments
Cizelge 1. Deneylerde Kullanilan Hayvanlarin Agirligi

Gruplar Ortalama+Standart
P Hata (Gram)

Kontrol grubu (24.saat) 265.2+12.2
Kontrol grubu (96.saat) 256.2+16.4
35 (mg kg1, ip) Sodyum

Pirition (24.saat) 261.9+16.4
35 (mg kg, ip) Sodyum

Pirition (96.saat) 258.7+13.8
70 (mg kg, ip) Sodyum

Pirition (24.saat) 256.7+14.3

L
70 (mg kg, ip) Sodyum 2658150

Pirition (96.saat)

Deney gruplar1 ve bu gruplardaki hayvan sayilar
asagidaki sekilde olusturulmustur.
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1. grup (n: 10): kontrol grubu serum fizyolojik (salin)
(% 0.09 NaCl 0.5 mg kg, ip) (24. saat kontrolii).

2. grup (n: 10): kontrol grubu serum fizyolojik (salin)
(% 0.09 NaCl 0.5 mg kg, ip) (96. saat kontrolii).

3. grup (n: 10): 35 mg kg!, ip sodyum pirition
enjeksiyonu. (24. Saatlik deney grubu)

4. grup (n: 10): 70 mg kgl, ip sodyum pirition
enjeksiyonu. (24. Saatlik deney grubu)

5. grup (n: 10): 35 mg kg!, ip sodyum pirition
enjeksiyonu. (96. Saatlik deney grubu)

6. grup (n: 10): 70 mg kgl, ip sodyum pirition
enjeksiyonu. (96. Saatlik deney grubu).

Deney Protokolii

Biitiin deneylerin gerceklestirilecegi laboratuvarin
sicakligr 21-25 °C civarinda tutulmustur. Deneylere
saat 09.00’da baslanmis, sodyum pirition (35 ve 70 mg
kg1, ip) ve serum fizyolojik (salin, %0.09 NaCl 0.5 mg
kg1, ip) uygulamalar: yapilmis ve takip eden 24 saat
ve 96 saat sonra érnekler alinmistir. Deney protokola
Kirikkale Universitesi Hayvan Deneyleri Yerel Etik
Kurulu tarafindan onaylanmis ve deneyler Kirikkale
Universitesi Hayvan Deneyleri Merkezinde
gerceklegtirilmistir.

Histolojik Incelemeler

Uygulama sonrasinda diseksiyonla alinan karaciger ve
bébrek doku pargalari doku takip kasetleri igerisine
konularak etiketlenmis ve fiksatif (% 10Tuk
formaldehit) ¢ozeltisine konulmustur. En az 24 saat
fiksasyon i¢in fiksatifte bekletilen doku takip kasetleri
fiksatiften c¢ikarilarak, 24 saat hafif akan c¢esme
suyunda yikanmistir. Daha sonra Leica TP1020 model
doku takip cihazina konulan kasetler doku suyunun
giderilmesi, saydamlastirma ve parafin emdirme
igslemleri yapilmigtir. Cihazdan c¢ikarildiktan sonra
Leica EG1160 model doku bloklama (gémme) cihaz
kullanilarak uygun parafin bloklar hazirlanmigtir.

Hazirlanan bloklar Leica RM 2125RTS model déner
mikrotomda 5-7 pm kalinliginda kesitler alinarak
lama yapistirnlmigtir. Lamlar Harris Hematoksilen

Eozin  boyama  yontemine uygun islemlerle
boyanmigtir. Hazirlanan preparatlar entellan ile
kapatildiktan sonra Leica DM3000 model 1sik

mikroskobunda incelenmistir. Histolojik incelemeler
arastirmacilarin kigisel destegi ile yapilmigtir.

BULGULAR ve TARTISMA
Kontrol grubu karaciger dokular:1 incelendiginde,
hepatosit hiicrelerinin diizlenlenmesinin ve

sinozoitlerin normal yapida oldugu gézlenmistir.
Sodyum piritiona maruziyetinde doz ve siire artimina
bagli olarak siddeti artan hepatositlerde vakuollesme,
pasif hiperemi, mononiikleer hiicre infiltrasyonu ve
hepatoseliiler dejenerasyon tespit edilmistir (Cizelge 2
ve Sekil 1-6).
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Table 2 Distribution of Lesions in Liver

Cizelge 2. Karaciger Dokularinda Gériilen Lezyonlarin Dagilimi

Karaciger dokusunda gézlenen Kontrol SSZ(mg kg 13 1.p) 70 (mg kg 13 1'p)
histopatolojik lezyonlar odyum Pirition Sodyum Pirition
24 Saat 96 Saat 24 Saat 96 Saat 24 Saat 96 Saat
1- Hepatositlerde vakuollesme - - + ++ + ++
2- Pasif hiperemi - - - - - +
3- Monontikleer hiicre infiltrasyonu - - - - - +
4- Hepatoseliiler dejenerasyon - - + ++ + ++
+: Histopatolojik degisiklik oldugu gérilmiustiir.
Kontrol grubu bébrek dokulari incelendiginde, yapraklar arasinda mesafe artis1), proksimal
glomerulus yapilarinin ayni oldugu, epitelin kesintiye tubillerde dejenerasyon, distal tubtllerde

ugramadig1 ve proksimal ve distal tiibiillerin normal
yapida oldugu gézlenmigtir. Sodyum piritiona maruz
kalinan gruplarda doz ve siireye baglh olarak siddeti
artan glomerulusta atrofi (parietal ve viseral

Table 3 Distribution of Lesions in Kidney

dejenerasyon, monontikleer hiicre infiltrasyonu, ve
konjesyon (kanama) tespit edilmistir (Cizelge 3 ve
Sekil 7-12).

Cizelge 3. Bobrek Dokularinda Gortilen Lezyonlarin Dagilimi

Bobrek dokusunda goézlenen Kontrol 835 (mg kg.-lf i.p) 70 (mg kglf i.p)
histopatolojik lezyonlar odyum Pirition Sodyum Pirition
24 Saat 96 Saat 24 Saat 96 Saat 24 Saat 96 Saat

1-Glomerulusta Atrofi (Parietal ve viseral - + ++ + ++
yapraklar arasinda mesafe artisy)

2-Proksimal tiibiillerde dejenerasyon - + ++ + ++
3-Distal tibillerde dejenerasyon - + ++ + ++
4-Mononiikleer hiicre infiltrasyonu - + ++ + ++
5-Konjesyon (Kanama) - + ++ + ++

+: Histopatolojik degisiklik oldugu gérulmiustiir.

Genellikle sodyum, ¢inko veya bakir tuzu seklinde
uygulanan pirition, genis spektrumlu mantar ve
antimikrobiyal bir ajan olup, kozmetik, madencilik,
boya ve yakit sektorlerinde kullamlmaktir (Ross ve
Lawhorn, 1990; Knox ve ark., 2008). Sodyum pirition
kolayca gastrointestinal kanaldan ve saglam deriden
emilebilir ve organizmalar lizerinde doza ve siireye
bagli toksikolojik etkileri oldugu bilinmektedir
(Mitoma ve ark., 1983). Yapilan arastirmalarda, farkh
organizmalarda norotoksik, sitotoksik, genotoksik,

imminotoksik ve histopatolojik etkileri tizerinde
durulmustur.

Piritionun kemirgenlerde geri déntisumla
norotoksisiteye neden oldugu, bu etkinin

noéromiskiiler kavsakta sinaptik bulagmanin basarisiz
olmasi (Ross ve Lawhorn, 1990) ve periferik motor
sinirlerdeki biyokimyasal ve histopatolojik
degisiklikler ile karakterize oldugu bildirilmektedir
(Snyder ve ark., 1979). Kemirgen modellerinde,
piritionlarin nérotoksik etkileri tizerinde birincil odak
olmasina ragmen, diger tirlerin de hassas oldugu
bildirilmistir ~ (Lansdown, 1991).  Piritionlarin
kemiricilere in vivo uygulamasinin gii¢gsiizliige neden
oldugu bildirilmistir (Gibson ve ark., 1982). Sodyum
piritionun tek veya birden fazla doz verildigi siganlar,
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fareler ve tavsanlarda zehirlenme tipik belirtisi, arka
uzuvlarin geri dénlistimli olan felce neden oldugu
belirtilmistir (Gibson ve ark., 1982). Sicanlarin ¢inko
piritiona (ZnPt) tekrarli maruz birakilmasinin,
aksoplazmik nakil oranimi azalttigt ve motor
noéronlarin distal sinir terminallerinde tubulovesikiiler
profillerin  birikmesine yol agtig1 gosterilmigtir
(Sahenk ve Mendell, 1980). Sodyum piritionun
maruziyeti ile indiiklenme benzer sekilde [Ca?t]'nin
yaklagsik 3 kat artisi, mikrotibil biutinliginin ve
aksonal akimi etkiledigi gosterilmistir (Chan ve ark.,
1980; Mattson ve ark., 1991). Sodyum piritionun
Aplysianmin  torba hiicre néronlarinda [Ca2']
yikseldigini, bu yiikselmesinin dig ortamdan kalsiyum
iyonlarinin akisi sonucu oldugu gosterilmistir (Knox ve
ark.,, 2004). Kalsiyumdaki gecici artiglar, iyon
kanallarinin modiillasyonu, nérotransmitter salinimi
ve gen transkripsiyonunu igeren fizyolojik siiregleri
kontrol eder. Anormal derecede uzun bir ylikselmenin,
noéronal hiicre 6limiine yol agan hiicresel siireglerle

iligkili oldugu bildirilmektedir ~(McConkey ve
Orrenius, 1997; Nicotera ve Orrenius, 1998).
Kisitlh  arastirmalarda sicanlara intraperitonal

enjeksiyon ile 30 giin uygulanan 50 mg/kg sodyum
pirition dozlarinin herhangi bir patolojik degisiklik
olusturmadig: bildirilmektedir (Moe ve ark., 1960).
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Sekil 1. Kontrol Grubunun (24 saat) Karaciger Dokusunda Meydana Sekil 2. Doz 1 Grubunun (24 saat) Karaciger Dokusunda Meydana Gelen
Gelen Histopatolojik Degisiklikler. HE X200 Histopatolojik Degigiklikler.
Figure 1. Histopathological Changes in the Liver Tissue of the Control (1- Hepatositlerde vakuollesme, 4- Hepatoseliiler dejenerasyon) HE
Group (24 hours). HE X200 X200
Figure 2. Histopathological Changes in Liver Tissue of the Dose 1 Group
(24 hours).
(1- Vacuolization in hepatocytes, 4- Hepatocellular degeneration)
HE X200
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Sekil 3. Doz 2 Grubunun (24 saat) Karaciger Dokusunda Meydana Gelen Sekil 4. Kontrol Grubunun (96 saat) Karaciger Dokusunda Meydana
Histopatolojik Degisiklikler. Gelen Histopatolojik Degisiklikler. HE X200
(1- Hepatositlerde vakuollesme, 4- Hepatoseliiler dejenerasyon) Figure 4. Histopathological Changes in Liver Tissue of the Control Group
HE X200 (96 hours). HE X200
Figure 3. Histopathological Changes in Liver Tissue of the Dose 2 Group
(24 hours).
1- Vacuolization in hepatocytes, 4- Hepatocellular degeneration)
HE X200
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Sekil 5. Doz 1 Grubunun (96 saat) Karaciger Dokusunda Meydana Gelen Seki/6. Doz 2 Grubunun (965aat) Karaciger Dokusunda Meydana Gelen

Histopatolojik Degisiklikler. Histopatolojik Degisiklikler.
(1- Hepatositlerde vakuollesme, 4- Hepatoseliiler dejenerasyon) (1- Hepatositlerde vakuollesme, 2- Pasif Hiperemi, 3-
HE X200 Mononiikleer hiicre infiltrasyonu, 4- Hepatoseliiler dejenerasyon)
Figure 5. Histopathological Changes in Liver Tissue of the Dose 1 Group HE X200
(96 hours). Figure 6. Histopathological Changes in Liver Tissue of the Dose 2 Group
(1- Vacuolization in hepatocytes, 4- Hepatocellular degeneration) (96 hours).
HE X200 (1- Vacuolization in hepatocytes, 2- Passive Hyperemia, 35-
Mononuclear cell infiltration, 4- Hepatocellular degeneration) HE
X200
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Sekil 8. Doz 1 Grubunun (24 saat) Bébrek Dokusunda Meydana Gelen
Histopatolojik Degisiklikler.
(G: Glomerulus, P: Proksimal Tiibiil, D: Distal Tibil) (1-
Glomerulusta Atrofi (Parietal ve viseral yapraklar arasinda
mesafe artis1), 2- Proksimal tiibiillerde dejenerasyon, 3- Distal
tubullerde dejenerasyon 4- Monontikleer hiicre infiltrasyonu, 5-
Konjesyon (Kanama)) HE X200.

Figure 8. Histopathological Changes in Kidney Tissue of the Dose 1 Group
(24 hours).
(G: Glomerulus, P: Proximal Tubule, D: Distal Tubule) (1-
Glomerulus Atrophy (increased distance between parietal and
visceral layers), 2- Degeneration in proximal tubules, 3-
Degeneration in the distal tubules 4- Mononuclear cell
infiltration, 5-Congestion (Bleeding)) HE X200.

Sekil 7. Kontrol Grubunun (24 saat) Bébrek Dokusunda Meydana Gelen
Histopatolojik Degisiklikler.
(G: Glomerulus, P: Proksimal Tiibiil, D: Distal Tiibiil) HE X200.
Figure 7. Histopathological Changes in Kidney Tissue of the Control
Group (24 hours).
(G- Glomerulus, P: Proximal Tubule, D: Distal Tubule) HE X200.
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Sekil 9. Doz 2 Grubunun (24 saat) Bébrek Dokusunda Meydana Gelen Sekil 10. Kontrol Grubunun (96 saat) Bobrek Dokusunda Meydana Gelen
Histopatolojik Degisiklikler. Histopatolojik Degisiklikler.
(G: Glomerulus, P: Proksimal Tibiil, D: Distal Tibiil) (1- (G: Glomerulus, P: Proksimal Tiibiil, D: Distal Tiibiil) HE X200.
Glomerulusta Atrofi (Parietal ve viseral yapraklar arasinda Figure 10. Histopathological Changes in Kidney Tissue of the Dose 2
mesafe artis1), 2- Proksimal tiibiillerde dejenerasyon, 3- Distal Group (24 hours).
tubullerde dejenerasyon 4- Monontikleer hiicre infiltrasyonu, 5- (G- Glomerulus, P: Proximal Tubule, D: Distal Tubule) HE X200.

Konjesyon (Kanama)) HE X200.

Figure 9. Histopathological Changes in Kidney Tissue of the Dose 2 Group
(24 hours).
(G: Glomerulus, P: Proximal Tubule, D: Distal Tubule) (I-
Glomerulus Atrophy (increased distance between parietal and
visceral layers), 2- Degeneration in proximal tubules, 3-
Degeneration in the distal tubules 4- Mononuclear cell
Infiltration, 5-Congestion (Bleeding)) HE X200.
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Histopatolojik Degisiklikler. Histopatolojik Degisiklikler.

(G: Glomerulus, P: Proksimal Tibiil, D: Distal Tibiil) (2- (G: Glomerulus, P: Proksimal Tiibiil, D: Distal Tibil) (1-

Proksimal tiubillerde dejenerasyon, 3- Distal tiibuillerde Glomerulusta Atrofi (Parietal ve viseral yapraklar arasinda

dejenerasyon, 5- Konjesyon (Kanama)) HE X200. mesafe artis1), 2- Proksimal tiibiillerde dejenerasyon, 3- Distal
Figure 11. Histopathological Changes in Kidney Tissue of the Dose 1 tubullerde dejenerasyon 4- Monontikleer hiicre infiltrasyonu, 5-

Group (96 hours). Konjesyon (Kanama)) HE X200.

(G- Glomerulus, P: Proximal Tubule, D.: Distal Tubule) (2- Figure 12. Histopathological Changes in Kidney Tissue of the Dose 2

Degeneration in proximal tubules, 3- Degeneration in the distal Group (96 hours).

tubules, 5-Congestion (Bleeding)) HE X200. (G: Glomerulus, P: Proximal Tubule, D: Distal Tubule) (I-

Glomerulus Atrophy (increased distance between parietal and
visceral layers), 2- Degeneration in proximal tubules, 3-
Degeneration in the distal tubules 4- Mononuclear cell
infiltration, 5-Congestion (Bleeding)) HE X200.
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Yapilan bu ¢alisgmada karaciger histopatolojik
incelemeleri sonucunda doz ve siire artimina bagh
olarak siddeti artan hepatositlerde vakuollesme, pasif
hiperemi, mononiikleer hiicre infiltrasyonu ve
hepatoseliiler dejenerasyon tespit edilmistir (Cizelge 2
ve Sekil 1). Bébreklerde, sodyum piritiona maruz
kalinan gruplarda doz ve siireye bagh olarak siddeti

artan glomerulusta atrofi (parietal ve viseral
yapraklar arasinda mesafe artis), proksimal
tubillerde dejenerasyon, distal tubtllerde

dejenerasyon, monontikleer hiticre infiltrasyonu ve
konjesyon (kanama) tespit edilmistir (Cizelge 3 ve
Sekil 2). Calisma sonucu elde edilen bulgular
sitotoksik etkileri olan diger toksikolojik ajanlarin
olusturdugu bulgularla benzerlikler gostermektedir
(Méller ve ark., 2002; Durmaz ve Giray, 2013). Doz ve
siire artigina bagli bu bulgularin, sodyum piritionun

sitoksik  etkisinden kaynaklanmis olabilecegini
gbstermigtir.
SONUC

Bu arastirma sonucunda, sicanlara intraperitonal
yolla uygulanan sodyum pirition (35 ve 70 mg kg'!, ip)
24 ve 96 saatlik silirelerde sitotoksik etkisinin doz ve
stire artisina baglh histopatolojik degisimlere neden
oldugu gorilmustiir. Bu arastirma sonucu sodyum
pirition tlizerine doz ve sireye bagh arastirmalarin
etkilerini belirlemeye yonelik ileri arastirmalara
ihtiya¢ duyuldugunu géstermektedir.

Aragtirmacilarin Katk: Oran1 Beyan Ozeti

Yazarlar makaleye esit oranda katki saglamig
olduklarini beyan eder.
Cikar Catigmasi1 Beyani
Makale yazarlar1 aralarinda herhangi bir c¢ikar

catismasi olmadigini beyan ederler.
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OZET Bitki Fizyolojisi

Cistus creticus L. Turkiye'nin kuzey, giiney ve bat1 kiyilar1 boyunca

yayllhim gosteren 6nemli tibbi bitkilerden birisidir. Antik ¢aglardan Aragtirma Makalesi

beri antimikrobiyal, antiinflamatuar, sitotoksik ve antitlserojenik

ozellikleri nedeniyle halk tibbinda kullanilmaktadir. Bitkinin taze ve Makale Tarihgesi

kuru yapraklar: genellikle ¢ay olarak tiiketilmektedir. Bu calisma, Gelig Tarithi  :30.11.2021
Alanya ekolojik kogullarinda dogal olarak yetisen Cistus creticus L. Kabul Tarihi :24.02.2022
bitkisinin taze ve kurutulmus yapraklarinin bazi biyokimyasal

ozelliklerini arastirmayr amaglamaktadir. Bu amagcla bitkinin Anahtar Kelimeler
vejetatif gelisiminin en ylksek oldugu ilkbahar doneminde hasat Antioksidan kapasite
edilen yaprak orneklerinde; toplam askorbik asit, toplam fenolik, Cistus creticus
toplam flavonoid, toplam klorofil ve toplam karotenoid icerikleri ile Fenolik

antioksidan aktivite arastirilmistir. Toplam askorbik asit miktar: Karotenoid
disindaki tim parametreler kuru yaprak orneklerinde taze yaprak Klorofil

orneklerinden daha ylksek bulunmustur. Bitkinin ylksek derecede
biyoaktif bilesen igermesi ve % 50 civarinda radikal suplrici
aktiviteye sahip olmasi bakimindan tiuketiminin o6nemli oldugu
distnulmektedir.

Determination of Some Bioactive Components, Pigment Content and Antioxidant Capacity in Fresh
and Dry Leaf Samples of Cistus creticus L. Grown in Alanya Ecological Conditions]

ABSTRACT Plant Physiology
Cistus creticus L. is one of the important medicinal plants spreading .
along the northern, southern and western coasts of Turkey. It has Research Article
been used in folk medicine since ancient times for its antimicrobial, Article Hist
anti-inflammatory, cytotoxic and antiulcerogenic properties. The R icie dls ory. 30.11.2021
fresh and dry leaves of the plant are generally consumed as tea. This Aecelve d ) 24'02'2022
study aims to investigate some biochemical properties of fresh and ccepte Tame
dried leaves of Cistus creticus L., which grows naturally in Alanya

. . . . 4 Keywords
ecological conditions. For this purpose, in leaf samples harvested in . .

! . ; . Antioxidant capacity

the spring period when the vegetative development of the plant is Carotenoid

highest; total ascorbic acid, total phenolic, total flavonoid, total Chlorophyll
chlorophyll and total carotenoid contents and antioxidant activity Cistus creticus
were investigated. Except for the total ascorbic acid content, all Phenolic
parameters were higher in dry leaf samples than in fresh leaf

samples. It is thought that the consumption of the plant is important

because it contains a high degree of bioactive component and has a

radical scavenging activity of around 50%.

Ataf Sekli: Kaya A, Murathan ZT 2022. Alanya Ekolojik Kogullarinda Yetigsen Cistus creticus L. Bitkisinin Taze ve Kuru
Yaprak Orneklerinde Bazi Biyoaktif Bilegenlerin, Pigment I¢erigi ve Antioksidan Kapasitenin Belirlenmesi.
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GIRIS

Insanlar yizyillar boyunca bitkilerin ¢icek, yaprak,
dal ve sap gibi farkli kisimlarindan cesitli sekillerde
hastaliklarina  ¢6zim  bulmaya  c¢alismiglardir.
Hastaliklarin bitkiler ile tedavi edilme yontemlerinin
basarili sonuglar vermesi 1ile tibbi ve aromatik
bitkilerin 6nemi artmistir. Diinya Saghk Orgiitiine
gore c¢esitll hastaliklarin tedavisi i¢in kullanilan
ilaclarin %25% tibbi bitkilerden turetilmektedir ve
diinya genelinde tibbi ve aromatik bitkilere olan talep
artmaktadir (Acibuca ve Budak, 2018).

Tirkiye sahip oldugu ekolojik ve cografik kosullar
sayesinde oOnemli tibbi ve aromatik bitkiler:
barindirmaktadir. Igerisinde onemli tibbi bitkiler
barindiran familyalardan bir tanesi de Cistaceae
(Ladengiller) familyasidir ve 8 cins ile yaklasik olarak
175 tiirtin cal1 ve otsu formlarini icerir (Riehle ve ark.
2013). Familyanin tibbi 6zellikli en 6énemli tiirleri
Cistus cinsi i¢erisinde yer almaktadir. CIstus cinsinin

uyeleri Turkiye’de dogal olarak yetisen tibbi
bitkilerdendir. Turkiye'de 5 Cistus tura
yetismektedir. Bu tirler Cistus creticus L., C.

parviflorus L., C. salviifolius L., C. laurifolius L. ve C.
monspeliensis L. olup agirlikli olarak Tirkiye'nin
kuzey, glney ve bati kesimlerinde yayilim
gostermektedir (Davis, 1965). Bu tiirler halk arasinda
‘Kaya gult’, ‘Pamucak’, “Pamukluk’, ‘Karagan’,
‘Karahan’, ‘Davsanotu’ ve ‘Tavsancil’ gibi farkh
isimler ile anilmaktadir (Sekeroglu ve Gezici, 2021).
Cistus sp. genellikle bozulmus alanlarda yayilis
gostermektedir ve tirlerin tohum g¢imlenmesinin
yangin sicakligi ile tegvik edildigi dustinulmektedir
(Riehle ve ark. 2013). Bu bitkiler sahip oldugu
antiviral, antimikrobiyal, antidiyabetik,
antispazmotik, antienflamatuar ve yiksek
antioksidan o6zellikleri nedeni ile ylzyillardir gesitli
hastaliklarin tedavisinde ve yaralarin
iyilestirilmesinde kullanilmakla birlikte hos kokular:
nedeni ile parfim eldesinde ya da goriiniimleri nedeni
ile siis bitkisi olarak da tercih edilmektedir (E1 Euch
ve ark. 2015, Sekeroglu ve Gezici, 2021). Bagisiklik

sistemini glglendirici ve iltihab azaltic1 olarak
kullanilmaktadir. Ayni zamanda cilt ve mide
hastaliklarinin tedavisinde ve mantar
enfeksiyonlarina karsi etkisinin bulundugu

bildirilmistir (Giivenc ve ark. 2005).

Yurtdisinda yapilan c¢alismalarda bitki ekstraktinin
koronaviris gibi zarfh viriislere karg: gii¢li antiviral
rol oynadigr bildirilmistir. Ozellikle viriisle temas
eden ekstraktin yiliksek oranda antiviral etkinligi
nedeniyle Cistuslu pastiller gelistirilmigtir. Bu
pastillerdeki bitki 6ziitiiniin agiz ve yutak ylizeyi
izerinde koruyucu bir bariyer olusturarak viriise
kars1 etki gosterdigi bildirilmistir. Turkiye’de de 2021
yilinda yerli Cistuslu pastil iretimi
gerceklestirilmistir (Anonim, 2021).
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Cistus creticus L. (Pembe laden) Tirkiye'de dogal
olarak yetisen ve halk arasinda tibbi amacla
kullanilan bir tirdir. Ulkemizin bati, giiney ve kuzey
kiy1 kesimlerinde yaygin olarak bulunan ve genellikle
cay olarak tlketilen Cistus creticus bitkisinin
antibakteriyal, antioksidan ve DNA interaksiyon
aktivitelerine sahip oldugu bilinmektedir (Davis,
1965, Kilic ve ark., 2019).

Bu c¢alismanin amaci tllkemizde Alanya -ekolojik
kogullarinda dogal olarak yetisen Cistus creticus
bitkisinde baz1 biyoaktif bilegenlerin, pigment
iceriginin ve antioksidan o6zelliklerin belirlenmesidir.
Bu amagla bélgeden toplanan bitkilerin hem taze hem
de kurutulmus yaprak orneklerinde; toplam fenolik,
toplam flavonoid ve toplam askorbik asit miktari, 3
farkli yoéntemle antioksidan kapasite tayini (DPPH

radikali stplrici aktivite, FRAP demir iyonu
indirgeyici antioksidan glic ve ABTS radikali
stpurici aktivite) ile pigment icerikleri
incelenmistir.

MATERYAL ve METOD

Calismada  kullanilan bitki Ornekleri  Alanya
bélgesinden ilkbahar déneminde toplanmistir. Taze
olarak c¢alisilacak oOrnekler polietilen torbalar

igerisinde ¢aligilincaya kadar -80 °C’de bekletilmis,
kuru olarak calisilacak 6rnekler ise oda sicakliginda
kurutulmus ve sonrasinda polietilen torbalar
icerisinde ¢alisilincaya kadar -80 °C’de bekletilmisgtir.

Ekstrakt hazirlanmasa

Cistus creticus Dbitkisine ait 5 gr taze ve 5 gr

kurutulmus yaprak ornegi 50 ml metanol ile
homojenize edildikten sonra homojenat 1 gece 4
°Cde, c¢alkalamali inkiibatérde bekletilmis ve

ardindan 10.000 rpm’de 10 dk santrifiyj edilerek
stipernatan elde edilmigtir. Toplam askorbik asit
analizi i¢in ise ¢ozlci olarak methanol yerine okzalik
asit kullanilmistir (Murathan ve Kaya, 2020).

Toplam fenolik madde analizi

Toplam fenolik madde miktarinin belirlenmesi igin
Spanos ve Wrolstad (1992)mn  Folin-Ciocalteu
yonteminde kigik degisiklikler yapilmig, absornabs
6lcimi 765 nm’de gerceklestirilmis ve gallik asit
standart grafiginden yararlanilarak fenolik madde
miktar1 mg GAE (gallik asit) 100 g' olarak
hesaplanmigtir.

Toplam flavonoid madde analizi

Toplam flavanoid madde miktarinin belirlenmesi igin
Quettier ve ark. (2000)nin metodunda kiigiik
degisiklikler yapilmig, absorbans olgimi 415 nm’de
gergeklestirilmig, epikatesin standart grafiginden
yararlanilarak  flavanoid madde miktar1i mg
epikatesin (EC) 100 g olarak hesaplanmigtar.
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Toplam askorbik asit analizi

Toplam askorbik asit miktar1 AOAC (1990)a gore
belirlenmis, absorbans Olgiimi 520 nm’de
gerceklestirilmig ve askorbik asit miktari askorbik
asit standart grafiginden yararlanilarak mg 100 gt
olarak hesaplanmistir.

Antioksidan kapasite tayini

Orneklerin antioksidan kapasiteleri DPPH (2,2-
diphenyl-1-picryl-hydrazyl-hydrate), = ABTS (2,2-
Azino-bis-3-ethylbenzothiazoline-6-sulfonic Acid) ve
FRAP (demir iyonu indirgeyici antioksidan giic)
metotlari ile tespit edilmistir.

DPPH yontemi

Orneklerin DPPH radikal siipiriicii  aktiviteleri
Bakhshi ve Arakawa (2006)’ya gére belirlenmistir.
Karisimlarin absorbans degerleri 515 nm’de tespit
edilmis ve %DPPH=(Akontrol-Aérnek)/Akontrol x100
formuli kullanilarak hesaplanmigtir.

ABTS yontemi

Orneklerin ABTS radikal siipiiriicii aktiviteleri Re ve
ark. (1999'na gore Dbelirlenmistir. Absorbans
degerleri 734 nm’de tespit edilmig ve

%ABTS=(Akontrol-Aérnek)/Akontrol x 100 formiili
kullanilarak hesaplanmigtir.

FRAP yontemi

Orneklerin FRAP degerleri Benzie ve Strain (1996)e
gore belirlenmigtir. Absorbans o6lgimii 593 nm’de
yapilmistir. Sonuclar FeSO4 standardindan (100-
1000 pl) yararlanilarak pmol Fe (IDg!  olarak
belirlenmigtir.

Pigment iceriginin belirlenmesi

Orneklerin pigment degerleri De-Kok ve Graham
(1980)a gére belirlenmistir. Absorbanslar 470, 645 ve
662 nm’de ol¢ulmius, 6rneklerin Klorofil a, klorofil b,

toplam klorofil ve karatenoid miktarlar
Lichtenthaler =~ and  Welburn (1983Ya  gére
hesaplanmigtir.

Istatistiksel analizler

Calismada analizler t¢ tekrarlh olarak yapilmig ve
ortalama degerler hesaplanmistir. Bu amagla SPSS
20.0 paket programi kullanilmigtir. Gruplar
arasindaki farklihiklar bagimsiz t testi ile p<0.05
onem diizeyinde belirlenmigtir.

BULGULAR ve TARTISMA

Orneklerin toplam fenolik madde, toplam flavonoid
madde, toplam askorbik asit ve pigment icerikleri
Cizelge 1.de verilmigtir. Cizelgede gorildiga gibi
toplam fenolik madde igerigi taze ve kuru yaprakta
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istatistiksel olarak farkliik gostermistir (p<0.05).
Toplam fenolik madde igerigi taze yaprakta 568.9 mg
GAE 100 g1, kuru yaprakta ise 776.6 mg GAE 100 g'!
olarak bulunmustur. Toplam flavonoid madde igerigi
fenolik madde icerigine benzer bir degisim géstermis
ve taze yaprakta 24.8 mg EC 100 g1, kuru yaprakta
ise 123.1 mg EC 100 g! olarak belirlenmigtir.
Kurutulmus o6rneklerde toplam fenolik ve flavonoid
madde miktarlarindaki artigin kurutmayla birlikte
bitki hiicre duvarlarinin pargalanmasi ve bu
bilesiklerin ekstraksiyonunun kolaylasmasi oldugu
bildirilmistir (Kamiloglu ve Capanoglu, 2015). Kilic
ve ark. (2019) C. creticus kuru yaprak
ekstraktlarinda toplam fenolik madde ve toplam
flavanoid madde miktarlarini sirasiyla 130.3 mg GAE
gl ve 83.9 mg QE g1 olarak bildirmiglerdir. Yine
Lahcen ve ark. (2020) C. creticus yapraklarinda
toplam flavanoid madde iceriginin 53 mg QE g1
oldugunu belirlemislerdir. Piluzza ve ark. (2011) bu
degeri 19.80 mg EQ g! olarak tespit etmiglerdir.
Amensour ve ark. (2010) C. ladaniferus bitkisinin
kuru yapraklarinin etanol ve metanol ekstraktlarinda
toplam fenolik madde iceriginin 11.90 mg GAE g1 ve
18 mg GAE g oldugunu, Kose ve ark. (2017) ise ayn1
bitkide toplam fenolik madde iceriginin 520 mg GAE
gl oldugunu bildirmiglerdir. Dimcheva ve Karsheva
(2017) C. incanus kuru yapraklarinin etanolik
ekstraktlarinda toplam fenolik madde icerigini 41.73
ile 98.69 mg GAE g1 olarak, Gawel-Beben ve ark.
(2020) 297.71 mg GAE g olarak belirlemiglerdir.
Aym arastirmada toplam flavanoid madde miktar:
44.77 mg QE g1 olarak tespit edilmistir. C. ladanifer
kuru yapraklarinin metanol ekstraktinda ise toplam
fenolik madde miktarimi 142.81 mg GAE g1, toplam
flavanoid madde miktarmi 27.91 mg QE g1 olarak
bildirilmistir. Literatiir sonuglariyla
karsilagtirnldiginda calismada kullanilan 6rneklerin
toplam fenolik ve flavonoid madde iceriklerinin daha
diusik oldugu belirlenmistir. Bu durum farkl
¢alismalarda kullanilan bitki érneklerinin genetiksek
farkliliklarindan kaynaklanabilecegi gibi bitkilerin
yetistigi ekolojik ve cografik kogullarin farklihigindan
veya metotsal farkliliklardan da
kaynaklanabilmektedir.

Orneklerin toplam askorbik asit icerigi taze ve kuru
yaprakta istatistiksel olarak farkl tespit edilmigtir
(p<0.05). Diger parametrelerin aksine taze
yapraktaki toplam askorbik asit igerigi kuru yapraga
oranla daha yiiksek bulunmustur. Taze yaprakta bu
deger 162.4 mg 100g?! olarak belirlenirken, kuru
yaprakta 96.7 mg 100 g?! olarak belirlenmigtir

(Cizelge 1). Bitkilere uygulanan  kurutma
yontemlerinin  birgogunda askorbik asit kaybi
goriilmektedir. Bu kaybin nedeni kurutma sirasinda
hem askorbik asitin okside olmasi hem de
polifenollerin oksidasyonunu korumak i¢in

kullanilmas1 olarak gosterilebilir (Toor ve Sevage,
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2006; Joshi ve ark., 2011). Guimarées ve ark. (2009)
C. ladanifer kuru yapraklarinda toplam askorbik asit
igerigini 647.64 ng glolarak belirlemistir. Viapiana ve
ark. (2017) farkhh Cistus genotiplerinin kuru
yapraklarinin metanolik ekstraktlarinda toplam
askorbik asit degerlerinin 0.09 ile 0.89 ug glarasinda

oldugunu bildirmiglerdir. Calismada kullanilan
orneklerin toplam askorbik asit sonuglarinin
literatiirde bildirilen sonuglardan daha yiksek

oldugu Dbelirlenmigtir. Bu durumun genetiksel,
iklimsel ve metotsal farklhiliklara ek olarak bitki
kurutma metodunun farkliligindan da
kaynaklanabilecegi diisinilmektedir. Nitekim Nindo
ve ark. (2003) daha uzun siireli ve daha yiiksek
sicaklik kullanilarak yapilan kurutma islemlerinin
askorbik  asit  oksidasyonunu  kolaylagtirmasi
nedeniyle daha yiiksek degredasyona neden oldugunu
bildirmiglerdir.

Cizelge 1. Yaprak drneklerinin toplam fenolik madde, toplam flavonoid madde, toplam askorbik asit ve pigment

igerikleri
Table 1. Total phenolic compounds, total flavonoid compounds, total ascorbic acid and pigment contents of leaf
samples
Taze yaprak Kuru yaprak
Toplam fenolik madde mg 100g! 568.9+22.3b 776.6+23.52
Toplam flavonoid madde mg 100g! 24.8+2.2b 123.1+23.3a
Toplam askorbik asit mg 100g! 162.4+12.52 96.7+7.8P
Kla ug gt 3.86+0.06P 9.94+0.0112
Klb ug gl 0.84+0.06" 4.19+0.012
Toplam karoten ug gl 0.46+0.04" 2.1+0.0072
Toplam klorofil ug gl 5.16+ 0.06P 14.1449.03a

Aym satirda gésterilen farkl harfler (a-b) t testine gore istatistiksel olarak farkliliklar: géstermektedir (p<0.05)

Orneklerin pigment icerikleri kuru &rnekte taze
ornege kiyasla daha yuksek olarak belirlenmistir. Kla
degeri taze ve kuru 6rnekte sirasiyla 3.86 ve 9.94 ug
g1, Klb degeri ise sirasiyla 0.84 ve 4.19 pg g! olarak
tespit edilmistir. Toplam klorofil icerigi taze yaprakta
5. 158 pg g1, kuru yaprakta 14.14 pg g'lolarak
belirlenmigtir. Benzer gsekilde toplam kartenoid
icerigi taze yaprakta 0.46 ug g!, kuru yaprakta 2.1
ug glolarak saptanmistir (Cizelge 1). Kurutmayla

birlikte bitki agirhigrs azalmakta ve hiicrelerin
igerigindeki su uzaklastirilmaktadir. Ekstrakt
hazirlanmirken  kullanilan 6rnek miktar1  sabit
tutuldugundan bitkinin toplam kuru maddesi

igeriginde bulunan klorofil miktar1 da taze 6rneklere
oranla daha yuksek bulunacaktir. Yilmaz ve ark.
(2021) oda sicaklhiginda kurutulmus 7Thymus vulgaris
L. Dbitki oOrneklerinde klorofil igeriginin taze
orneklerden daha yliksek oldugunu belirlemiglerdir.
Soysal ve Oztekin (1998) diisiik sicakliklarda uzun
stire kurutulan bitki oOrneklerinde toplam Kklorofil
kaybimin ¢ok az oldugunu bildirmiglerdir. Yine
Kumar ve ark. (2014) dondurarak veya oda
sicakliginda kurutma metodlarinin klorofil kaybina
en az neden olan metotlar oldugunu belirlemiglerdir.
Bitkilerin kapali ortamda dusik sicakliklarda
kurutulmasi sirasinda azalan oksijenin
karotenoidlerin stabilitesini artirdigi bildirilmigtir

Cizelge 2. Yaprak orneklerinin antioksidan aktiviteleri
Table 2. Antioxidant activities of leaf samples

(Liu ve ark., 2016).

Bitkilerde bulunan fenolik bilesikler ve Kklorofiller
antioksidan potansiyele sahip en 6nemli
bilesenlerdendir (Lanfer-Marquez ve ark. 2005).
Calismada antioksidan aktivite analizi 3 farkl
metotla belirlenmigtir. DPPH radikali stipurici
aktivite taze yaprakta % 49.5, kuru yaprakta %56.9,
ABTS radikali siipuricii aktivite taze yaprakta %
42.8, kuru yaprakta % 58.1 ve FRAP degeri ise taze
yaprakta 181.7 umol g1, kuru yaprakta 428.4 umol g!
olarak saptanmistir (Cizelge 2). Farkh yéntemlerden
elde edilen bu sonuglara gore antioksidan kapasite
kuru yapraklarda taze yapraklara kiyasla daha
yuksek bulunmustur. Bu durumun kuru érneklerde
antioksidan kapasiteye sahip olan fenolik bilesenlerin
ve pigment miktarlarinin hacme oranla fazla
olmasindan kaynaklandigi dustntlmektedir.
Viapiana ve ark. (2017) farkhh Cistus genotiplerinin
kuru yapraklarinin metanolik ekstraktlarinda FRAP
degerinin  3.16 ile 169.30 umol glolarak
bildirmiglerdir. Akkol ve ark. (2012) C. laurifolius
yapraklarinda DPPH radikali stipurici aktivite
oranin1 % 22.23 olarak, Barrajon-Catalan ve ark.
(2010) ise C. ladanifer ve C. populifolius kuru yaprak
ekstraktlarinda FRAP degerini 117.72 ve 179.10
mmol 100 g olarak tespit etmiglerdir.

FRAP (1imanl o) ARTS (94) DPPH (%)
Taze yaprak 181.7+12.5b 42.8+1.26P 49.5+5.7°
Kuru yaprak 428.4+21.92 58.1+1.32 56.9+5.22

Aym satirda gosterilen farkli harfler (a-b) t testine gore istatistiksel olarak farklihiklar: géstermektedir (p<0.05).
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SONUC ve ONERILER

Sonu¢ olarak C. creticus bitkisinin yapraklarinin
yiksek derecede biyoaktif bilesen icermesi ve % 50
civarinda radikal stiptiricii aktiviteye sahip olmasi
nedeniyle halk tarafindan kullanilmas
onerilmektedir. Ayn1 zamanda daha oOnce yapilan
caligmalar bitkinin antiviral 6zelliginin oldugunu da
gostermektedir. Son dénemde giindemde olan Covid-
19 wviriisine karst korunmada Dbitkinin etkili
olabilecegi duslinilmektedir. Bu yonde c¢alismalarin
devam ettigi de bilinmektedir. Bitkinin igerdigi
biyoaktif bilesenlerin ve antiradikal etkinin bagisiklik
sistemini koruyucu etki yaparak dolayli yonden de
virise kars: koruyucu etkisinin oldugu
distintilmektedir. Ancak bilindigi gibi bitkilerin
icerdigi bazi bilegenler belirli bir dozun {iizerinde
alindiginda mutajenik etki gostererek organizmanin

DNA’sina zarar verip, sitotoksik etkiye neden
olmakta ve nesilden nesile aktarilmaktadir. Cistus
bitkisinin yapraklari tibbi amaghh olarak cesitli
sekillerde kullanilmaktadir. Ancak hangi dozda
kullanilmasinin uygun oldugu, hangi dozun tizerinde
kullanan organizmada hasar olusturdugu

bilinmemektedir. Bu nedenle daha sonra yapilacak
calismalarla bitkinin mutajenik aktivitesinin olup
olmadiginin belirlenmesi de 6nemlidir.

Aragtirmacilarin Katki Oran1 Beyan Ozeti

Aragstirma verilerini elde etmek igin yapilan
laboratuvar c¢alismalari Armagan Kaya ve Zehra
Tugba Murathan tarafindan gergeklestirilmigtir.
Verilerin istatistiksel analizleri, yorumlanmasi ve
makalenin yaziminda her iki yazar egit oranda katki
saglamistir.

Cikar Catigmasi Beyani

Makale yazarlar1 aralarinda herhangi bir cikar

catismasi olmadigini beyan ederler.
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ABSTRACT Botany

In this work, morphological and anatomical features of seeds of 15

Alyssum taxa (A. caricum, A. davisianum, A. filiforme, A. Research Article
haussknechtii, A. murale subsp. murale var. murale, A. simplex, A.

sibiricum, A. desertorum, A. hirsutum subsp. hirsutum, A. minutum, Article History

A. strictum, A. strigosum subsp. strigosum, A. szowitsianum, A. Received 1 05.09.2021
dasycarpum and A. linifolium var. linifolium) from Turkey were Accepted :10.02.2022
examined with the cluster analysis, and the systematic importance

of these characteristics was assessed. The findings exhibited that Keywords

there were variations among the taxa with respect to seed form, Alyssum

color, and wing existence. The seed dimensions were between 0.43 - Seed

2.12 mm in length, and between 0.34 - 2.05 mm in width. A. SEM

davisianum and A. filiforme were remarkably distinct from others in Taxonomy

terms of seed dimension, the first having the smallest and the second UPGMA

having the largest seeds. The surface ornamentation was categorized
as nine types; reticulate-foveate, scalariform, tuberculate, alveolate,
reticulate-alveolate, aculate, ruminate, verrucate and rugose. The
most common type was alveolate, however; tuberculate and rugose
types were taxon specific. Also, formation and thicknesses in
testa and endosperm layers were studied anatomically. Seed
morphological and anatomical features with a few exclusions
revealed variety and they were of the taxonomic significance in
discrimination of the studied taxa.

Tirkiye'de Alyssum (Brassicaceae) Tiirlerinin Tanimlanmasinda Tohum Morfo-anatomik
Karakterlerinin Uygulanabilirligi: Sistematik Bir Yaklagim
OZET Botanik
Bu calismada, Tiirkiye'den 15 Alyssum taksonunun (A. caricum, A.
davisianum, A. filiforme, A. haussknechtii, A. murale subsp. murale Aragtirma Makalesi
var. murale, A. simplex, A. sibiricum, A. desertorum, A. hirsutum . .
subsp. hAirsutum, A. minutum, A. strictum, A. strigosum subsp. Makale T.ar'lh(;e‘s1
strigosum, A. szowitsianum, A. dasycarpum ve A. linifolium var. Gelis Tan}'n' :05'09'2021
linifolium) tohumlarinin morfolojik ve anatomik &zellikleri kiime Kabul Tarihi  :10.02.2022
an:jllizi i!e. ipcglenmis ve bu ozelliklerin sistematik .dnem% Anahtar Kelimeler
degerlendirilmigtir. Bulgular, taksonlar arasinda tohum sekli, rengi Alyssum
ve kanat varligr acisindan farkhiliklar oldugunu ortaya cikarmistir. Tohum
Tohum boyutlar1 0,43 - 2,12 mm uzunlugunda ve 0,34 - 2,05 mm SEM
genigliginde olmustur. A. davisianum ve A. filiforme, tohum boyutu Taksonomi
acisindan digerlerinden oldukea farkliydi, birincisi en kigiik, ikincisi UPGMA

en biyik tohumlara sahipti. Yluzey ornamentasyonlari dokuz tip
olarak smmiflandirilmigtir; agsi-foveat, skalariform, tiiberkilat,
alveolat, agsi-alveolat, akulat, ruminat, verrukat ve rugoz. En
yaygin tip alveolatti, buna karsin; tiberkilat ve rugoz tipleri
taksona 6zgliydi. Ayrica testa ve endosperm tabakalarindaki olusum
ve kalinliklar anatomik olarak incelenmigtir. Tohum morfolojik ve
anatomik 6zellikleri, birkag istisna disinda gesitliligi ortaya koydu ve
incelenen taksonlarin ayriminda taksonomik 6neme sahipti.
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INTRODUCTION 2015).

Brassicaceae (Cruciferae) is one of the biggest
Spermatophyta families, involving 340 genera and
3740 taxa dispersed through the areas mostly on mild
areas of the Northern Hemisphere (Khalik and
Maesen, 2002; Hohmann et al., 2015; Karaismailoglu,
2017). The genus Alyssum L. has over 195 taxa in
worldwide with major spread in Turkey and Eastern
Europe (Warwick et al., 2006; Biilbiil et al., 2019).
The genus is represented by more than 100 taxa in
Turkey (Giiner et al., 2012).

The genus Alyssum and many genera in the family
are taxonomically problematic, due to very variable
in habit, fruit and floral morphology (Dudley,
1965; Karaismailoglu, 2018). This situation triggers
some difficulties in classification of the genus; and so
extra characteristics are required in the classification
of the genus in addition to traditional characters.

Micromorphological characters are systematically
important in separation of the plant taxa
(Brochmann, 1992), in defining of the evolutionary
links and in explaining of the systematic difficulties
(Khalik and Maesen, 2002; Karaismailoglu, 2019a).
Also, forms of the epidermal cells are excellent
identification features at species level (Barthlott,
1981; Khalik and Maesen, 2002; Karaismailoglu,
2019b). In addition, seed anatomical characteristics
are utilized in separating of closely related taxa in
the  genera (Karaismailoglu, 2016 and 2019a).
However, there are only few systematic studies on
seeds features of Alyssum (Biilbiil et al., 2019; Sirin,
2019). Thus, the purpose of this investigation is to
assess seed morpho-anatomical features of the
examined Alyssum taxa, and their utilize in
infrageneric delimitation.

MATERIAL and METHOD

The seeds belonging to 15 Alyssum taxa were used
for the morpho-anatomical examinations. The
samples were gathered from native inhabitants
and collected in Siirt University Fauna and Flora
center (SUFAF) (Table 1). Evaluations were made on
50 mature seeds for each taxon.

Morphological characters like shape, dimension
and color of seeds were analyzed utilizing
stereomicroscope and Kameram Imaging Software
(KIS). To observe micromorphological structures,
samples were arranged for Scanning Electron
Microscopy (SEM) by sticking with silver-paste on
the stub, and covered with gold (Karaismailoglu,
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The cross-sections were obtained with an automatic
microtome from the mid-section of seeds. The samples
were put in FAA for 24 hours. Afterward, they were
dehydrated via ethanol and xylene sets, and dyed
with Hematoxylin-Eosin Y, and were covered with
entellan to see anatomical elements
(Karaismailoglu, 2015). The anatomical features
involving testa and endosperm were examined,
and their pictures were taken with  utilizing
Olympus CX21FS1 light microscope and KIS.

The terminology of morpho-anatomical features of
seeds was suitable with Stearn (Stearn,1985).

Clustering of taxa was done with applying the
grouping assessment approach (UPGMA) as per 59
characteristics in Tables 2-3 [Characteristics utilized
in statistical examination; seed color: brown or dark
brown (1), clear brown (2), dark brown-black (3),
shape: ellipticus (4), ovatus (5), circularis (6),
circularis-transverse (7), ovatus-late (8), ovatus-
transverse late (9), surface: coarse protrusions (10),
smooth (11), slightly striped (12), reticulate (13),
sizes: length (14), width (15), raphe presence (16),
surface ornamentation: alveolate (17), scalariform
(18), reticulate-alveolate (19), aculate (20), ruminate
(21), verrucate (22), tuberculate (23), rugose (24),
reticulate-foveate (25), anticlinal cell wall: raised (26),
sunken (27), unclear (28), periclinal cell wall: concave
(29), convex (30), unclear (31), epidermal cell
structures: rectangular (32), pentagonal (33),
alveolate (34), protrusion (35), polygonal (36), crushed
polygonal (37), oval (38), unclear (39), the anatomical
structures of outer epidermis of outer testa: flat (40),
elongated rectangular (41), cubic (42), polygonal (43),
oval (44), inner epidermis presence (45), inner
epidermis structure: flat (46), rectangular (47),
elongated rectangular (48), crushed (49), outer testa
thickness (50), inner testa presence (51), inner testa
structure: flat (52), rectangular (53), crushed (54),
inner testa thickness (55), parenchyma structure: flat
(56), rectangular (57), parenchyma thickness (58),
presence of mucilage cell (59)]. Furthermore, the
dissimilarity matrix of the analyzed taxa was created
with MVSP (Kovach, 2007) (Table 4).

RESULTS

The seed features containing color, dimension, shape
and surface characters are macromorphologically
assessed (Figure 1 and Table 2). Seed colors of
examined taxa are observed as brown, clear brown,
dark brown, black-dark brown. Brown is the most
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Table 1. The analyzed taxa and their locations.
Cizelge 1. Analiz edilen taksonlar ve lokasyonlari.

14  Psilonema

dasycarpum Stephan ex Willd.

Ankara, Haymana, 10.8.2016

Karaismailoglu 330

No Sections Taxa Location Collection number
Seksiyonlar Taksonlar Lokasyon Koleksiyon numarasi
1 Odontarrhena  *Alyssum caricum T.R.Dudley & Hub.-Mor. Mugla, Marmaris, 13.8.2016 Karaismailoglu 331
2 Odontarrhena  *A. davisianum T.R.Dudley Kiutahya, Gediz, 16.6.2016 Karaismailoglu 279
3 Odontarrhena  *A. filiforme Nyar. Gumisghane, Kirtun, 13.7.2014 Karaismailoglu 85b
4 Odontarrhena  *A. haussknechtii Boiss. Bolu, Abant, 21.5.2016 Karaismailoglu 247
5 Odontarrhena A. murale Waldst. & Kit. subsp. murale Gumiighane, Kiirtiin, 13.7.2014 Karaismailoglu 74b
var. murale
6  Odontarrhena A. simplex Rudolph Istanbul, Biiyiikcekmece-Catalca, 8.7.2016 Karaismailoglu 312
7  Odontarrhena A. sibiricum Willd. Kiutahya, Gediz, 24.6.2016 Karaismailoglu 290
8  Alyssum A. desertorum Stapf. Ankara, Kec¢ioren, 08.2016 Karaismailoglu 337
9  Alyssum A. hirsutum M.Bieb. subsp. hirsutum Mersin, Mut, 27.7.2012 Karaismailoglu 8
10 Alyssum A. minutum Schlecht. ex DC. Bursa, Uludag, 1.7.2016 Karaismailoglu 295
11  Alyssum A. strictum Willd. Nigde, Camardi, 12.6.2016 Karaismailoglu 271
12 Alyssum A. strigosum Banks & Sol. subsp. strigosum Bursa, Uludag, 1.7.2016 Karaismailoglu 296
13  Alyssum A. szowitsianum Fisch. & C.A.Mey. Gumishane, Zigana, 27.3.2015 Karaismailoglu 115b
A.
A

15 Meniocus

. Iinifolium Stephan ex Willd. var. /inifolium Konya, Cihanbeyli-Yavsan, 11.7.2016

Karaismailoglu 316

* = endemic taxon
*= endemik takson

Table 2. The seed macro and micro morphological features of the examined taxa (L=length, W=Width, +=present, -=absent, +=standard

deviation).
Cizelge 2. Incelenen taksonlarin tohum makro ve mikro morfolojik ézellikleri (L=boy, W=en, +=mevcut, -=yok, += standart sapma).
Seed dimensions Seed Anticlinal | Periclinal | Epidermal
Seed .
Tohum boyutlar: ornamentation cell wall cell wall cell form
Taxa Color Shape surface Antiklinal | Periklinal
Taksonlar Renk Sekil Tohum Tohum nLiana eriina Epidermal
oo L (mm) W (mm) hiicre hiicre .
yiizeyi ornamentasyonu duvar: duvar: hiicre formu
Rectangular
A. caricum gark Ellipticus Coarse . 1.32+0.18 | 1.05+0.12 | Scalariform Raised Concave or
TOWI protrusions
Pentagonal
A. davisianum gfs‘l;n Ovatus Smooth 0.43+0.08 | 0.34+0.06 | Scalariform Sunken Convex Rectangular
A. filiforme giii:n Circularis | Smooth 2.12+0.18 | 2.05+0.12 | Alveolate Sunken Concave Alveolate
A. haussknechtii | Brown Ovatus Shghtly 0.75+0.24 | 0.47+0.16 Reticulate- Raised Concave Polygonal or
striped Alveolate Alveolate
A. murale subsp. . .
Circularis- .
murale Brown T Smooth 2.07+0.15 1.91+0.08 | Aculate Sunken Convex Protrusion
ransverse
var. murale
, Black-Dark | OVatUs” .
A. simplex Brown transverse | Smooth 1.22+0.12 | 1.07+0.08 | Ruminate Unclear Unclear Unclear
late
e . Ovatus- .
A. sibiricum Brown late Reticulate | 1.02+0.04 | 0.95+0.04 | Verrucate Sunken Convex Oval
A. desertorum giii:n Circularis | Smooth 1.15+0.14 1.09+0.15 | Tuberculate Sunken Convex Unclear
4. bzrsut}zm Dark Ovatus Smooth 1.41+0.15 1.21+0.12 | Aculate Sunken Convex Alveolate
subsp. Airsutum | Brown
Ovatus-
A. minutum Brown transverse | Reticulate |1.38+0.18 | 1.29+0.15 | Tuberculate Sunken Convex Unclear
late
A. strictum Brown Circularis | Reticulate | 1.08+0.06 1.01+0.04 | Alveolate Sunken Concave Oval
A . Black-Dark
strigosum subsp. Brown Ovatus Smooth 1.93+0.12 1.41+0.15 | Verrucate Sunken Concave Unclear
strigosum
.. Clear s Crushed
A. szowitsianum Ellipticus | Smooth 1.09+0.18 | 0.95+0.10 | Rugose Sunken Convex
Brown polygonal
s Slightly Reticulate-
A. dasycarpum | Brown Ellipticus striped 1.02+0.21 | 0.79+0.18 Foveate Sunken Convex Polygonal
A Dark
Iinifolium var. Ii Bjown Ellipticus | Reticulate |1.28+0.21 | 1.05+0.10 | Ruminate Unclear Unclear Unclear
nifolium
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Table 3. The seed anatomical features of the examined taxa (+=present, -=absent, +standart deviation).
Cizelge 3. Incelenen taksonlarin tohum anatomik ézellikleri (+=mevcut, -=yok, += standart sapma).

Outer testa Inner testa Parenchyma layer
Dis testa I¢ testa Parenkima tabakasi
Outer Inner
Taxa epidermis epidermis
Taksonlar structures structure Thickness |Structure Thickness | Structure  Thickness
Digs I¢
epidermis epidermis  Kalinlik Yapi Kalinlik Yap:1 Kalinhk
yapisi yapisi (pm) (um) (um)
. 1-2 layers, - 28.39+2.06 |- - 1 layer, flat | 20.18+1.24
A. caricum
flat cells cells
1 layer, 1 layer, flat | 59.86+4.03 |- - 1 layer, flat | 33.85+2.39
.. elongated cells cells
A. davisianum
rectangular
cells
2-3 layers, 1 layer, flat | 122.77+5.86 | - - 1 layer, flat | 25.42+1.88
A. filiforme polygonal cells cells
cells
A haussknechtii 1 layer, flat 2-3 layer, 67.42+3.24 |- - 1 layer, flat | 27.17+0.99
cells flat cells cells
A. murale subsp. murale 1 layer, cubic |1 layer, flat | 56.27+2.51 |- - 1 layer, flat | 19.76+2.54
or polygonal | cells cells
var. murale
cells
. 1 layer, oval |1 layer, flat | 69.27+3.46 |1 layer, flat | 22.38+1.28 | 1 layer, flat | 27.52+2.41
A. simplex
cells cells cells cells
1-2 layers, 1 layer, flat | 72.1942.45 | 1 layer, flat | 39.72+2.87 | 1 layer, flat | 35.28+3.17
A. sibiricum polygonal cells cells cells
cells
A desertorum 1 layer, cubic |1 layer, flat | 50.24+2.11 |- - 1 layer, flat | 21.16+3.07
cells cells cells
2-3 layers, 1-2 layers, |133.15+4.64 |- - 1 layer, flat | 32.14+1.14
A. hirsutum subsp. polygonal elongated cells
hirsutum cells rectangular
cells
1 layer, 1 layer, 86.25+3.35 |- - 1 layer, flat | 24.83+1.56
A mi elongated elongated cells
. minutum
rectangular |rectangular
cells cells
1 layer, 1 layer, 130.21+4.98 | 1 layer, 24.26+2.15 | 1 layer, flat | 24.76+2.05
. elongated elongated rectangular cells
A. strictum
rectangular |rectangular cells
cells cells
A 2-3 layers, 1-2 layers, |138.49+3.77 |- - 1 layer, 29.44+3.29
o t:I'j osum subsp. stricosum polygonal crushed rectangular
8t P i cells cells cells
1-2 layers, 1-2 layers, |115.89+2.54 |1 layer, 19.21+2.54 | 1 layer, flat | 50.66+2.97
A szowitsianum polygonal elongated crushed cells
cells rectangular cells
cells
1 layer, 1 layer, flat | 67.81+5.42 |- - 1 layer, flat | 24.47+1.10
A dasvearpum elongated cells cells
’ yearp rectangular
cells
2-3 layers, - 60.28+3.88 |- - 1 layer, flat | 22.19+0.77
A. Iinifolium var. Ilinifolium | polygonal cells
cells
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Table 4. The dissimilarity matrix of the examined taxa.

Cizelge 4. Calisilan taksonlarin benzemezlik matrisi.

4

7

13

'@
v
®

[ 4
)

Taxa 1 2 3 4 5 6 7 8 9 10 |11 |12 |18 |14 |15

Taksonlar

A. caricum (1) 0

A. davisianum (2) 1.06 |0

A. filiforme (3) 423 1376 |0

A. haussknechtii (4) 485 843 |625 |0

A. murale subsp. murale 354 |3.61 |1.89 |7.24 |0

var. murale (5)

A. simplex (6) 4.19 |8.08 |11.75]/10.75|6.67 |0 -

A. sibiricum (7) 3.68 |5.65 |4.27 |6.08 |5.39 [8.18 |0

A. desertorum (8) 8.95 [2.19 [5.16 |6.74 |563 |843 |415 |0

A. hirsutum subsp. hirsutum (9) 2.01 459 |1.15 |6.18 |1.88 [8.11 |3.58 [4.32 |0

A. minutum (10) 2.48 |4.96 [4.32 |5.34 [5.18 |8.54 [3.14 [5.58 [3.19 [0

A. strictum (11) 5.86 |4.57 [4.09 |6.33 [5.93 [8.46 |1.88 [5.51 [2.97 [1.21 |0 -

A. strigosum subsp. strigosum (12) |4.21 [4.83 [4.11 |6.03 |6.16 |7.76 |1.86 [6.03 [3.27 [1.09 [1.29 |0

A. szowitsianum (13) 7.38 |7.27 [5.21 |7.46 [5.35 |9.46 |5.19 [2.01 [4.76 |4.62 |4.19 |6.84 [0

A. dasycarpum (14) 12.67|11.3212.65[11.42|11.64 [12.95]|11.73 | 11.51 [ 12.09 | 11.95[11.18 | 12.33[11.54 | 0 -

A. Iinifolium var. Iinifolium (15) 10.5219.89 |9.55 [9.74 [8.96 [8.87 |9.02 855 [8.61 |8.69 [844 |851 [849 [7.55]0
e——

Figure 1. The seeds of the analyzed taxa; 1: Alyssum caricum, 2: A. davisianum, 3: A. filiforme, 4: A. haussknechtii, 5. A. murale subsp.
murale var. murale, 6: A. simplex, T: A. sibiricum, 8 A. desertorum, 9: A. hirsutum subsp. hirsutum, 10: A. minutum, 11: A.
strictum, 12: A. strigosum subsp. strigosum, 13: A. szowitsianum, 14: A. dasycarpum, 15: A. linifolium var. linifolium (Scale bars=1

Sekil 1. Analiz edilen taksonlarin tohumlari; 1° Alyssum caricum, 2° A. davisianum, 3° A. filiforme, 4° A. haussknechtii, 5 A. murale subsp.
murale var. murale, 6: A. simplex, 7' A. sibiricum, 8 A. desertorum, 9: A. hirsutum subsp. hirsutum, 10- A. mjnutung, 11° A.
strictum, 12° A. strigosum subsp. strigosum, 13° A. szowitsianum, 14° A. dasycarpum, 15° A. Iinifolium var. linifolium (Olgekler=

Imm).
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ordinary color, noticed in 6 of the studied taxa. 6
different seed shapes are found: ellipticus, ovatus,
circularis, circularis-transverse, ovatus-late and
ovatus-transverse late. Ovatus and ellipticus are the
more common than other taxa. Ovatus-late and
circularis-transverse types are characteristic for A.
sibiricum and A. murale subsp. murale var. murale,
respectively (Figure 1 and Table 2). The seed
dimension varies between 0.43 - 2.12 mm in length,
between 0.34 2.056 mm in width. Alyssum
davisianum and A. filiforme are markedly distinct
from other taxa in terms of seed dimension. Seed
surface structure has demonstrated differences:
smooth in 8 taxa, reticulate in 4 taxa, slightly striped
in 2 taxa and coarse protrusion in 1 taxon (Figure 1
and Table 2). In addition, the presence of raphe has
an important role in separation of some taxa with the
same population appearance.

The seed ornamentation types, periclinal-anticlinal
cell wall structures, and epidermal cell forms of the
examined taxa are micromorphologically analysed.
Seed ornamentation has recorded in 9 different types:
alveolate, scalariform, reticulate-alveolate, aculate,
ruminate, verrucate, tuberculate, rugose and
reticulate-foveate (Figure 2 and Table 2). The most
common types are scalariform, alveolate, aculate,
ruminate, verrucate and tuberculate (each is seen in 2
taxa). Some types such as reticulate-alveolate (in A.
haussknechti)), rugose (in A. szowitsianum) and
reticulate-foveate (in A. dasycarpum) are specific to
only 1 taxon. The anticlinal cell walls are in raised,
sunken and unclear structures. The anticlinal cell
wall of the ruminate ornamentation type does not
contain special structure. Periclinal cell wall is convex
(8 taxa), concave (5 taxa), or unclear (2 taxa) in form
(Table 2). Also, the cell forms on surface are very
distinct: rectangular, pentagonal, alveolate,
protrusion, polygonal, crushed polygonal, oval, and
unclear. The most common cell form is unclear, while
protrusion is the rarest type (Table 2).

The outcomes of the seed anatomical examination are
displayed in Figure 3 and Table 3. Generally, the
seeds of the analysed samples are comprised of 4
layers, involving the outer epidermis, the inner
epidermis (outer testa), the inner testa, and the
endosperm. The outer epidermis consists of the
elongated rectangular, flat, cubic, polygonal, and oval
cell shapes, with the number of layers varying
between 1 and 3 (Table 3). The most frequent type is
polygonal, while the rarest one is the oval form
(Figure 3). The inner epidermis consists of 1-3 layers
of flat, crushed, and elongated rectangular cells.
There is no the inner epidermis layer in A. caricum
and A. Ilinifolium var. linifolium taxa. The thickness
of the epidermis layers (outer testa) varies between
28.39 um (in A. caricum) - 138.49 um (in A. strigosum
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subsp. strigosum). The inner testa, which is mostly a
squeezed tissue below the outer testa layers, has 1-
layered of flat, rectangular, or crushed cells in the
studied 4 taxa (A. strictum, A. simplex, A.
szowitsianum and A. sibiricum). Thickness of this
layer ranges from 19.21 um (in A. szowitsianum) to
39.72 um (in A. sibiricum) (Table 3). The endosperm
of the analysed samples is 1-layered, and contains
mainly flat and rarely rectangular cells. Endosperm
thickness ranges from 19.76 pm to 50.66 um. The
broadest endosperm is observed in A. szowitsianum;
however, A. murale subsp. murale var. murale is of
the narrowest. Mucilage cells are noticed in the outer
testa layers of seeds of the examined taxa, outside of
A. caricum (Figure 3 and Table 3).

The statistical evaluation of the seed morpho-
anatomical features allows the produce of a
dendrogram revealing the similarities and differences
between the taxa studied. A dendrogram is created as
a consequence of the cluster testing based on the
difference and similarity of 59 characteristics in 15
Alyssum taxa. The co-phenetic relationship coefficient
has computed to obtain the correlation between the
dissimilarity matrix and dendrogram (Table 4 and
Figure 4). The co-phenetic relationship between
dissimilarity matrix and dendrogram has been
determined as 0.59. The cluster analysis show that
there are 2 main clusters as A and B: Cluster Al
contains A. linifolium var. linifolium, A. szowitsianum
and A. desertorum. Cluster A2 consists of 2 subsets as
A21 (A. hirsutum subsp. hirsutum, A. filiforme, A.
murale subsp. murale var. murale, A. davisianum, A.
caricum) and A22 (A. sibiricum, A. strictum, A.
minutum and A. strigosum subsp. strigosum). Cluster
B contains A. haussknechtii and A. simplex. Alyssum
dasycarpum has created a clade branch outside of
clusters in dendrogram (Figure 4). A. caricum and A.
davisianum are the most closely related taxa
(dissimilarity coefficient: 1.06), as A. dasycarpum and
A. simplex are the most distantly related taxa
(dissimilarity coefficient: 12.95) (Table 4).

DISCUSSION

The seed morphological data such as color, dimension
and surface are valuable in explaining evolutionary

relationships, solving taxonomic problems and
separating closely related taxa in the family
Brassicaceae (Vaughan and Whitehouse, 1976;

Corner, 1976; Karaismailoglu, 2016, 2019a, 2019b).
The seed macromorphological features have
demonstrated differences among the Alyssum species.
The color is helpful in separating of some closely
correlated taxa in terms of population appearance,
flower and fruit characters, like A. strictum (brown) -
A. szowitsianum (clear brown), A. simplex (black-dark
brown) - A. sibiricum (brown) and A. desertorum -
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Figure 2. SEM pictures of the examined taxa: 1-3: Alyssum caricum, 4-6: A. davisianum, 7-9: A. filiforme, 10-12:
A. haussknechtii, 13-15: A. murale subsp. murale var. murale, 16-18: A. simplex, 19-21: A. sibiricum,
22-24: A. desertorum, 25-27: A. hirsutum subsp. hirsutum, 28-30: A. minutum, 31-33: A. strictum, 34-
36: A. strigosum subsp. strigosum, 37-39: A. szowitsianum, 40-42: A. dasycarpum, 43-45: A. linifolium
var. linifolium.

Sekil 2. Incelenen taksonlarin SEM resimleri: 1-3: Alyssum caricum, 4-6: A. davisianum, 7-9- A. filiforme, 10-12:

A. haussknechtii, 13-15° A. murale subsp. murale var. murale, 16-18° A. simplex, 19-21° A. sibiricum, 22-
24: A. desertorum, 25-27: A. hirsutum subsp. hirsutum, 28-30° A. minutum, 31-33° A. strictum, 34-36- A.
strigosum subsp. strigosum, 37-39° A. szowitsianum, 40-42° A. dasycarpum, 43-45° A. Ilinifolium var.
Iinifolium.
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Figure 3. The anatomical structures of the seeds of the analyzed taxa; 1: Alyssum caricum, 2: A. davisianum, 3:
A. filiforme, 4: A. haussknechtii, 5: A. murale subsp. murale var. murale, 6: A. simplex, 7' A. sibiricum,
8: A. desertorum, 9: A. hirsutum subsp. hirsutum, 10} A. minutum, 11: A. strictum, 12: A. strigosum
subsp. strigosum, 13: A. szowitsianum, 14: A. dasycarpum, 15 A. linifolium var. linifolium (e:
epidermis, oe: outer epidermis, ie: inner epidermis, pa: parenchyma, ct: compressed tissue=inner testa,
mc: mucilages cells, scale bars=100 pm).

Sekil 3. Analiz edilen taksonlarin tohumlarinin anatomik yapilaris 1° Alyssum caricum, 2° A. davisianum, 3- A.
filiforme, 4° A. haussknechtii, 5° A. murale subsp. murale var. murale, 6° A. simplex, 7 A. sibiricum, 8-
A. desertorum, 9 A. hirsutum subsp. hirsutum, 10° A. minutum, 11° A. strictum, 12° A. strigosum
subsp. strigosum, 13° A. szowitsianum, 14 A. dasycarpum, 15° A. Iinifolium var. linifolium (e:
epidermis, oe: dis epidermis, 1e’ i¢ epidermis, pa’ parenkima, ct’ baskilanmis doku=i¢ testa, mc’ musilaj
hiicreleri, 6lcekler=100 jum).
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Figure 4. The dendrogram created with UPGMA of studied taxa.
Sekil 4. Calisilan taksonlarin UPGMA ile olusturulan dendrogrami.

(clear brown) A. hirsutum subsp. hirsutum (dark
brown). Seed surfaces mirror ecological knowledge
and adaptation of the species. So, they are diverse
among species and are of the systematic importance
(Brochmann, 1992; Karaismailoglu, 2015, 2016,
2019a; Karaismailoglu and Erol, 2018). In this work,
seed surfaces of the studied species are in different
structures: slightly striped, reticulate, smooth or
coarse protrusions. This diversity has been found to
be one of the reliable characters that distinguish taxa
from each other. The obtained macro-morphological
outcomes are coherent with the earlier findings,
which are concerned on seed exomorphic features
realized on some genus within the family (Kaya et al.,
2011; Bona, 2013; Karaismailoglu and Erol, 2018;
Bulbil et al., 2019; Karaismailoglu 2019a, 2019b;
Sirin, 2019; Sirin and Karaismailoglu, 2020).

The seed micromorphological features are of the high
taxonomic significance (Karaismailoglu and Erol,
2018; Sirin and Karaismailoglu, 2020). The
significance and effectiveness of scanning electron
microscopy 1in resolving systematic problems within
the family Brassicaceae has been shown in many
studies performed on seed microstructures (Kaya et
al., 2011; Kasem et al., 2011; Bona, 2013; Bilbil et
al., 2019; Karaismailoglu 2019b). The tested taxa
have been analyzed for the first time, except for A.
caricum (reticulate), A. sibiricum (reticulate-foveate)
and A. strictum (ruminate) (Biilbiil et al., 2019). In
this work, 9 different ornamentation types have found
as alveolate, scalariform, reticulate-alveolate, aculate,
ruminate, verrucate, tuberculate, rugose and
reticulate-foveate. The most common types are
scalariform, alveolate, aculate, ruminate, verrucate
and tuberculate (each is seen in 2 taxa), as reported
in Tantawy et al. (2004) and Karaismailoglu and Erol
(2018). The surface ornamentation type is effective in
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separating of some closely related taxa; A. strictum
(alveolate) - A. szowitsianum (rugose), A. simplex
(ruminate) A. sibiricum (verrucate) and A.
desertorum (tuberculate) A. hirsutum subsp.
hirsutum (aculate). Earlier seed morphology reports
have indicated that the structures of the anticlinal-
periclinal cell walls are great problem-solving
parameters within genus (Barthlott, 1981; Tantawy
et al., 2004; Bona, 2013). Also, the forms of anticlinal-
periclinal cell walls are useful in discrimination of
taxa. As, anticlinal cell wall is in raised, sunken or
unclear structures, the form of periclinal cell wall is
concave, convex or unclear. Alyssum species are
mostly distinct in terms of the epidermal cells, which
may be rectangular, pentagonal, alveolate,
protrusion, polygonal, crushed polygonal, oval and
unclear structures. Generally, scanning electron
microscope findings have revealed that the
exhaustive analysis of seed features of Alyssum
species is very helpful in identification and separation
of taxa.

Studies of seed testa anatomy in the Brassicaceae
family have enabled systematic problems to be
overcome (Vaughan et al., 1976; Ghaempanah et al.,
2013; Karaismailoglu and Erol, 2018; Karaismailoglu,
2019a; Karaismailoglu and Erol, 2020; Sirin and
Karaismailoglu, 2020). The testa anatomical features
of some seed belonging to family have been reported
by Vaughan et al. (1976), Karaismailoglu and Erol
(2018) and Karaismailoglu (2019a). But still there are
not enough studies explaining evolutionary
relationships and including a  phylogenetic
perspective. The seed testa anatomical structures of
the studied taxa have been revealed for the first time
in this study. The seed testa mostly contains of 4
layers as the outer epidermis, the inner epidermis
(outer testa), the inner testa, and the endosperm
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(Ghaempanah et al., 2013; Karaismailoglu and Erol,
2018). Vaughan and Whitehouse (1971) have
analyzed the testa anatomical forms of seeds of 200
taxa belonging to 90 genera in the family and debated
their usage as systematic characteristics, and
discovered 15 form of epidermis cells. Besides,
Karaismailoglu and Erol (2018) have reported 4
different type in the seeds of 7Thlaspi. In this study,
the outer and inner epidermis structures quite differ
among taxa. They contain the elongated rectangular,
flat, cubic, polygonal, crushed and oval cell shapes,
with 1-3 layered. As flat and polygonal cells are
commonly observed, oval cells are uncommon in the
studied taxa. The inner testa has 1-layered of flat,
rectangular or crushed cells in the studied 4 taxa (A.
sibiricum, A. simplex, A. szowitsianum and A.
strictum). The endosperm parenchyma of seed has
showed differences among taxa in terms of structure
and thickness. The endosperm of taxa is 1-layered
and contains mostly flat and seldom rectangular cells.
The widest endosperm 1s observed in A.
szowitsianum; however, A. murale subsp. murale var.
murale has the narrowest. Mucilage cells are noticed
in the outer testa layers of seeds of the examined
taxa, outside of A. caricum. Furthermore, mucilage
presence on seed surfaces 1is acceptable as an
ecological response to water shortage (Young and
Martens, 1991). Since, the examined taxa are not
observed in wetlands.

CONCLUSION

A dendrogram is designed to assess the seed morpho-
anatomical features of the studied Alyssum taxa with
UPGMA test. The dendrogram, representing 2 main
groups, is somewhat congruent with the results of
Dudley (1965). The seed morpho-anatomical
variations have been seen in inter-species level,
especially in closely related taxa like A. strictum - A.
szowitsianum, A. simplex - A. sibiricum and A.
desertorum - A. hirsutum subsp. hirsutum. As a
result, assessing the seed morpho-anatomical
characters of the studied taxa of Alyssum presents
substantial contributions to the taxonomy of the
genus.
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ABSTRACT Botanic
In this study, the anatomical and micromorphological structure, .
karyological characteristics and biochemical content of Scutellaria Research Article
orientalis subsp. virens and endemic Scutellaria salviifolia, whose Article Hi
distributions areas overlap, were compared. Some anatomical and R t1c.e dlstory‘ 14.07.2021
micromorphological differences were observed on the taxa; Aecewe d :31'12'2021
scleranchymatic pericycle layer on the stem, stomata density, ECophe TOSens
distribution of trichomes, as well as the main vascular bundle and
X Keywords
general shape of the petiole. The chromosome numbers of both taxa Trichome
were determined as 2n = 22. However, there was a difference o o et
Lipid peroxidation
between chromosome length range and total chromosome length. The
. . Total carbohydrate
chromosome numbers and chromosome morphologies of these species Wiy
have been defined for the first time in this paper. Differences in Scutellaria -

biochemical content were observed between species. Chlorophyll a
(Chl a), total chlorophyll (Total Chl), total carbohydrate and
malondialdehyde (MDA) contents were determined higher in leaf
and stem samples of S. orientalis subsp. virens than S. salviifolia.
There was no significant difference between the two taxa in terms of
chlorophyll b (Chl b) content. Carotenoid (Car) content was detected
higher in leaves samples of S. orientalis subsp. virens, but no
significant difference was found between stems samples. Also, the
effect of taxa on biochemical contents in relation to the habitat they
live in is given in this study.

Scutellaria orientalis subsp. virens ve Scutellaria salviifolia tizerinde Anatomik, Mikromorfolojik,

Karyolojik ve Biyokimyasal bir caligma

ABSTRACT Botanik

Bu calismada, yayilis alanlar1 értiisen Scutellaria orientalis subsp.

virens ve endemik Scutellaria salviifolianmin anatomik ve Aragtirma Makalesi
mikromorfolojik yapisi, karyolojik 6zellikleri ve biyokimyasal igerigi ; :
kargilagtirilmigtir. Taksonlarda bazi1 anatomik ve mikromorfolojik Makgle Tarlhge.51
farkliliklar go6zlenmistir. Bunlar; gévdede sklerankimatik periskl Received :14'07'2021
tabakasi, stoma yogunlugu, trikomlarin dagilimi, petiyolin genel Accepted +81.12.2021
sekli ve ayrica ana iletim demetinde birtakim farkhliklar Anahtar Kelimeler
seklindedir. Her iki taksonun kromozom sayilari 2n=22 olarak Trikom

belirlenmesine ragmen kromozom uzunluk araligi ile toplam Lipid peroksidasyon
kromozom uzunlugu arasinda fark gorilmistir. Bu tirlerin Toplam karbonhidrat
kromozom sayilar1 ve kromozom morfolojileri ilk kez bu ¢alismada Mikromorfoloji
tanimlanmigtir. Turler arasinda biyokimyasal icerik farkliliklar1 da Scutellaria

gozlenmigtir. S. orientalis subsp. virensin yaprak ve goévde
orneklerinde klorofil a (Chl a), toplam klorofil (Toplam Chl), toplam
karbonhidrat ve malondialdehit (MDA) iceriginin S. salviifolia'ya
gore daha yiiksek oldugu belirlenmistir. Klorofil b (Chl b) icerigi
acisindan 1ki takson arasinda énemli bir fark tespit edilmemistir. S.
orientalis subsp. virensin yaprak orneklerinde karotenoid (Car)
icerigi daha yuksek saptanmis, ancak gévde ornekleri arasinda
onemli bir fark bulunmamigtir. Calismada taksonlarin yasadiklar:
habitata gore biyokimyasal igerikleri tizerindeki etkisi de verilmigtir.
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INTRODUCTION Zhang et al., 2020).

Lamiaceae is the third largest family in terms of
number of taxa in Turkey. Lamiaceae family is
represented by 48 genera and 782 taxa (603 species,
178 subspecies and varieties) in Tiirkiye. 44% of these
taxa are endemic. In addition, the family has 23
hybrid species and 19 of them are endemic (%83).
Studies of Turkey's Lamiaceae result has proven to be
one of the centers of diversity in the Old World. In
addition, in Turkey, there are about 10% of all species
of Lamiaceae (Celep and Dirmenci, 2017). Being from
the Lamiaceae family, the Scutellaria L. genus is one
of the semi-cosmopolitan genera of the Lamiaceae
family with its 471 species identified (Yilmaz, et al.,
2020). Due to the suspicious species status of some
taxa defined from the Soviet Union and China, in
reality this number is close to 360 (Paton, 1990). The
Scutellaria species usually grow in stony and rocky
slopes in Turkey. The genus Scutellaria has 39 taxa
(17 species, 23 subspecies, 2 varieties and 1 hybrid)
were represented in Turkey (Giiner et al., 2012,
Yilmaz et al., 2020). 17 taxa are endemic (44%) in
Turkey (Davis, 1988; Duman, 2000; Giiner et al.,
2012; Celep and Dirmenci, 2017).

Chlorophylls are the main pigments that drive
photosynthesis by absorbing light and converting it
into chemical energy (Agathokleous et al., 2020).
Carotenoids absorb certain wavelengths of light
energy in the photosynthetic system and then
transfer it to the chlorophyll molecule and thus
contribute to the photosynthesis process. In addition,
according to some researchers, carotenoids prevent
the breakdown of chlorophyll (photo oxidation) in an
environment with excessive light and oxygen and
protect the plant against physiological tissue injuries
caused by excessive light (Leiva-Ampuero et al., 2020;

Table 1. The localities and collector number of taxa
Cizelge 1. Taksonlarin lokaliteleri ve numaralari
Taxon Locality

Carbohydrates are direct photosynthetic activity
products and are structural building blocks as well as
energy sources and metabolites. They act as a source
of energy and provide carbon necessary to produce
new tissue (Trouvelot et al., 2014; Homayoonzadeh et
al., 2020). Lipid peroxidation is the reaction that
occurs in unsaturated fatty acids of cell membrane
phospholipids. Products such as malondialdehyde
resulting from lipid peroxidation event determine the
severity of peroxidation (Abdelrahim et al., 2020;
Alvarez-Robles et al., 2020).

The genus Scutellaria is taxonomically complex
because it has many species and especially some taxa
closely in morphologically. Therefore, anatomical
findings, karyo-morphological analysis of taxa are
important for the systematics. Also, the effect of taxa
on biochemical contents in relation to the habitat they
live 1n 1s given in this study. This study aims to reveal
the anatomical structure and karyomorphological
features of S. orientalis L. subsp. virens (Boiss. &
Kotschy) J.R. Edm. and S. salviifolia Benth. taxa
whose overlapping areas of distribution, and to
improve the knowledge on their biochemical content.
Thus, the results obtained from this study will
provide data for future studies.

MATERIAL and METHOD

Scutellaria taxa, the study material, were collected
from their natural habitats in the field. The localities
of taxa are given in Table 1 and Figure 1. The
collected samples have been turned into herbarium
material and are kept in the herbarium of Munzur
University.

S. orientalis subsp. virens 2000

B7 Tunceli: Between Tunceli center and Ovacik, roadsides, 1000 m, May 2020, MA

S. salviifolia

B7 Tunceli: Between Tunceli center and Ovacik, Aktuluk neighborhood, the
roadsides May 2020, 950 m, MA 2001

Anatomical studies was made on samples kept in 70%
ethyl alcohol. And performed on at least two
individuals to represent the population for each
taxon. Anatomical sections were carried out
manually. In order to better distinguish the tissues
and cells were stained with safranin-fastgreen. After,
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it was made into a permanent preparation with
entellan (Tardif and Conciatori, 2015). Anatomical
examinations were made under an Olympus BX53
microscope. Nutlet was examined in SEM (JCM-5000)
and microphotographs were taken.

Nutlets of the studied taxa were collected from their
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natural habitats for karyological analysis. In order to
obtain somatic chromosomes, the germination
environment was provided by sowing in an oven at 22
° C. After the seed germinated, the cut root tips were
kept in colchicine solution for 2 hours at room
temperature (Elci, 1982; Gedik et al., 2014). Root tips
kept in colchicine solution for 2 hours were taken
from this solution and placed in Farmer's solution (3:
1). Root tips were fixed in acetic alcohol at +4 ° C in a
refrigerator for 24 hours. At the end of 24 hours, the
root tips were hydrolyzed in 1N HCI for 8-10 minutes

/. .

Figure 1. General view of taxa. A,B- Scutellaria orientalis subsp. virens C,D- S. salviifolia

_ﬂQ

in an oven set at 60 ° C. After the hydrolysis process
was completed, the root tips were dyed with feulgen
dye for 1 hour at 22 °C in a dark environment. The
meristems taken for chromosome examinations were
broken up in a drop of aceto orcein dye with a sharp
razor blade and the coverslip was closed (Levan et al.,
1964). Levan's naming system was used in
determining the location of the centromere (Levan et
al., 1964). Intra-chromosomal asymmetric index (A1)
and inter-chromosomal asymmetric index (A2) were
calculated according to Zarco (1986).

Sekil 1. Taksonlarin genel goriintimi. A, B- Scutellaria orientalis subsp. virens C,D- S. salviifolia

Biochemical analysis

Plant parts were stored at -80° C until analysis.
Pigment analysis, total carbohydrate and lipid
peroxidation analysis were determined.

Photosynthetic Pigment Analysis

Method suggested by De-Kok and Graham (1980) was
used for pigment analysis. 0.5 gr of each leaf and
stem samples ground in the blender were taken for
extraction in 3 replicates for each sample and placed
in a glass mortar and homogenized in 25 ml of
acetone. They were homogenized in a shaking oven
for 30 minutes. These samples were then stored for 24
hours at 4 ° C. Then samples were filtered and 1/5
water was added. Samples were centrifuged at 3000
rpm for 10 minutes. The absorbance values of
samples were read at 470 nm, 645nm and 662 nm
according to Lichtenthaler and Welburn (1983) and
Chl-a, Chl-b, Car and Total Chl contents were
determined.

Total Carbohydrate Content

The total carbohydrate content was assayed according
to Rosenberg (1980). Anthrone method was used for
colorimetric method of determining the concentration
of the total carbohydrate. Absorbance was measured
at 620 nm (Shimadzu UV-1201V). Glucose values
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have been calculated corresponding to the standard
values entered on the computer in the Slide program.

Lipid Peroxidation Analysis

The method was done according to Heath and Packer
(1968). 0.5 gram of leaf tissue was homogenized in 5
mL of 0.1% TCA. The homogenate was centrifuged at
10,000 g for 10 minutes. 2 mL of 0.5% TBA (prepared
in 20% TCA) was added to 2 mL of this solution and
kept in a water bath at 95 ° C for 30 min. than
samples were centrifuged at 10,000 gram for 15 min
again. MDA content was calculated at 532 nm and
600 nm.

Statistical Analysis

Statistical evaluation of the obtained data was made
using the SPSS 21.0 program. In this program,
variance analysis was performed and Duncan test
(Duncan, 1955) was applied within the scope of
significance test.

RESULTS AND DISCUSSION
Stem anatomy and micromorphology

The stem anatomical structure of taxa shows the
general characteristics of the family. The stem has 4
corners and vascular bundles at the corners are
developed (Figure 2-3). In addition, developed
collenchyma layer was seen in the corners. S
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orientalis subsp. virens, scleranchymatic pericycle
surround partly the stem, whereas in S. salviifolia
there 1is no scleranchymatic pericycle layer.
Endodermis  cannot be  distinguished from
parenchyma tissue completely. Between the corners,
parenchyma tissue in S. salviifolia occupies relatively
more area. Although the collenchymatic hypodermis
layer is seen between the corners in both taxa, it was
seen more in S. orientalis subsp. virens. In addition,
although vascular cambium was observed in S
salviifolia, it 1s not obvious in S. orientalis subsp.
virens. Non-glandular trichomes and glandular
trichomes have seen in both taxa; Non-glandular
trichomes have been observed as a multicellular with
micropapillae and developed cell wall. Non-glandular
trichomes cell wall thickness more in S. orientalis
subsp. virens. The glandular trichomes are; both taxa
were observed as Labiatae type (peltate) and capitate
type glandular trichome. Capitate glandular
trichomes are of three subtypes. Rounded head with a
short stalk cell and a broad round head shape (A type)
and with a neck or without neck structure and with 2
stalk cells and multicellular round head shape (Bl
type) and long 2-3 cell stalk and with neck or without
neck structure and rounded head shape (B2 type).
Although these two types of glandular trichomes are
observed in taxa, relatively long capitate (B1 type) is
more dense in S. salviifolia. Short large headed
capitate (A type) was more intense in S. orientalis
subsp. virens. Besides, in the stem structure, B2 type
only observed in S. orientalis subsp. virens. Only in S.
salviifolia, a cup-shaped head structure was
commonly seen after releasing secretion Bl type
capitate trichomes. However, this head cell shape was
not seen in S. orientalis subsp. virens.

=

Figure 2. The anatomical structure of the stem S,
orientalis subsp. virens. ep: epidermis, co:

collenchyma, pa: parenchyma, sc:
sclerenchyma, ph: phloem, xy: xylem, pi:
pith
Sekil 2. S. orientalis subsp. Virens’ in kék anatomisi.
co’  kollenkima, pa’' parankima,
sklerankima, ph: floem, xy- ksilem, pi‘ 6z

sc
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Leaf anatomy and micromorphology

Leaf anatomical structure of taxa differs more than

stem anatomical structure. Generally, in both taxa

midrib has developed and swollen in abaxial direction
2 -]

A gz _ I}

o

m,\‘«‘:u‘u g

Figure 3. The anatomical structure of the stem S.
salviifolia e: epidermis, co: collenchyma,
pa: parenchyma, ph: phloem, xy: xylem

Sekil 3. 8. salviifolia’ nin kok anatomisi. co-

kollenkima, pa‘ parankima, sc: sklerankima,

ph: floem, xy: ksilem, pi: 6z

(Figure 4-5). Midrib area; it is arranged as, below the
upper epidermis, collenchyma, below it parenchyma,
xylem, phloem, parenchyma, again collenchyma and
lower epidermis. Collenchyma layer is less developed
in S. salviifolia. In both taxa, the mesophyll consists
of only the palisade parenchyma, while in S
orientalis subsp. virens it consists of 4-5 rows and the
parenchyma cells in the abaxial direction can be a
little more oval. In S. salviifolia, there are 4 rows of
palisade parenchyma. While the epidermis is mostly
rectangular shape in S. orientalis subsp. virens, it is
more oval shape in S. salviifolia. In addition, stomata
are located on both the upper and lower surfaces in
both taxa, while it is dense on the upper surface in S.
orientalis subsp. virens, while it is dense on the lower
surface in S. salviifolia While in S. orientalis subsp.
virens the leaf bottom surface is densely covered with
non-glandular trichome, it is not so in S. salviifolia.
Both non-glandular trichome and glandular trichome
were observed in both taxa, and the non-glandular
trichome is denser in S. orientalis subsp. virens and
the glandular trichome is denser in S. salviifolia. In
addition, B2 type has been observed only in S.
salviifolia and P type is quite intense.In addition,
while the non-glandular trichomes are curved in S.
orientalis subsp. virens, they are relatively not curved
in S. salviifolia.

Petiole anatomy and micromorphology

The petiole is flattened in the adaxial direction in S.
orientalis subsp. virens. In S. salviifolia, it is hollowed
in the adaxial direction and swollen and ribbed from
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the edges. There are 3 vascular bundles in both taxa. glandular trichomes were observed in both taxa,
One is in the middle and the other two are on the while A, P, B1 and B2 types were observed in S.
edges. The middle vein is developed. Both taxa are in orientalis subsp. virens; A, Bl and B2 types were
arc shape and consist of almost two lobes in S observed in S. salviifolia and P type was not observed
salviifolia. Chlorenchymatic cells were seen in the (Figure 8).

corners (Figure 6-7).

e CORRAL, =
Figure 6. S. orientalis subsp. virens, anatomical
structure of petiole, A and C- General view,

Figure 4. S. orientalis subsp. virens, anatomical B-, D- Middle vein, e' epidermis, co:
structure of the leaf ade: adaxial collenchyma, vb: vascular bundle, pa:
epidermis, abe: abaxial epidermis, co: parenchyma, pp: palisade parenchyma, tr:
collenchyma, vb: wvascular bundle, pa: trichome
parenchyma, pp: palisade parenchyma, tr: Sekil 6. S. orientalis subsp. Virens. Yaprark sapinin
trichome anatomik yapisi. Ave C genel goriiniis, B-, D

Sekil 4. S. orientalis subsp. Virens yapraginin kose goriintimii
anatomik yapisi. ade: adaksiyel epidermis, e epidermis, co: kollenkima, vb: vaskiiler damar, pa:

abe: abaksiyel epidermis, co- kollenkima, 1 parankima, pp: palizet parankimas, tr: trikiom
vb: vaskiiler demet, pa’ parankima, pp- .
palisat parankimasi, tr’ trikom

Figure 5. S.salviifolia , anatomical structure of the Figure 7. S. salviifolia, anatomical structure of

leaf ade: adaxial epidermis, abe: abaxial petiole, A and C- General view, B- Corner

epidermis, co: collenchyma, vb: vascular view, D- Middle vein, e! epidermis, co:

bundle, pa: parenchyma, pp: palisade collenchyma, vb: vascular bundle, pa:

parenchyma, tr: trichome parenchyma, pp: palisade parenchyma, tr:
Sekil 5. S.salviifolia yapraginin anatomik yapisi. ade-: trichome

adaksiyel  epidermis, abe:  abaksiyel Sekil 7. S. salviifolia. Yaprark sapinin anatomik

epidermis, co’ kollenkima, vb: vaskiiler yapist. Ave C genel goriiniis, B-, D kose

demet, pa’ parankima, pp-  palisat gérinimi

parankimasi, tr trikom e! epidermis, co: kollenkima, vb: vaskiiler damar, pa:

parankima, pp: palizet parankimas, tr: trikom

Vascular bundles in the corners are surrounded by a

parenchymatic sheath. Both non-glandular and Nutlet Structure
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The nutlet surface structure of taxa could not be Karyomorphological finding are given in Figure 9-10
observed since it is covered with dense trichomes. and Table 2-3.

However, the non-glandular trichomes differ from
each other. In S. orientalis subsp. virens, surface
completely covered with ashy hairlets. In S. orientalis
subsp wvirens, there are curved non-glandular
trichomes; It is flat in S. salviifolia. Nutlet shape is
obovate in both taxa.

Bl & . A P B2
C 7 (aN - =\
> fh N\ \
- (P { \
.‘lé 7 % /(Vlthi\ e \ \ \
A f s N A
” b » ) g ) ‘\ \ \
T, TR RN 0 s
B -
P 50 pm o 50 pm ]

Capitate type: A-
B1-B2
Peltate type: P

subsp. virens and S. salviifolia, B and D-

50 R
= 50 um = 50 ym

. Nutlet surface of S. orientalis subsp. virens
Figure 8. Glandular trichome structure of taxa (top- and S salviifolia
S. orientalis subsp. virens, under; S Sekil 9. A ve C- S. orientalis subsp. virens ve S.
salviifolia salviifolia’ nin genel goriiniisi. B ve D S.
Sekil 8. Taksonlarin glandiiler trikom yapisi (iistte; S. orientalis subsp. virens ve S. salviifolia’ nin
orientalis subsp. virens, altta; S. salviifolia) nutlet yiizeyi

Karyomorphological Findings
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Figure 11. Metaphase chromosomes belonging to the taxa studied; 1. S. orientalis subsp. virens 2. S. salviifolia
(scale bar 10 um)

Sekil 11. Incelenen taksonlara ait metafaz kromozomliari; 1. S. orientalis subsp. virens 2. S. salviifolia
(scale bar 10 um)

Table 2. Somatic chromosome number, polyploid level, karyotype formula, chromosome length range, total
chromosome length (TKL) and asymmetric index (A1, A2) of the examined taxa.

Cizelge 2. Incelenen taksonlarin somatik kromozom sayisi, poliploid diizeyi, karyotip formiilti, kromozom
uzunluk araligi, toplam kromozom uzunlugu ve asimetrik indeks (A1, A2)

Taxon on Polyploid Karyotype Chromosome TKL (um) |A1  |A2
level formula length range (um)

S. orientalis subsp. virens |22 |2x 1M+10m 2.18-3.72 30.50 3.6 2.77

S. salviifolia 22 |2x 2M+ 2sm+8m | 2.38-3.65 34.24 15.8 |3.11

Pigmentation Results Chl a content in leaves and stems samples were

. . 0 0
As analysis of pigment was evaluated in S. salviifolia, determined respectively 6.45 pg g and 2.32 ug g
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Chl b content was found 2.60 pg g1 in the leaves and
0.45 pg g1 in the stems. Total Chl content in leaves
and stems samples were measured as 9.05 pug g'! and
2.76 ng g'lrespectively. Car content was found as 0.71
pg gt in leaves and 0.44 pg g! in stems samples.
When the Chl a content in leaves and stem samples
in S orientalis subsp. virens were determined
respectively 7.37 ug g! and 2.54 pg gl. The
concentration of Chl b was contained in leaves at 2.58
pg g1 and stems at 0.48 pg g'l. Total Chl content was
calculated in leaves and stems samples as 9.95 pug g

detected on the leaves as 0.82 ng g'! and on the stems
as 0.48 pg g'l. When we compared the Chl a content
in S. salviifolia and S. orientalis subsp. virens, the
Chl a and Total Chl contents were determined higher
in the leaves and stems samples of S. orientalis
subsp. virens. There was no significant difference
between the two plants in terms of Chl b content.
When the Car content was evaluated, it was
determined higher in leaves samples of S. orientalis
subsp. virens, but no significant difference was found
between stems patterns (p <0.05) (Figure 12).

and 3.01 pg g1 respectively. Car concentrations were

Table 3. Karyomorphological parameters of the examined taxa: (NB: Relative length, L / S arm ratio, CI:
centromere index, SD: Centromere status,M:median point, m: median, sm: submedian)

Cizelge 3. Incelenen taksonlarin karyomorfolojik parametreleri: (NB: nispi boy, L / S kol orani, CI' sentromer
indeksi, , SD: sentromer durumu, M:noktali medyan, m: medyan, sm- submedyan)

S. orintalis subsp. virens

Centromere Relative

. Total Long Arm Small Arm Arm : Centromere
Haploid ;1 ght L S Ratio (AR) Pdex Length o otus SD
I=100*(S/C) N.P. )

1 3.72 1.90 1.82 1.04 48.92 12.20 m

2 3.38 1.78 1.60 1.11 47.34 11.08 m

3 3.12 1.60 1.52 1.05 48.72 10.23 m

4 3.05 1.58 1.47 1.07 48.20 10.00 m

5 2.91 1.50 1.41 1.06 48.45 9.54 m

6 2.85 1.47 1.38 1.07 48.42 9.34 m

7 2.75 1.40 1.35 1.04 49.09 9.02 m

8 2.47 1.25 1.22 1.02 49.39 8.10 m

9 2.18 1.05 1.13 0.93 51.83 7.15 m

10 2.04 1.02 1.02 1.00 50.00 6.69 M

11 2.03 1.03 1.00 1.03 49.26 6.66 m

S. salviifolia

. Total Long Arm Small Arm Ratio Centromere Relative Centromere
Haploid Lenght L Arm S (AR) Index Length Status S.D
1=100*(S/C) N.P. ‘

1 3.65 2.40 1.25 1.92 34.25 10.66 sm

2 3.50 2.28 1.22 1.87 34.86 10.22 sm

3 3.95 2.15 1.80 1.19 45.57 11.54 m

4 3.25 1.92 1.33 1.44 40.92 9.49 m

5 3.72 1.86 1.86 1.00 50.00 10.86 M

6 3.18 1.63 1.55 1.05 48.74 9.29 m

7 2.91 1.45 1.46 0.99 50.17 8.50 m

8 2.74 1.37 1.37 1.00 50.00 8.00 M

9 2.53 1.32 1.21 1.09 47.83 7.39 m

10 2.43 1.28 1.15 1.11 47.33 7.10 m

11 2.38 1.25 1.13 1.11 47.48 6.95 m
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Figure 12. Haploid idiograms belonging to the taxa studied; 1. S. orientalis subsp. virens 2. S. salviifolia
Sekil 12. Incelenen taksonlara ait haploid idiyogramliar; 1. S. orientalis subsp. virens 2. S. salviifolia

Total Carbohydrate Results

The total carbohydrate content of S. salviifolia plant
was determined as 1.27 pg g! and 0.55 pg g,
respectively, in leaves and stems samples. The total
carbohydrate content of S. orientalis subsp. virens
leaf and stem samples was found to be 1.46 ug g and

Pigmentation

10,00
8,00

6,00

)
o0
2 4,00

2,00

0,00

0.69 pg g1 respectively. When we compared the total
carbohydrate content in S. salviifolia and S. orientalis
subsp. wvirens. Total carbohydrate content in S.
orientalis subsp virens was found higher in leaves
and stems samples. Statistically, these changes were
determined significant (p <0.05) (Figure 13).

@S. salviifolia leaves
@3 S. salviifolia stems
@S. orientalis subsp. virens leaves

S. orientalis subsp. virens stems

T Chl

Figure 13. Changes in pigment contents in S. salviifolia and S. orientalis subsp. virens. The values shown with
different letters were found to be statistically significant (p <0.05), the values shown with the same

letters were found to be insignificant (Duncan, 1955)
Sekil 13. S. salviifolia ve S. orientalls subsp. virens in pigment icerigindeki degisiklikler. Farkli harflerle
gosterilen degerler istatiksel olarak anlamli (p <0.05),ayni harflerle gosterilen degerler anlamsiz

bulundu (Duncan, 1955)

MDA Results

The MDA content of S. salviifolia plant was found as
2.55 umol MDA/ g fresh weight (FW) and 1.07 pmol
MDA/ g FW, respectively, in leaves and stem samples.
The MDA content of S. orientalis subsp virens was
determined as pmol MDA/ g FW in leaves and pmol
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MDA/ g fresh weight in stems samples. When we
evaluated the MDA content in S. salviifolia and S.
orientalis subsp. virens, MDAcontent in S. orientalis
subsp. virens was found higher in leaves and stems
samples. Statistically, these changes were found to be
significant (p <0.05) (Figure 14).
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Figure 14. Changes in Total carbohydrate contents in S. salviifolia and S. orientalis subsp. virens. The values
shown with different letters were found to be statistically significant (p <0.05), the values shown with

the same letters were found to be insignificant (Duncan, 1955)
Sekil 14. S. salviifolia ve S. orientalis subsp. virens’ deki toplam karbonhidrat igerigindekr degisiklikler. Farkli
harflerle gosterilen degerler istatiksel olarak anlamli (p <0.05),ayni harflerle gosterilen degerler

anlamsiz bulundu (Duncan, 1955)

In this study; the anatomical and karyological
characteristics and biochemical content of the
samples taken from S. orientalis subsp. virens and S.
salviifolia belonging to the genus of Scutellaria,
Lamiaceae family, which are frequently used in
traditional medicine, pharmacology, cosmetics and
food industry and are of great economic importance,
were investigated.

Anatomical and micromorphological studies
conducted on Lamiaceae family recently can provide
useful characters in revealing their similarities and
differences in distinguishing taxa (Acar and Satil,
2019; Ecevit-Geng et al., 2018; Polat et al., 2017; Kaya
et al., 2013; Selvi et al., 2013; Satil and Kaya, 2007;
Satil et al., 2011).

The wvascular structure of the petiole carries a
taxonomic character. In the cross sections, the middle
vein curves in the form of a half-moon or it creates an
annular  structure by further curling; the
arrangement of small bundles of vascular vessel or
circular structure of small bundles; The number and
sequence of small vascular bundles at the ends of the
petiole (wing) are systematically important characters
in identifying genera and species (Metcalfe and
Chalk, 1950).

According to the study by Akcin et al. (2011), the S.
salviifolia petiole gave similar results to the research
we conducted, but the vascular bundle in the middle
part in this study differs in that it consists of almost
two parts and the absence of peltate-type hair. Cali
(2017) stated in his study that there were
sclerenchymatic cells in the stem of S. salviifolia, but
sclerenchyma was not found in this study. The fact
that the mesophyll is made entirely of palisade is
similar to the stoma being on both surfaces. In

addition, the fact that the petiole main vascular
bundle consists of one piece reveals its difference from
in this study. In addition, type II C glandular hair
seen only in calyx in his study was not observed in
this leaf stem and petiole. Ozdemir and Altan (2005)
stated in their study that the vascular bundles in
Scutellaria orientalts subsp. santolinoides and S.
orientalis subsp. bicolor petioles were surrounded by
scleranchymatic cells, but in this study, these
scleranchymatic cells were not observed in the other
subspecies of this species, S. orientalis subsp virens.
In the stem, it has been stated that the vascular
bundles are surrounded by scleranchymatic cells, and
in the case it is seen that it is in partly form. It is also
stated that the leaf mesophyll is bifacial, in the case it
is unifacial. In S. orientalis subsp. virens, the leaf
consists only of the palisade parenchyma. However, in
some observations, it was also observed that the
palisades on the lower surface were slightly more
oval.

Karyological studies have been carried out on some
species belonging to the genus Scutellaria. The
chromosome number of S tomentosa Bertol.,, S.
theobromina Rechf., S. araxensis Grossh., S
platystegia Juz., S. nepetifolia Benth., S., S. persica
Bornm. and S. pinnatifida has been reported as 2n =
2x = 22 (Ranjbar and Mahmoudi, 2013) In another
study, the chromosome number of endemic S.
orientalis subsp. bicolor species was determined as 2n
= 22 (Gedik et al., 2016). However, there is no
information about the chromosome number and
structure of S. salviifolia species, which is an endemic
taxon.

The chromosome number of S. salviifolia species,
which is an endemic species was determined as 2n =
22. It is seen that the total chromosome lengths of
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this species vary between 2.38-3.65 pm and arm
ratios between 1.11-1.92 um. The karyotype formula
is 7Tm + 2sm + 2M. The total chromosome length is
34.24 um. It has been determined that this species
has a satellite on its second chromosome. The
karyology of the S salviifolia species was first
determined in this study (Figure 11-12).

The chromosome number of S. orientalis subsp. virens
was determined as 2n = 22. It is seen that the total
chromosome lengths vary between 2.08-3.72 pm and
arm ratios between 1.03-1.04 pm. The karyotype
formula is 10m + 1M. Total chromosome length is
30.50 ym. The S. orintalis subsp. virens taxon was
first discussed in terms of chromosome number and
chromosome morphology in this study (Table 2).

Chlorophylls absorb light energy of certain
wavelengths and either convert this energy into
another wavelength used in photosynthesis or
transfer it directly to the compounds required for
photosynthesis. Also they act like a catholyzer in the
stages of photosynthesis. The spectral distribution of
light sources in crop production plays an important
role in finding photomorphogenic reactions. It has
been noted that the plant grows in direct proportion
as the pigment system absorbs the sunlight
(Amoozgar et al., 2017; Izzo et al., 2019). Carotenoids
are not only one of the plant pigments but also
important antioxidants that play a role in oxidative
stress tolerance. There are studies showing that the
carotenoid oxidation products as stress signals for
plants (Berru et al., 2021; Xia et al., 2021). In this
study, the contents of Chl a and Total Chl were
higher in the leaves and stem samples of S. orientalis
subsp. virens, There was no significant difference in
the content of Chl b between the two plants. Car

MDA content
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content was dound higher in the leaf samples of S.
orientalis subsp. virens, but no significant difference
was found Dbetween the patterns of stems.
Statistically, it was observed that these changing
were substantial (p <0.05) (Figure 13).

The most important product of lipid peroxidation is
MDA. It leads to binding of ion permeability and
enzyme 1t causes negative consequences such as
change of activity. Due to this feature of MDA, it can
be used to protect DNA with nitrogen bases. React
and hence mutagenic, cell genotoxic and carcinogenic
for cultures (Hafez et al., 2020; Khoubnasabjafari and
Jouyban, 2020; Nilsson and Liu, 2020). MDA content
in S. orientalis subsp. virens was found higher in
leaves and stems samples than S salviifolia.
Statistically, it was observed that these changing
were substantial (p <0.05) (Figure 14).

Carbohydrates are organic compounds containing
carbon, oxygen and hydrogen atoms in their
structures. It is also stated that carbohydrates act as
signal molecules similar to hormones (Shah et al.,
2019; Smeekens et al.,, 2000). Total carbohydrate
content in S. orientalis subsp. virens was found
higher in leaves and stems samples than S
salviifolia. Statistically, these changes have been
determined to be significant (p <0.05) (Figurel5).
Pigment, total carbohydrate and MDA contents are
used as important markers in plants under stress
conditions. The biochemical characteristics of the
plant are important in the response and adaptation to
stress in ecological conditions. In this study, it was
determined that the biochemical composition of S.
orientalis subsp. virens was found higher than that of
S. salviifolia.

S. salviifolia leaves S. salviifolia stems

S. orientalis subsp. virens

S. orientalis subsp. virens

leaves stems

Figure 15. Changes in MDA contents in S. salviifolia and S. orientalis subsp. virens. The values shown with
different letters were found to be statistically significant (p <0.05), the values shown with the same

letters were found to be insignificant (Duncan, 1955)
Sekil 15. S. salviifolia ve S. orientalis subsp. virens de MDA igerigindeki degisiklikler. Farkli harflerle gosterilen
degerler istatiksel olarak anlamli (p <0.05),aym1 harflerle gosterilen degerler anlamsiz bulundu

(Duncan, 1955)

CONCLUSION

In this study, S. orientalis subsp. virens and endemic
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S. salviifolia species were investigated in terms of
anatomical, karyological and biochemical content.
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The anatomical structure of the species has been
determined. Biochemical content has been described.
The chromosome number and chromosome
morphology of the species were first revealed. It was
found that the chromosome number of both study
samples was the same, but there was a difference in
terms of chromosome structures and chromosome
morphologies. The results increase the knowledge of
these species. This information will contribute to the
determination of the systematic location of the species
and other biological researches.
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Bu ¢alisma, 2015-2016 yillarinda Agri, Erzurum, Igdir, Kars ve Van

illeri hububat ekilis alanlarinda siine, Furygaster spp. (Hemiptera: Aragtirma Makalesi
Scutelleridae) erginlerinden elde edilen parazitoit tiirleri, bunlarin

populasyonlar igerisindeki dagilimlar1 ve parazitleme oranlarimin Makale Tarihgesi
belirlenmesi amaciyla yurutilmistir. Calisma sonucunda, siine Gelig Tarihi  :23.09.2021
ergin parazitoitleri olarak; FElomya Ilateralis (Meigen, 1824), Kabul Tarihi :22.01.2022
Ectophasia oblonga (Robineau-Desvoidy, 1830) ve Phasia

subcoleoptrata (Linnaeus, 1767) tiirleri belirlenmistir. Parazitoit Anahtar Kelimeler
popiilasyonu icerisindeki turlerin dagilimlar: ise %57’s1 £. lateralis, Stine

%23t P. subcoleoptrata ve %20’si ise FE. oblonga olarak Tachinidae (Diptera)
kaydedilmigtir. Bu tiirlerden E. lateralisin Agri ve Van illerinde, Z. Hububat

oblonganin Igdir ve Kars illerinde P. subcoleoptratanin ise Igdir

Erzurum’da yaygin tir oldugu tespit edilmigtir. Agri, Igdir ve Van
illerinde 2015-2016 yillarinda hububat alanlarinda toplanan
kiglamig ergin siinelerde toplam parazitlenme orani sirasiyla %8.73,
%1.2 ve %3.6, Erzurum ve Kars iller1 hububat ekilis alanlarinda ise
2016 yilinda toplanan ergin siinelerde sirasiyla %2.5 ve %0.68
parazitlenme meydana gelmistir. En yiiksek parazitlenme %8.73
oraniyla Agri’da tespit edilmistir.

Cevre iller

Determination of Adult Parasitoids of Sunn pest Eurygaster spp. (Hemiptera: Scutelleridae) and their
Parasitization Rates in Cereal Cultivation Areas in Igdir and Neighboring Provinces

ABSTRACT Entomology
This study was conducted to determine parasitoid species identified .
from adults of Sunn pest Furygaster spp. (Hemiptera: Research Article
Scutelleridae), their distribution in populations and their Article Hi
parasitization rates on cereal cultivation areas in Agri, Erzurum, R tlc.e dlstory‘ 93.09.202
Igdir, Kars and Van provinces in the years of 2015 and 2016. As a Aecelved :22'01'202;
result of the study, Elomya lateralis Meigen), Ectophasia oblonga ccepte Tass
(Robineau-Desvoidy) and Phasia subcoleoptrata (Linnaeus, 1767)

. . e . Keywords
species were identified as the adult Sunn pest Eurygaster species. Sunn pest
The distribution of the species within the parasitoid population was 22 o

- Tachinidae (Diptera)

recorded as 57 %F. lateralis, 23% P. subcoleoptrata and 20% FE. Cereal
oblonga. Among these species, E. lateralis was found to be common Igdir

in Agr1 and Van, E. oblonga in Igdir and Kars provinces, and P.
subcoleoptrata in Erzurum. The total parasitization rate was 8.73%,
1.2% and 3.6%, respectively. in the overwintered adult Sunn pests
collected in the cereal fields of Agri, Igdir and Van provinces in 2015-
2016, and 2.5% and 0.68%, respectively, in the adult Sunn pests
collected in the cereal cultivation areas of Erzurum and Kars
provinces in 2016. The highest parasitism rate was observed in Agri
as 8.73%.

Neighboring provinces
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GIRIS bulundugu bildirilmistir.

Tahil, insan ve hayvan gidasi olarak 6énemli bir yere
sahiptir. Cogu ulkede oldugu gibi Tiirkiye'de lretilen
tahillar igerisinde bugday ilk sirayr almaktadir.
Turkiye'de, 2019 yili verilerine gore, bugday ekilig
alan1 68.5 milyon da ve iretim miktar1 19 milyon
tondur; Dogu Anadolu Boélgesi 6. milyon da ekilig
alaniyla %8.75 ve 1. milyon ton tretim ile %5.26'lik
bir paya sahiptir (TUIK, 2021).

Turkiye’de genis alanlarda Uretimi  yapilan
hububatta, iirtin ve kalite kayiplarina neden olan en
oénemli zararli siine, Furygaster spp. (Hemiptera:
Scutelleridae)’dir (Goziiacik ve Yigit, 2014). Siinenin
birgok  dogal digsmani bulunmaktadir. Siine
populasyonunu sinirlayan en énemli dogal diismani
yumurta parazitoiti 7rissolcus (Ashmead, 1893)
(Hymenoptera: Scelionidae) tiirleridir. Tachinidae
(Diptera) familyasina baglh siine nimf ve ergin
parazitoitleri de stinenin poptilasyonlarini
siirlamada belirli bir paya sahiptir (Lodos, 1961).

Tachinidae familyasina ait sinek tlrlerinin,
Lepidoptera, Coleoptera, Hemiptera ve Orthoptera
takimina bagl boceklerin parazitoitleri oldugu ve
Avrupa’da yaklagik 750-800 kadar tiirti parazitledigi
bildirilmektedir (Greiner ve Liljesthrom, 1992). Aymi
familyaya baglh Phasiinae alt familyas1 turlerinin

sadece Heteroptera tiirlerini parazitledigi, ergin
stineleri kisirlagtirdigi ve populasyonlarini bask:
altina aldigi  bildirilmektedir ~ (Dubina, 1974;

Belyaeva, 1975; Tchorsing ve Herting, 1994; Kivan,
1996; Islamoglu ve Kornogor 2004).

Stine ergin parazitoitleri olarak Giineydogu Anadolu
Bolgesi'nde yapilan c¢alismalarda Heliozeta helluo
(Fabricius, 1805), Phasia subcoleoptrata (Linnaeus,
1767), Clytiomya helluo (Fabr, 1805), Helomyia
lateralis (Meig, 1824), Phasia crassipennis
(Fabricius, 1794), E. crassipenis (Fabricius, 1794),
Elomya lateralis (Meigen, 1824) ve FEctophasia
oblonga (Robineau-Desvoidy, 1830)(Lodos, 1961;
Brown, 1962; Yiiksel, 1968; Onciier, 1991; Géziacik
ve ark., 2010; Giin, 2010; Duman, 2015), Akdeniz
Bolgesi'nde P. crassipennis, FE. oblonga, P.
subcoleoptrata, H. helluo ve E. lateralis (Zwolfer,
1942; Simgek ve ark., 1994; Islamoglu, 2003; Colak,
2004; Kececi ve ark. 2007; Giin, 2010), Marmara
Bolgesi'nde E. oblonga, H. helluo, P. subcoleoptrata ve
E. lateralis (Onciier ve Kivan, 1995; Kivan, 1996;
Cetin ve Hantas, 2011), I¢ Anadolu Boélgesinde
E.lateralis, Gymnosoma desertorum (Rohdendorf,
1947) P. subcoleoptrata, E. oblonga ve H. helluo
(Brown, 1962; Memigoglu ve Ozer, 1994; Atay and
Kara, 2014) ve Karadeniz Bolgesi'nde (Tokat) G.
desertorum (Atay and Kara, 2014) tiirlerinin
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Bu c¢alisma, 2015-2016 yillarinda Agri, Erzurum,
Igdir, Kars ve Van illerinde hububat ekilig
alanlarinda yuritilmiis ve slne ergin parazitoit
turleri, parazitoit turlerinin populasyon igerisinde

dagilim1 ve parazitlenme oranlarini belirlemek
amaciyla ele alinmigtir.
MATERYAL ve METOD
Calisma 2015-2016 yillarinda nisan-agustos

aylarinda Igdir (Aralik, Merkez, Karakoyunlu ve
Tuzluca ilcelerine bagli 57 koy), Agr1 (Dogubayazit,
Diyadin, Elegkirt, Hamur, Merkez, Taslicay, Tutak ve
Patnos ilcelerine baglh 29 Kéy), Erzurum (Horasan,
Kopriukoy, Pasinler ve Yakutiye ilgelerine bagh 9
koy), Kars (Arpacay, Digor, Kagizman, Merkez,
Sarikamis, Selim ve Susuz ilcelerine bagh 26 koy) ve
Van (Bagkale, Caldiran, Edremit, Ercig, Ipekyolu,
Muradiye, Ozalp, Saray ve Tugba ilcelerine bagh 27
koy) ’de toplam 32 ilcede ve 148 tarlada yapilmistir.
Ornekleme her tarlamin 10 farkli yerinde 10’ar
(toplam 100 atrap) atrap siipiirme yoluyla
yapilmistir. Her lokasyonda toplanan kiglamis ergin
stineler, laboratuvarda ayri1 ayri plastik kaplarda
25°C + 1 sicaklik ve %65 + 5 nem ortaminda kiiltiire
alinmigtir (Sekil 1a). Ergin siinelere besin olarak taze
bugday bitkisi verilmig ve bitkiler 2-3 giinde bir
degistirilmistir. Stunelerden elde edilen parazitoitler
6ldiikten sonra ignelenip etiketlenmistir (Sekil 1b).
Ayrica, elde edilen ergin parazitoit tiirlerin siine
poptilasyonu igerisindeki dagilimi ve parazitlenme
oranlari (%) hesaplanmigtir. Stne ergin
parazitoitlerin teshisi, Gaziosmanpagsa Universitesi
Ziraat Fakiiltesi, Bitki Koruma Boélimii Ogretim
Uyesi Dog. Dr. Turgut ATAY tarafindan yapilmigtir.

BULGULAR ve TARTISMA

Igdir Ili ve Cevresinde Hububat Alanlarinda Bulunan
Parazitoit Turleri ve Popiilasyon Icerisindeki Yiizde
(%) Dagihimlar

Calismanin yurutuldigi 2015-2016 Agri, Erzurum,
Igdir, Kars ve Van illerinde siine ergin parazitoiti
olarak, Tachinidae (Diptera) familyasina ait Elomya
lateralis (Meigen, 1824) (Sekil 2a), Phasia
subcoleoptrata (Linnaeus, 1767) (Sekil 2b) ve
Ectophasia oblonga (Robineau-Desvoidy, 1830) (Sekil
2¢) tiirleri belirlenmistir. Agr1 ve Van illerinde E.
lateralis ve P. subcoleoptrata, Erzurum ilinde P.
subcoleoptrata, Igdir 1ilinde E. lateralis, P.
subcoleoptrata ve E. oblonga, Kars ilinde E. oblonga
tiirlerinin bulundugu belirlenmistir (Cizelge 1).
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Sekil 1. Ergin siinelerin laboratuvarda kiiltiire alinmasi (a) ve parazitoitler 6ldiikten sonra ignelex
Figure 1. Laboratory culture of adult Sunn pests (a) and pinning and labeling after parasitoids have died (b)

Sekil 2. Ergin parazitoitler tiirleri; Elomya lateralis Q@ (a), Phasia subcoleoptrata Q (b), EZ’topasLa oblonga 2(c)
Figure 2. Types of adult parasitoids; Elomya lateralis ¢ (a), Phasia subcoleoptrata @ (b), Ectophasia oblonga $(c)

Cizelge 1. Igdir ili ve ¢evresinde hububat alanlarinda bulunan parazitoit tiirleri ve sayisi
Table 1. Parasitoid species and number found in cereal fields in and around Igdir province

Yil 1 Tice Yer Tahil Ergin Parazitoiti tiirii Sayis1
Agabey Bugday Fctophasia oblonga 2
Uckaya Bugday Flomya lateralis 1
Igdir Tuzluca Egrekdere Bugday E. lateralis 2
Egrekdere Bugday E. oblonga 1
Karabulak Arpa Phasia subcoleoptrata 1
2015 Yolugtizel Arpa FE. lateralis 5
Agn Merkez Yoncali Bugday FE. lateralis 1
Derekoy Arpa FE. lateralis 1
Tutak Merkez Y.Ot P. subcoleoptrata 1
Uckaya Bugday E. oblonga 2
Uckaya Bugday FE. lateralis 1
Kictikova Bugday FE. oblonga 1
Igdir Tuzluca Kictikova Bugday P. subcoleoptrata 1
Egrekdere Arpa FE. oblonga 1
Egrekdere Arpa P. subcoleoptrata 1
Merkez Bugday FE. lateralis 1
Merkez Bugday P. subcoleoptrata 1
2016 Buruksu Bugday E. oblonga 1
Ergozi Arpa FE. lateralis 2
Eleskirt Uzunyaz1 Arpa FE. lateralis 1
Giivence Arpa FE. lateralis 1
Agn Merkez Yolugitizel Bugday FE. lateralis 2
Tutak Merkez Arpa FE. lateralis 2
Merkez Arpa P. subcoleoptrata 1
Cakirbey Bugday P. subcoleoptrata 1
Merkez Irgat Bugday P. subcoleoptrata 2
Van Givengli Bugday FE. lateralis 3
Muradiye Unseli Bugday FE. lateralis 2
Kars Kagizman Denizgola Bugday FE. oblonga 1
Erzurum Yakutiye Ciftlikkoy Arpa P. subcoleoptrata 1
Toplam 44
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Agr1, Erzurum, Igdir, Kars ve Van illerinde 2015-
2016 yillarinda hububat ekilis alanlarinda toplanan
kiglamig ergin siinelerden elde edilen toplam 46 adet
parazitoit pupasindan %95.65’lik bir ergin cikigiyla 44
adet ergin parazitoiti elde edilmistir. Elde edilen
parazitoitlerden E. lateralis Agr1 (15 adet), Igdir (5
adet) ve Van (5 adet), P. subcoleoptrata Igdir (4 adet),
Agr (2 adet), Van (3 adet) ve Erzurum (1 adet) ve E.
oblonga Igdir (8 adet) ve Kars (1 adet), parazitoitlerin
251 K. lateralis, 10u P. subcoleoptrata ve 9u FE.
oblonga oldugu belirlenmistir (Cizelge 1).

Parazitoit popiilasyonu icerisindeki tiirlerin dagilima,
%57 oraniyla K. lateralis, %23 oraniyla P.
subcoleoptrata ve %20 oramiyla FE. oblonganin oldugu
saptanmigtir. Tirkiye’de yapilan c¢alismalarda
Giineydogu Anadolu Bolgesinde hakim ve yaygin
tirin H. helluo oldugu bunlar1 P. subcoleoptrata, E.
oblonga ve E. lateralisin izledigi (Géziiacik ve ark.,
2010 ), Akdeniz Boélgesinde, H. helluo ve P.
subcoleoptrata tirlerini bolgede yaygin tir olduklari
(Simsek ve ark.,1994), Marmara Bélgesinde 1994
yilinda H.  helluo, 1995 yilinda 1ise P.
subcoleoptratanin yaygin tiir oldugunu ¥. oblonga ve
E. lateralis izledigi belirlenmistir (Kivan, 1996), I¢
Anadolu Bolgesinde hakim tiurin %43.75 ile P.
subcoleoptrata, %25 ile H. helluo, %18.75 ile FE.
oblonga ve %12.5 ile E. lateralis 1izledigi
belirlemislerdir (Memigoglu ve Ozer, 1994). Yapilan
calismalarda goriuldugi gibi diger bolgelerde hakim

tir olan H. helluo bu calismanin yapildig1 illerde
rastlanmamigtir. Diger bdlgelerde ¢ok az olarak
bulunan £. lateralisin ise Agr1 ve Van illerinde
hakim tiur oldugu, E. oblongamin Igdir ve Kars
illerinde hakim tir oldugu ve P. subcoleoptrata ise
Erzurum’da hakim tir oldugu tespit edilmistir. Siine
turu olarak Furygaster integricepsin baskin oldugu
Agr1 ve Van illerinde E. lateralis ve E. mauramnin
baskin tir oldugu Igdir ve Kars illerinde ise Z.
oblonga hakim tir olarak tespit edilmistir. Tespit
edilen tiirler iller i¢in yeni kayit niteligindedir.

Igdir Ili ve Cevresinde Hububat Alanlarindaki
Kislamig Ergin Siinelerin Parazitlenme Oranlar:

Agri, Erzurum, Igdir, Kars ve Van illerindeki
hububat alanlarinda 2015-2016 yilinda Agri ilinde
toplam 206 adet (1449-623) birey, Erzurum ilinde
toplam 40 adet (34Q-63 birey), Igdir ilinde toplam
1.432 adet (1.0779-3553 birey), Kars ilinde 145 adet
(75Q-708 birey), Van ilinde toplam 250 adet (1609-
903 birey) kislamis ergin siine toplanmistir. Toplam
parazitlenme oranlar1 2015-2016 yillarinda Agn
ilinde %8.73, Igdirda %1.2, Van’da %3.6 olarak
belirlenmigtir. Parazitoitler 2015 yilinda bulunmayip
2016 yillinda bulunan Erzurum ve Kars illerinde
%2.5 ve %0.68 oranlarinda belirlenmistir. En yuksek
parazitlenme 2015-2016 yillarinda Agri’da elde
edilmistir (Cizelge 2).

Cizelge 2. Agri, Erzurum, Igdir, Kars ve Van illeri hububat alanlarinda 2015-2016 yillarinda toplanan kiglamisg
sline sayisi, parazitlenme orani, elde edilen parazitoit tiirii ve sayisi
Table 2. Number of overwintered Sunn pests collected in the grain fields of Agri, Erzurum, Igdir, Kars and Van
Provinces in 2015-2016, parasitizatian rate, parasitoid species and number obtained

11 Toplam Ergin Parazitli Parazitoit Tiirii Parazitleme Oranmi Genel
Siine Sayis1 Siine Sayisi %, Parazitleme
(adet) (adet) Oran (%)
E. lateralis 7.27 373
Agn 206 18 P. subcoleoptrata 0.97 )
Erzurum 40 1 P. subcoleoptrata 2.50 2.50
FE. oblonga 0.60
Igdir 1.432 17 FE. lateralis 0.30 1.20
P. subcoleoptrata 0.30
Kars 145 1 E. oblonga 0.70 0.70
E. lateralis 2.00
Van 250 9 P. subcoleoptrata 1.20 3.60

Cizelge 2’de goriuldigi tizere 2015-2016 yillarinda
Agnr1 ilinde 206 kiglamis ergin slineden 18 tachinid
birey elde edilmis %8.73’lik bir oran ile diger illere
gore en yluksek parazitlenme oldugu goralmiustir.
Van ilinde 250 adet kiglamig ergin stineden 9 tachinid
birey elde edilmis ve parazitlenme oraninin %3.6
oldugu belirlenmistir. Erzurum ilinde 40 adet
kiglamig ergin siineden 1 tachinid birey elde edilmig
ve %2.5 parazitlenme oldugu saptanmigtir. Igdir

ilinde 1.432 adet kiglamis ergin stiineden 17 tachinid
birey ve %1.2 parazitlenme orani tespit edilmigtir.
Kars ilinde 145 adet kiglamig ergin siinede 1 tachinid
birey elde edilmis ve parazitlenme oraninin %0.7
oldugu goérilmustir. Farklhi yillarda ve yerlerde
yapilan c¢alismalarda benzer parazitlenme oranlari
elde edilmistir. Géziiacik ve ark. (2010)' 1 2005-2006
yillarinda Glineydogu Anadolu Bélgesi'nde yaptiklari
calismalarda, hububat tarlalarinda parazitlenme
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oranlarinin  swrasiyla  Diyarbakirda  %6.4-5.7,
Adiyaman’da %9.4-15.0, Siirt’te %12.6-7.8, Batman’da
%5.0-5.4, Mardin’de %9.3-11.2, Sirnak ilinde %2.1 ve
Sanliurfa’da %12.2-7.3 olarak saptanmiglardir.
Duman (2015) Diyarbakir ve Sanlhurfa illerinde
yapmis oldugu calismada hububat alanlarinda 2013
yilinda %15.9-20.2; 2014 yilinda %14.6-20.00 olarak
belirlemistir, Simsek ve ark. (1994), yapmis olduklar:
calismada Adana’da %11.25, Gaziantep% 1.08,
Hatay’da %1.55 Antalya’da %3.28 ve
Kahramanmarag'ta %10.3 parazitlenme orani elde
etmiglerdir, Islamoglu ve Kornosor (2003), ortalama
parazitlenme oranlarinin Gaziantep’'te, 2001 yilinda
%9.25; 2002 yilinda %11.0, Kilis’'de 2001 yilinda
%16.5; 2002 yilinda %19.0 olarak belirlemiglerdir.
Kivan (1996), Tekirdag’da hububat alanlarinda
parazitlenme oranlarinin  1994-1995 yillarinda
sirasiyla %7.70 ve 4.58 oldugunu, Memisoglu ve Ozer
(1994)de Ankara’da E. maurada parazitlenmenin
1981, 1982, 1983 ve 1984 yillarinda sirasiyla %3.35,
% 2.88, %0.83 ve %1.67 oranlarinda oldugunu
bildirmiglerdir. Maafi, (1991)nin Iran’da yaptig
calismalarda, stne erginlerinin  parazitlenme
oranlarinin 1989 yilinda Saeid Abad’da %52.89,
Fashand’da %66.92; 1990 yilinda ise Saeid Abad’da
%64.72; Fashand’da %62.59 oldugu tespit edilmistir.
Yunanistanin Boeotia (Voitia) ve Atina bélgelerinde
yapilan c¢alismada 1se, %18.0-563.0 arasinda
parazitlenmenin oldugunu bildirilmistir (Stavraki,
1977).

Parazitoitlerin sline Uzerindeki baskisini arttiracak
onlemlerin alinmasi1 gerekmektedir. Kiglakta ve
hububat alanlarinin kenarlarinda yabanci otlar,
calihk alanlar korunmali ve hedef dis1 alanlar
kesinlikle ilaclanmamalidir. Parazitoitler i¢in besin
kaynagi olarak tespit edilen bitkilerin korunmasi
gerekmektedir. Stine yumurta parazitoitleri
Trissolcus spp’lerin yani sira Tachinidae’lerin de
korunmasi stine ile dogal biyolojik miicadelede énemli
katkilar saglanabilecektir.
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OZET Entomoloji
Bu c¢alisma, t¢ yerel Beauveria bassiana izolatinin spor etkinlik
stirelerinin belirlenmesi amaciyla, yaygin olan depolanmig urin Aragtirma Makalesi

zararhlarindan Sitophilus oryzae L. (Coleoptera: Curculionidae)

Rhyzopertha dominica F. (Col.: Bostrichidae) ve Oryzaephilus Makale Tarihgesi
surinamensis L. (Col.: Silvanidae) erginlerine karsi uygulanarak Gelig Tarithi  :03.11.2021
yurutilmustur. Biyolojik testler i¢in bugday danelerine 1000 ppm Kabul Tarihi :24.12.2021
(w/w) konsantrasyonunda B. bassiana sporu karistirilmis ve 1, 15 ve

28 giin sonra 20’ser ergin salimi yapilmistir. Sitophilus oryzae ile Anahtar Kelimeler
yurutilen testlerde 3 izolat i¢in genel olarak; 7. ve 14. glin 6lum Biyolojik miicadele

orani baglangicta %33.3-41.6 ve %68.3-76.6 olup 28 giin sonraki Mikrobiyal miicadele
salimlarda %6.6-18.3 ve %13.3-21.6'ya diusmustiur. Rhyzopertha Entomopatojen fungus
dominica baglangi¢ 6lim oranlar1 7. ve 14. gliin i¢in %46.6-50.0 ve Beauveria bassiana
%93.3-95.0°dir ve 28 giin sonraki salimlar sonucunda %10.0-18.3 ve Depolanmig tirtin zararlilar
%16.6-28.3 olmustur. Oryzaephilus surinamensis baglangi¢ 6limleri

ise 7. ve 14. gin i¢in %41.6-46.6 ve %70.0-85.0’den 28 giin sonraki

salimda %8.3-15.0 ve %13.3-20.0’a diismiistur. Bugdayda sporlarin

bekleme suresi uzadike¢a, tim fungus izolatlar: ve bocek tiurleri i¢in

her inkiibasyon siireci sonrasinda 6lum oranlari 6nemli derecede

diismustir. Inkibasyon siireclerinin tiimiinde tiim izolatlar icin

benzer olum oranlari belirlenmis ve etkinlik kayiplarinin benzer

oldugu gozlenmigstir. Tum sonuclar B. bassiana izolatlarinda zamana

baghh aktivite kaybindan sorumlu faktorlerin belirlenmesi ve bu

veriler dogrultusunda 6nlem alinmasi gerektigini géstermektedir.

Persistence of Beauveria bassiana Efficacy on Wheat Grains to Protect Stored-Grains from Post-
Treatment Pest Infestations

ABSTRACT Entomology
This study was carried out to determine the post-treatment efficacy )
of three local Beauveria bassiana isolates by applying them against Research Article

adults of three common stored-product pests, Sitophilus oryzae L. Article Hi
(Coleoptera: Curculionidae) Rhyzopertha dominica F. (Col.: ticle History

Bostrichidae) and Oryzaephilus surinamensis L. (Col.: Silvanidae). iecelvei giggogi
For the biological tests, wheat grains were mixed with fungal spores ieote +24.12.20
at 1000 ppm (w/w) concentration then 20 adults were released 1, 15 Keywords

and 28 days after the treatments. For the tests carried out with S.
oryzae, the mortality rate was initially 33.3-41.6% and 68.3-76.6%;
and declined to 6.6-18.3% and 13.3-21.6% on the 7t and 14t day,
respectively, when released 28 days later. The initial mortality of A.
dominica was 46.6-50.0 % and 93.3-95%; and became 10-18.3% and
16.6-28.3% when released 28 days later. Oryzaephilus surinamensis
mortality on the 7t and 14th day was initially 41.6-46.6% and 70.0-
85.0%, and decreased to 8.3-15% and 13.3-20.0%, respectively, when
released 28 days later. Mortality rates at the end of each incubation
period, for all testing isolates and insect species, were significantly
reduced when waiting time of spores on wheat was prolonged. For all
incubation periods, similar mortality rates were obtained from all

Biological control
Microbial control
Entomopathogenic fungi
Beauveria bassiana
Stored-product pests
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isolates and similar efficiacy loss was observed. All the results
together indicate that the responsible factors for time-dependent loss
of activity in B. bassiana isolates should be determined, and in line

with these data, precautions need to be taken.
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INTRODUCTION stored-product pest insects and improving their

Cereals are among the most important food sources.
Grain production in Turkey was 37.187.508 tons in
2020 (Anonymous, 2021). The climatic conditions and
inproper storage facilities in Turkiye often create
favorable environments for the development of insect
pests.  Stored-cereals are commonly exposed to
stored-product insect pests. These pests are
responsible for qualitative and quantitative loss due
to feeding activities reducing weight, nutrient content
and germination as seeds while contaminating cereals
due to their existance and waste accumulation,
consequently decreasing market value of the
commodity (Sewify et al., 2014). Among pests of
stored-cereals, the rice weevil, Sitophilus oryzae (L.)
(Coleoptera: Curculionidae), saw toothed grain beetle,
Oryzaephilus  surinamensis  (L.) (Coleoptera:
Silvanidae) and the lesser grain borer, Rhyzopertha
dominica (Coleoptera: Bostrychidae) are considered
notorious species worldwide (Kaur et al., 2014).
Damage increases rapidly when several generations
develop during the storage period. There are some
insecticides registered for use against these pests.
However, as a result of excessive pesticides usage,

significant problems arise including insecticide
resistance, hazards to human, livestock and
environment.  Scientists have been  seeking

alternative pest management strategies for stored-
product pests to avoid such adverse effects of
insecticides. Entomopathogenic fungi can control
stored-grain insect pests effectively according to
Batta (2016). Around the World, fungal isolates have
been tested against various stored-product pest
species both under controlled conditions and in field
experiments. High mortality rates from applications
were reported by several authors who tested B.
bassiana on various insects (Heviefo et al. 2020).
Batta (2003) mentioned that different fungal isolates
of the same species can vary in infectivity to a given
host species. Wakil et al. (2020) suggested that a
mixture of biological control agents and natural or
chemical substances exhibiting insecticidal properties
has a potential to provide high protection of stored-
cereals for short or long storage periods. Batta and
Kavallieratos (2018) as a result of their work
emphasized that obtaining new and effective isolates
of entomopathogenic fungi for biological control of
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formulations are important requirements for success.
Another area requiring more studies is their post-
application status. This study was carried out to
determine the post-treatment efficacy of three local B.
bassiana isolates against three coleopteran pests (Z.
dominica, S. oryzae and O. surinamensis) of stored
grains.

MATERIAL and METHODS
Insect cultures

Insect cultures were maintained in the laboratory,
Department of Plant protection at University of
Kahramanmaras  Siit¢ii  Imam. Oryzaephilus
surinamensis cultures were maint