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OZET

Lamiaceae familyas1 birgok cins ve tiirti iginde barindiran genis bir
familyadir. Bu c¢alismada, familyadaki tiirlerden olan Stachys
lavandulifolia, Salvia verticillata, Phlomis herba venti sp. pungens
ve Phlomis sieheana bitkilerinin GC/MS yo6ntemi kullanilarak yag
asidi icerikleri tayin edilmigtir. Buna gore tekli doymamis yag asidi
oraninin %18-%34 ve ¢oklu doymamis yag asidi oraninin ise %24-
%49 arasinda degistigi tespit edilmistir. Ayrica her bir bitki igin
bulunmus olan major doymus yag asitleri trikozanoik asit ve
lignoserik asit olarak bulunmusken, majér doymamas yag asitleri ise
nervonik asit, eitkodadienoik asit ve dokozadienoik asit olarak tespit
edilmigtir. Yaglar, basta yuksek bir enerji kaynag:r olmak iizere,
saghk tuzerinde bircok faydali etkiye sahiptir. Yiksek miktarda
doymamis yag asidi igerigi sayesinde, bitkilerin saghk uzerinde
pozitif etkisi oldugu desteklenmektedir. Elde edilen sonuglar, bu
bitkilerle yapilacak her bir ¢calismaya 1s1k tutacaktir.

Fatty Acids Compositions of Some Lamiaceae Plants

ABSTRACT

The Lamiaceae family is a large family that includes many genera
and species. In this study fatty acid compositions of the plants
Stachys lavandulifolia, Salvia verticillata, Phlomis herba venti sp.
pungens and Phlomis sieheana were determined by using GC/MS
method. Accordingly, it was determined that the ratio of
monounsaturated fatty acids varied between 18-34% and the ratio of
polyunsaturated fatty acids between 24-49%. Besides, the major
saturated fatty acids found for each plant were tricosanoic acid and
lignoceric acid, while the major unsaturated fatty acids were
determined as nervonic acid, eicodadienoic acid and docosadienoic
acid. Fats have many beneficial effects on health, especially as a high
energy source. Thanks to its high content of unsaturated fatty acids,
it is supported that plants have a positive effect on health. The
results obtained will shed light on each study to be made with these
plants.
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GIRIS icerdigi ugucu yagdan dolayr antibiyotik olarak

Lamiaceae (Labiatae) familyas1 250 cins ve 6500 adet
tir iceren ¢ok genis bir familyadir. Familya ¢ogu tibbi
ve aromatik ozellikte olan adacay:r (Salvia sp.), kekik
(Thymus sp.), nane (Mentha sp.), mercankosk
(Majorana sp.), biberiye (Rosmarinus sp.), lavanta
(Lavandula sp.), reyhan (Ocimum sp.) gibi pek ¢ok
bitkiyi kapsamaktadir. Angiospermlerin 6. buyiik
familyas1 olan Lamiaceae familyasinin uyeleri,

(Salvia, Lavandula, Rosmarinus, Mentha, Marrubium
ve Pogostemon) ve baharat olarak (Salvia, Origanum,
Thymus, Ocimum, Satureja) kullamldiklar1 gibi
farmakoloji ve kozmetik sanayiinde de yer aldiklari
icin ekonomik ve tibbi bir éneme sahiptir (Davis ve
Kit, 1988; Se¢men ve ark. 1989; Baytop, 1991).
Bunlardan calba adi ile bilinen Phlomis cinsi, Asya,
Avrupa ve Afrika’da dagilim gésteren birgok tiirden
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olusur. Tirkiye’de ise 30 tanesi endemik olmak lizere
toplam 46 tirii yetismektedir (Davis, 1982; Li ve
ark.,1994). Daha o6nce yapilmis olan calismalarda
farkli Phlomis tirlerinde iridoitler, flavonoitler,
fenilpropanlar, lignanlar, neolignanlar,
diterpenoitler, alkaloitler ve ugucu yaglar gibi bir¢ok
madde icerdikleri tespit edilmistir (Kamel ve ark.,
2000; Kyriacopoulo ve ark., 2001; Saracoglu ve ark.,
2003; Kirmizibekmez ve ark., 2004). Diger Phlomis
tirleri tizerinde yapilmig olan ¢aligmalarda, bu tiiriin
antioksidan aktiviteye sahip oldugu gosterilmigtir
(Dellai ve ark., 2009; Keser ve ark., 2012). Halk
arasinda silvanok adi ile bilinen Phlomis herba venti
sp. pungens bitkisinin sinonim ismi Phlomis pungens
var. pungens olarak bilinmektedir.

Bir diger bitki turinin igerisinde yer aldigir adagayi
olarak bilinen Salvia cinsi ise, Tirkiye’de 58 tanesi
endemik olmak tizere 99 tirden olusmaktadir. Salvia
verticillata subsp. verticillata bitkisi, halk arasinda
dadirak ismi ile bilinmektedir. Literatir ¢alismalar:
incelendiginde, bir diger Salvia verticillata alt turi
olan Salvia verticillata subsp. atnasica tira tzerinde
antioksidan aktivite ¢alismalar1 gerceklestirilmis ve
bunun yaninda total fenolik ve flavonoit igerikleri
tespit edilmistir (Sulniute ve ark., 2016; Zengin ve
ark., 2018). Ayrica yine sz konusu tiiriin ucucu yag
kompozisyonunun tayininin yapildigi ¢alismalar da
mevcuttur (Rajabi ve ark., 2014; Forouzin ve ark.,
2015). 2012 yihnda Iran’dan toplanmisg olan S.
verticillata ile yapilmig bir calismada ise, bitkinin etil
asetat ekstresinden izole edilmis olan krizoeriol
bilesiginin tlizerinde antioksidan aktivite testleri
uygulanmig ve hem ekstrede, hem de etken maddede
aktivitenin oldugu tespit edilmistir (Nickavar ve ark.,
2016). Bu tiirle yapilmigs bir baska calismada
giberellik asit uygulamalarinin bitkide ¢imlenmeyi
olumlu yonde etkiledigi belirtilmistir (Tursun, 2019).

Deligay adiyla bilinen Stachys cinsi ise, Turkiye’de 51
tanesi endemik olmak tlizere 89 tur olarak yayilim
gostermektedir. Sinonim isimlerl Zietenia orientalis,
Zietenia lavandulifolia ve Stachys tomentosa olan
Stachys Ilavandulifolia bitkisi tiyli cay adi ile
bilinmektedir. Stachys turleri ile yapilmig bir
calismada, bitki ekstrelerinin doza baglh
antibakteriyal etkilerinin oldugu, fakat antifungal
aktivite gostermedigi gorilmiistiir (Saeedi ve ark.,
2008). Yine bu tiirden yesil sentez yontemi ile elde
edilmis Iran’dan toplanmis olan S. Javandulifolia tiri
ile yapilmig bir c¢alismada, antiglikasyon ve
antioksidan aktiviteleri test edilmistir (Safari ve ark.,
2018). Bagka Stachys tiirleri ile yapilmis calismalar
da incelendiginde, fenolik bilesiklere sahip
olduklarini, ugucu yaglarinin bilesenlerinin tayin
edildigi ve antioksidan, sitotoksik ve antimikrobiyal
gibi birgok farmakolojik aktiviteye sahip olduklar:
goriilmiistiir (Mohamed ve ark., 2018; Elfalleh ve
ark., 2019; Bahadori ve ark., 2019).

1200

Ayrica literatiir calismalar: igerisinde ar1 tiirlerinin
de s6z konusu Lamiaceae genusunda yer alan
bitkileri konak olarak sectigi goriilmektedir. Bombus
ar1 turleri tarafindan en ¢ok ziyaret edilen Lamiaceae
tiirleri icerisinde yer almaktadirlar (Aslan ve ark.,
2017).

Endemik tiirlerinin sayis1 olduk¢a fazla olan bu
cinsler, terapotik potansiyelleri olmasi nedeniyle
kiymetlidir. Bu cinsler icerisinde yer alan tlrlerin
yukarida bahsedildigi gibi, tedavide bir¢ok terapotik
etkilerinden dolay1 kullanildig1 bilinmektedir.

Yiiksek miktarda tayin edilecek doymamig yag asidi
miktari, bitkilerin saglik ac¢isindan daha giivenilir
oldugunu kanitlayacak nitelikte olacaktir. Bu sebeple
bu ¢alismada kullanilan 4 ayr1 Lamiaceae tiirtiiniin
yag asidi igerikleri tayin edilerek, bundan sonra bu
turlerle yapilmasi olasi her bir ¢alismaya 1s1k tutmas
hedeflenmektedir.

MATERYAL ve METOD
Bitkisel Materyal

Calismada kullanilan Stachys lavandulifolia, Salvia
verticillata, Phlomis herba venti sp. pungens ve
Phlomis sieheana bitkileri Haziran 2019da Elazig
Harput’dan toplanmis olup, teshisleri Do¢. Dr. Ugur
Cakilcioglu  (Munzur Universitesi, Pertek Sakine
Gen¢ MYO) tarafindan yapilmistir. Cok yillhik bu
bitkiler ile 1ilgili botanik bilgiler Cizelge 1’de
verilmistir (Tiibives).

Droglar acik havada golgede kurutulduktan sonra
degirmende toz edilmistir. Toplanan ve uygun
kosullarda kurutulmus olan bitkiler, Ege Universitesi

Eczacihik Fakiltesi Farmakognozi Anabilim dal
herbaryumunda saklanmaktadir. Bitkilerin
toprakiistii kisimlar, caligilacak droglar
olusturmustur.

Gaz kromatografisi yéntemi ile yag asitleri tayini

40 g toz edilmis her bir drog, petrol eteri ile Soxhlet
apereyinde 60 °C de 24 saat siireyle ekstre edilmistir.
Stre sonunda c¢oziici algcak baskida rotavaporda
uzaklagtirilmig, bu sekilde her bir bitkinin petrol
eteri ekstresi hazirlanmistir (Yildirim ve ark., 2009).
Esterlestirmede elde edilen petrol eteri ekstresinden
0.2 gram silifli balona tartilmig ve 6nce %2’lik NaOH
¢ozeltisinden 4 ml eklenerek sabunlagmanin
gergeklesmesi i¢in  kaynatilmigtir. Sabunlagma
tamamlandiktan sonra 5 ml %14 BFs-metanol
kompleksi eklenerek kaynatma islemine devam
edilmigtir. Sonra tizerine 2 ml n-heptan eklenerek
kaynama sonunda 4 ml doymus NaCl ¢6zeltisinden
eklenmigtir. Karigimlarda faz ayrimi olusunca,
alttaki sulu kisim atildiktan sonra tustteki sar1 renkli
kisim viallere konmus ve analiz edilinceye kadar -20
C”de saklanmistir. Kromatografi analizi 3 paralel
seklinde yapilmistir.
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Cizelge 1. Calismada kullanilan bitkilere ait botanik bilgiler

Table 1. Botanical information on the plants used in the study

Bitki ada Ciceklenme  Habitat Yiikseklik  Endemik Dagilima

(Plant name) (Blooming) (Habitat) (Altitude)  (Endemic)  (Distribution)
Kalkerli volkanik - D. ve G. Anadolu

Stachys lavandulifolia  5-8 kaya yamaclari 1000-3660

Salvia verticillata 6-8 Koruluk, ¢ayirlar 0-2300 K. ve GD. Anadolu

Phlomis herba venti sp. Pinus ormanlan, D. Anadolu

pungens 6-8 bozkir, yamaglar 250-2400

Phlomis sieheana 5-7 Tagh yamaclar 870-2300 + 0. Anadolu

Gaz kromatografi analizleri HP (Hewlett Packard)
Agilent marka 6890 N model FID (Flame Ionization
Detector: Alev iyonlastirma dedektori) dedektérlii ve
otomatik  injektérlii  gaz  kromatografisi ile
gerceklestirilmistir. HP—88 kapiller kolon (100 m x
0.25 mm ID x 0.2 um) kullanilmis olup, injektér blogu
sicakligi 250°C, dedektor sicakligr ise 260°C olarak
ayarlanmigtir. Kolona sicaklik programi uygulanmis
olup, kolonun baglangic sicakhigi 120°C olarak
ayarlanmistir. Sonrasinda dakikada 4°C artarak
185°C‘ye ve sonra dakikada 1°C artarak 240°C ‘ye
ulagilmigtir. Bu sicaklhikta 5 dakika bekletilmigtir.
Gaz akisg hizlar sirasiyla hidrojenin 30 ml dk!, kuru
havanin 300 ml dk! ve tasiyic1 gaz olarak kullanilan
helyumun ise 1 ml dk? olarak ayarlanmistir.

Yag asidi  metil esterleri standartlarn ile
karsilagtirilarak sonuclar kaydedilmigtir.
Standartlarin bagil alikonma zamanlar1 (relative

retantion time) da cihazda aym kosullar kullanilarak
analizlenmigtir. Boylece standartlarin bagil alikonma
zamanlar1 referans alinarak, kromatogramlardaki
piklere karsilik gelen yag asitleri tespit edilmistir. 3
tekrarli yapilarak elde edilen kromatogramlardaki
piklerin yluzde alanlarinin aritmetik ortalamalari ve
standart sapmalar: hesaplanmastir.

BULGULAR ve TARTISMA

Stachys lavandulifolia, Salvia verticillata, Phlomis
herba venti sp. pungens ve Phlomis sieheana
bitkilerinden hazirlanmis olan petrol eteri ekstreleri
kullanilarak GC yontemi ile gerceklestirilmis olan
yag asidi tayini sonucunda elde edilen bulgular,
Cizelge 2’de verilmigtir.

Elde edilmig olan sonuglara gére majér doymus yag
asidi ve major doymamis yag asidi sirasiyla Phlomis
herba venti sp. pungens i¢in trikozanoik asit ve cis-

11,14-eikodadienoik asit; Phlomis sieheana igin
trikozanoik asit ve nervonik asit; Stachys
lavandulifolia i¢in lignoserik asit ve cis-13,16-

dokozadienoik; Salvia verticillata i¢in ise palmitik
asit ve nervonik asit olarak tespit edilmigtir.

SONUC ve ONERILER

Calismada kullanmilan bitkilerin yag asidi bilesimi
belirlenerek, ayr1 ayr1 bilegenler analiz edilmistir. Bu
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analiz sonucunda 4 bitki igin genel olarak major
doymus yag asitleri, trikozanoik asit ve lignoserik
asit olarak; major doymamis yag asitleri ise cis-11,14-
eikodadienoik asit, cis-13,16-dokozadienoik asit ve
nervonik asit olarak bulunmustur.

Doymus yag asitleri karbonhidrat metabolizmasi ile
olusan molekiillerden sentezlenerek tiiketimi olmasa
dahi insan viicudunda sentez edilebilirler. Doymamisg
yag asitleri bulundurduklar1 cift baglar sayesinde,
doymus yag asitlerine gore daha reaktiftir. Ki bu
reaktiflik, yag asidi zincirinde bulunan c¢ift bagin
sayisiyla  dogru orantilh  olarak  artmaktadir.
Doymamis yag asitleri, dokularin saglikli bir geligim
stirdirmesi, organlarin dengeli calismasinin yani
sira, vicudun biyokimyasal ve fizyolojik aktiviteleri
uzerinde de yapici ve onarici gorevler Ustlenmektedir
(Gogus ve Smith, 2010). Bu yag asitlerinin kalp

damar hastaliklari, depresyon, migren, eklem
romatizmalari, seker hastaligi, ylksek kolesterol,
tansiyon, alerji ve kanser gibi birgok hastaligi

onlemede anahtar rol oynadigi da bilinmektedir

(Wassell ve ark., 2010).

Calismada yer alan bitkilerin yag asitleri bilesiminin
belirlenmesine dair literatir calismalar: incelenerek
major yag asitleri belirlenmistir (Sefidkon ve Khajavi,
1999; Morteza-Semnani ve ark., 2004; Pitarokili ve
ark., 2006; Khalilzadeh ve ark., 2008; Iscan ve ark.,
2012; Pirbalouti ve ark., 2012; Ozdemir ve ark., 2017).
Bitki igerik maddeleri bitkinin toplandig: yer, zaman,
bitkinin kullanilan kismi, ekstre hazirlanmasi igin
kullanilan solvan ve analiz kogullar1 gibi birgok
faktorden etkilenerek farklilik géstermektedir . Bu da
daha &nce yapilmigs c¢alismalarla birebir aymni
sonuclarin elde edilmesini mimkiin kilmamaktadar.

Buna gore doymamais yag asit miktar1 oldukga yiiksek
olarak bulunmus olan Stachys lavandulifolia, Salvia
verticillata, Phlomis herba venti sp. pungens ve
Phlomis sieheana bitkilerinin 6nemi asikardir. Daha
once bu bitkilerin yag asidi kompozisyonlarinin
belirlenerek  kargilastirilmali  olarak sunuldugu
herhangi bir calismaya literatiirde rastlanmamasi da,
bu calismanin 6nemini arttirmaktadir. Ileride bu
bitkilerle yapilmasi olasi her bir ¢alisma i¢in,
bulunmus olan bu veriler 1s1k tutacaktir.
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Cizelge 2. Bitkilerin yag asidi bilesimi

Table 2. Fatty acid compositions of the plants

Yag asitleri (Fatty acids) PP PS SL SV

6:0 Kaproik asit 0.415+0.02 0.0833+0.01 0.204+0.03 0.832+0.02
8:0 Kaprilik asit 0.677+0.03 0.785+0.02 0.148+0.03 2.33+0.03
10:0 Kaprik asit 0.373+0.02 0.274+0.04 0.2+0.01 1.053+0.02
11:0 Undekanoik asit 0.755+0.02 0.427+0.03 7.963+0.02 0.31+0.01
12:0 Laurik asit 0.268+0.03 0.310+0.02 0.673+0.02 0.28+0.02
13:0 Tridekanoik asit 0.323+0.04 0.275+0.01 0.229+0.02 0.268+0.02
14:0 Miristik asit 1.49+0.01 0.657+0.02 0 1.252+0.04
14:1 Miristoleik asit 0 0 0 0.089+0.03
15:0 Pentadekanoik asit 0.347+0.02 1.007+0.03 1.067+0.03 0.482+0.04
15:1 Cis-10-pentadekanoik asit 1.167+0.03 0 0.179+0.02 0.885+0.02
16:0 Palmitik asit 6.347+0.02 3.918+0.04 1.834+0.01 10.83+0.02
16:1 Palmitoleik asit 0 0.385+0.02 0 3.157+0.01
17:0 Heptadekanoik asit 2.5+0.03 3.25+0.04 1.145+0.02 1.443+0.02
17:1 Cis-10-heptadekanoik asit 0 0 0 0.063+0.01
18:0 Stearik asit 0.837+0.04 1.345+0.02 1.133+0.03 2.948+0.02
18:1 Oleik asit 1.468+0.02 0.877+0.03 0.8244+0.04 4.349+0.03
18:1 trans Elaidik asit 0.714+0.03 0.558+0.02 0.248+0.02 0.253+0.01
18:2 cis Linoleik asit 7.98+0.01 5.68+0.01 2.037+£0.02 5.123+0.04
18:2 trans Linolelaidik asit 0 0 0.118+0.01 5.837+0.03
18:3n3 Linolenik asit 1.043+0.02 1.845+0.03 0.328+0.02 4.967+0.02
18:3n6 T-linoleik asit 0.956+0.02 0.88+0.02 0.36+0.01 0.93+0.02
20:0 Arasidik asit 1.36+0.03* 1.095+0.01 0.26+0.02 0.427+0.03
20:1 Cis-11-eikozenoik asit 4.967+0.04 1.864:+0.02 1.267+0.04 3.66+0.04
20:2 Cis-11,14-eikodadienoik asit 25.37+0.02 12.976+0.04 8.179+0.02 0.707+0.03
20:3n3 Cis-11,14,17-eikozatrienoik 0 0 0.44+0.02 2.23+0.03
20:3n6 Eikozatrienoik 0.87+0.02 1.322+0.03 1.34+0.03 1.1+0.02
20:4 Arasidonik asit 0,83+0.03 0 2,5+0.03 0.417+0.02
20:5 Eikozapentaenoik asit 0.76+0.01 1.376+0.02 3.05+0.02 2.913+0.02
21:0 Heneikozanoik asit 0.233+0.04 0.307+0.02 0.446+0.03 7.963+0.04
22:0 Behenik asit 5.16+0.04 0.94+0.03 2.48+0.02 3.337+0.02
22:1 Erusik asit 0 0 0.18+0.01 0.543+0.03
22:2 Cis-13,16-dokozadienoik 1.1244+0.02 0 26.75+0.02 0

22:6 Dokosahekzaenoik asit 2.869+0.02 0.91+0.02 3.557+0.02 2.97+0.02
23:0 Trikozanoik asit 16.286+0.04 36.357+0.03 0.238+0.04 10.11+0.03
24:0 Butirik asit 0 0 0 0

24:0 Lignoserik asit 2.86+0.03 0.837+0.01 9.577+0.03 4.76+0.04
24:1 Nervonik asit 9.93+0.04 19.427+0.02 21.71+0.04 12.047+0.02
DYA 39.816 51.867 27.597 48.625
TDYA 18.246 23.111 33.985 25.046
CDYA 41.802 24.989 48.656 26.777
Total 100.3 99.9 100.7 100.9

*Standart sapma, DYA! Doymus yag asitleri, TDYA: Tekli doymamis yag asitleri, CDYA: Coklu doymamis yag asitleri, PP:
Phlomis herba venti sp. pungens, PS: Phlomis sieheona, SL: Stachys lavandulifolia, SV: Salvia verticillata.
TESEKKUR

Bu calisma Ege Universitesi Bilimsel Aragtirma
Projeleri kapsaminda TKB-2019-20575 kodu ile
desteklenmigtir. Yapilmig olan ¢aligmalarin bir kismi

Cikar Catigmasi Beyani

Makale yazarlar1 arasinda herhangi bir ¢ikar
catismasi s6z konusu degildir.

icin Ege Universitesi Matal'dan (Merkezi Arastirma KAYNAKILAR

Test ve Analiz Laboratuvar1 Uygulama ve Arastirma Aslan MM, Uciik C, Candan G 2017. Kahramanmaras

Merkezi) hizmet alim1 yapilmigtar. ili Bombus ar1 tiirleri ve bulunduklar1 bitki
oértiisiiniin belirlenmesi. KSU Doga Bil Derg 20(4):

Aragtirmacilarin Katk: Oram Beyan Ozeti 334-338.

Yazarlar makaleye esit oranda katki saglamiglardir.

1202



KSU Tarim ve Doga Derg 25 (6): 1199-1204, 2022
KSU J. Agric Nat 25 (6): 1199-1204, 2022

Arastirma Makalesi
Research Article

Bahadori MB, Kirkan B, Sarikurkcu C 2019. Phenolic
ingredients and therapeutic potential of Stachys
cretica subsp. smyrnaea for the management of
oxidative stress, Alzheimer's disease,
hyperglycemia, and melasma. Industrial Crops
and Products 127: 82-87.

Baytop A 1991. Turkiye’de Kullanilan Yabani ve
Yetigtirilmis Aromatik Bitkiler, Doga-Turkish
Journal of Pharmacy 1(2): 76-88.

Davis PH, Kit Tan MRD (eds) 1988. Flora of Turkey
and East Aegean Islands, 10, supplement
University Press, Edinburgh.

Davis, PH 1982. Flora of Turkey and East Aegean
Islands, University Press, Edinburg, Scotland 7.
Dellai A, Mansour HB, Limem I, Bouhlel I, Sghaier
MB, Boubaker J, Ghedira K, Chekir Ghedira L
2009. Screening of antimutagenicity via
antioxidant activity in different extracts from the
flowers of Phlomis crinita Cav. ssp mauritanica
munby from the center of Tunisia, Drug and

Chemical Toxicology 32:3: 283-292.

Elfalleh W, Kirkan B, Sarikurkcu C 2019.
Antioxidant potential and phenolic composition of
extracts from Stachys tmolea: An endemic plant
from Turkey. Industrial Crops and Products 127:
212-216.

Forouzin F, Jamei R, Heidari R 2015. Compositional
Analysis and Antioxidant Activity of Volatile
Components of Two Salvia spp. Tropical Journal of
Pharmaceutical Research 14(11): 2009-2013.

Gogus U, Smith C 2010. n-3 Omega fatty acids: a
review of current knowledge. Int. J Food Sci
Technol 45: 417-436.

Iscan G, Demirci B, Demirci F, Goger F, Kirimer N,
Kose YB, Baser KHC 2012. Antimicrobial and
Antioxidant Activities of Stachys lavandulifolia
subsp lavandulifolia Essential Oil and its Infusion.
Natural Product Communications 7(9): 1241-1244.

Kamel MS, Mohamed KM, Hassanean HA, Ohtani K,
Kasai R, Yamasaki K 2000. Iridoid and
megastigmane glycosides from Phlomis aurea.
Phytochemistry 55(4): 353-357.

Keser S, Turkoglu S, Celik S, Turkoglu I 2012.
Determination of Antioxidant Capacities of
Phlomis pungens Willd. var. hispida Hub.-Mor.
Asian Journal of Chemistry 24(6): 2780-2784.

Khalilzadeh MA, Tajbakhsh M, Rineh A 2008. Study
of the essential oils composition of leaves and
flowers of two subspecies Phlomis herba-venti
(Pungens and Lenkoranica) from Iran. Journal of
Essentil Oil Research 20(1): 46-48.

Kirmizibekmez H, Calis I, Perozzo R, Brun R,
Donmez AA, Linden A, Rueedi P, Tasdemir D
2004. Inhibiting activities of the secondary
metabolites of Phlomis brunneogaleata against
parasitic protozoa and plasmodial enoyl-ACP
reductase, a crucial enzyme in fatty acid
biosynthesis. Planta Med 70(8): 711-717.

1203

Kyriacopoulo I, Magiatis P, Skaltounis A, Aligiannis
N, Harvala C, Samioside R. Samioside 2001. A
new phenylethanoid glycoside with free radical
scavenging and antimicrobial activities from
Phlomis samia. J Nat Pro 64(8): 1095-1097.

Li XW., Hedge, IC. in eds.: Wu ZY., Raven PH 1994.
Phlomis, Flora of China, Science Press, China.

Mohamed TA, Elshamy AI, Hamed AR, Shams KA,
Hegazy MEF 2018. Cytotoxic neo-clerodane
diterpenes from Stachys aegyptiaca.
Phytochemistry Letters 28: 32-36.

Morteza-Semnani K, Azadbakht M, Goodarzi A 2004.
The essential oils composition of Phlomis herba-
venti L. leaves and flowers of Iranian origin.
Flavour and Fragrance Journal 19(1): 29-31.

Nickavar B, Rezaee J, Nickavar A 2016. Effect-
Directed Analysis for the Antioxidant Compound
in Salvia verticillata. Iran J Pharm Res 15(1):
241-246.

Ozdemir FA, Kilic O, Yildirimli S 2017. Essential Oil
Composition and Antimicrobial Activity of
Endemic Phlomis sieheana Rech. From Bingol
(Turkey). Journal of Essential Oil Bearing Plants
20(2): 516-523.

Pirbalouti AG, Malekpoor F, Mohammadi M, Yousefi
M 2012. Composition of the Essential Oil of
Stachys lavandulifolia from Central Zagros
Mountains. Acta Horticulturae 955: 101-104.

Rajabi Z, Ebrahimi M, Farajpour M, Mirza M,
Ramshini H 2014. Compositions and yield
variation of essential oils among and within nine
Salvia species from various areas of Iran.
Industrial Crops and Products 61: 233-239.

Saeedi M, Morteza-Semnani K, Mahdavi MR, Rahimi
F 2008. Antimicrobial Studies on Extracts of Four
Species of  Stachys. Indian dJournal of
Pharmaceutical Sciences 70(3): 403-429.

Safari MR, Azizi O, Heidary S, Kheiripour N, Ravan
AP 2018. Antiglycation and antioxidant activity of
four Iranian medical plant extracts. J
Pharmacopuncture 21(2): 82—89.

Saracoglu I, Varel M, Calis I 2003. Neolignan,
Flavonoid, Phenylethanoid and Iridoid Glycosides
from Phlomis integrifolia. Turk J Chem 27(6): 739-
748.

Se¢men O, Gemici Y, Leblebici E, Gork, G, Bekat L
1989. Tohumlu Bitkiler Sistematigi, Ege
Universitesi Fen Fakiiltesi Kitaplar Serisi, Ege
Universitesi Basimevi, Izmir 276.

Sefidkon F, Khajavi MS 1999. Chemical composition
of the essential oils of two Salvia species from
Iran: Salvia verticillata L. and Salvia santolinifolia
Boiss. Flavour and Fragrance Journal 14(2): 77-78.

Sulniute V, Ragazinskiené O, Rimantas Venskutonis
P 2016. Comprehensive evaluation of antioxidant
potential of 10 Salvia species using high pressure
methods for the isolation of lipophilic and
hydrophilic plant fractions. Plant Foods for



KSU Tarim ve Doga Derg 25 (6): 1199-1204, 2022 Arastirma Makalesi

KSU J. Agric Nat 25 (6): 1199-1204, 2022 Research Article
Human Nutrition 71: 64-71. Yildirim N, Sunar S, Agar G, Bozari S, Aksakal O

Tursun AO 2019. Salvia verticillata L. (Dadirak)’nin 2009. Biochemical and molecular characterization
tohum dormansisinin kirilmasinda  farkh of some Centaurea species growing in the Eastern
uygulamalarin etkileri. KSU Tarim ve Doga Derg Anatolia region of Turkey. Biochem Genetics 47:
22 (Ek Say1 1): 30-37. 850- 859.

Wassell P, Bonwick G, Smith CJ, AlmironRoig E, Zengin G, Llorent-Martinez EJ, Fernandez-de
Young NVG 2010. Towards a multidisciplinary Cordova ML, Bahadori MB, Mocan A, Locatelli M,
approach to structuring in reduced saturated fat- Aktumsek A 2018. Chemical composition and
based systems — a review. Int J Food Sci Technol biological activities of extracts from three Salvia
45: 642—-655. species: S. blepharochlaena, S. euphratica var.

letocalycina and S. verticillata subsp amasiaca.
Industrial Crops and Products 111: 11-21.

1204



KSU Tarim ve Doga Derg 25 (6): 1205-1215, 2022
KSU J. Agric Nat 25 (6): 1215-1215, 2022
httpsi//doi.org/10.18016/ksutarimdoga.vi. 976717

Abelmoschus esculentus (Bamya) Cigeginin Fitokimyasal Profili, Antioksidan, Antikolinerjik
ve Antibakteriyel Ozellikleri

Arzu KAVAZ YUKSEL!, Emrah DIKIiCI2, Mehmet YOKSEL#* , Mesut ISTK*

1Atatiirk Universitesi Teknik Bilimler Meslek Yiiksekokulu Gida 1sleme Bolimi, Erzurum, Tirkiye, 2Aksaray Universitesi, Bilim ve
Teknoloji Uygulama ve Aragtirma Merkezi, Aksaray, Tirkiye, 3Atatiirk Universitesi Ziraat Fakiiltesi Gida Mithendisligi Bsliimii, Erzurum,
Tiirkiye, Bilecik Seyh Edebali Universitesi, Mithendislik Fakiiltesi, Biyomiihendislik Béliimii, Bilecik, Tiirkiye
thttps://orcid.org/0000-0001-8292-9259, 2https://orcid.org/0000-0002-3086-8156, 3https://orcid.org/0000-0001-6566-1385
4httpsi//orcid.org/0000-0002-4677-8104

P4 mehmet.yuksel@atauni.edu.tr

OZET Biyokimya
Bu arastirmanin amaci, Abelmoschus esculentusa ait c¢icek
kistminlarinin etanolik ekstraktinin antioksidan ve antikolinerjik Aragtirma Makalesi

ozelliklerini, fenolik bilesik profilini ve antibakteriyel aktivitesini

aragtirmaktir. Fenolik bilesiklerin analizi LC-MS/MS ile Makale Tarihgesi
gerceklestirilmistir. Antioksidan kapasitesi (radikal giderme, metal Gelig Tarithi  : 30.07.2021
indirgeme giicii ve toplam antioksidan aktivite) DPPH, ABTS, Cu2+ Kabul Tarihi :26.11.2021
Cu* indirgeme (CUPRAC), Fe3+-Fe2* indirgeme ve ferrik tiyosiyanat

yontemleri ile degerlendirilmistir. Antibakteriyel aktivite, disk Anahtar Kelimeler

difiizyon ve MIC (Minimum inhibitér konsantrasyonu) yontemleri ile Abelmoschus esculentus
belirlenmistir. Antikolinerjik 6zellik ise, asetilkolinesterazin (AChE) Antioksidan
inhibisyonu ile tespit edilmistir. Bitki 6zlitiinde miktar bakimindan Fitokimyasal analiz

en fazla bulunan baglhica fenolik bilesigin asetohidroksamik asit Asetilkolinesteraz
oldugu belirlenmistir. Ayrica, sirasiyla kuarsetin, myrisetin, fumarik Antibakteriyel

asit, vanillik asit, ellagik asit, 4-hidroksibenzoik asit, salisilik asit,
kafeik asit, kemferol, biitein, protokatesik asit, katesin hidrat,
oleuropein ve diger bilesenler tespit edilmigtir. Bitkinin etanolik
ozutu, %29.41 DPPH radikal giderme aktivitesi gésterirken, %20.59
ABTS radikal giderme aktivitesine ve ayrica orta diizeyde metal
indirgeme potansiyeline sahiptir. Ayrica ekstrakt, 0.18 mg mL ICso
degeri ile AChE tizerinde bir inhibisyon etkisi gostermistir. Bitkinin
etanol 6zutl, Staphylococcus aureus, Escherichia coli ve Salmonella
Typhimurium tizerinde farkli diizeylerde antibakteriyel etki
gostermistir. Elde edilen sonuclar, A. esculentus cicek o6zutunin,
sahip oldugu antioksidan, antikolinerjik ve antibakteriyel 6zellikleri
ile baz1  hastaliklarin tedavisinde rol oynayabilecegini
distindirmektedir.

Phytochemical Profile, Antioxidant, Anticholinergic and Antibacterial Properties of Flowers of
Abelmoschus esculentus (Okra)

ABSTRACT Biochemistry
The aim of this research was to investigate the antioxidant, and .
anticholinergic properties, phenolics profile and antibacterial Research Article

activities of Abelmoschus esculentus ethanol extract. The analysis of Article Hi
phenolic compounds was performed with LC-MS/MS. The ticle History

antioxidant capacity (radical scavenging, metal-reducing power and IA{ecelvec; 22?1;821
total antioxidant activity) was assessed by DPPH, ABTS, Cu2*—Cu* ceoic Tatss
reducing (CUPRAC), Fe3*—Fe?* reducing and ferric thiocyanate
thods. The antibacterial activit determined by disc diffusi ELoymOnis

methods. The antibacterial activity was determined by disc diffusion Abelmoschus esculentus
and MIC (Minimum inhibitory concentration) methods and the Antioxidant
anticholinergic property was predicted by inhibition of . .

. . X . Phytochemical analysis
acetylcholinesterase (AChE). Acetohydroxamic acid was determined Acetylcholinesterase
as the main phenolic compound with the highest amount in the Antibacterial

flower extract. Also, quercetin, myricetin, fumaric acid, vanillic acid,
ellagic acid, 4-hydroxybenzoic acid, salicylic acid, caffeic acid,
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kaempferol, butein, protocatechic acid, catechin hydrate, oleuropein
and other components were detected, respectively. The ethanolic
extract of the plant has 29.41% DPPH radical scavenging activity,
20.59% ABTS radical scavenging activity, and also moderate metal
reduction potential. Also, the extract showed an inhibition effect on
the AChE with ICso values (0.18 mg mL-1). The ethanol extract of the

plant showed antibacterial

effect on Staphylococcus aureus,

FEscherichia coli, and Salmonella Typhimurium at different levels.
These results suggested that extract of the flowers of A. esculentus
extract might play a role in the treatment of some diseases with its
antioxidant, anticholinergic, and antibacterial activity.

Ataf Sekli: Kavaz Yiiksel A, Dikici E, Yiiksel M, Isik M 2022. Abelmoschus esculentus (Bamya) ciceginin fitokimyasal
profili, antioksidan, antikolinerjik ve antibakteriyel 6zellikleri. KSU Tarim ve Doga Derg 25 (6): 1205-1215.
https://doi.org/10.18016/ksutarimdoga.vi.976717

To Cite : Kavaz Yiksel A, Dikici E, Yiksel M, Isik M 2022. Phytochemical profile, antioxidant, anticholinergic and
antibacterial properties of flowers of Abelmoschus esculentus (Okra). KSU J. Agric Nat 25 (6): 1205-1215.
https://doi.org/10.18016/ksutarimdoga.vi.976717

GIRIS Habtemariam, 2019).  Ayrica, toplam  yag

Abelmoschus esculentus L. (Moench), Malvaceae
familyasina ait, yenilebilir olgunlasmamis meyveleri
icin yaygin olarak kullanilan bir sebze tirudir.
Kadin parmagi, bamya, bhindi veya gumbo gibi diger
bazi1 yerel adlarda daha yaygin olarak bilinen tek
yillik bir bitkidir (Carney ve Richard, 2009; Dhaliwal,
2010; Kumar ve ark. 2013; Xia ve ark. 2015). Genel
olarak, Afrika'ya 6zgl olan bu bitki dinyanin farkl
ulkelerinde, o6zellikle tropikal, subtropikal ve i1liman
bélgelerde (Giiney Avrupa, Orta Dogu, Asya ve
Amerika) yetistirilmektedir (Xia ve ark. 2015,
Durazzo ve ark. 2019). Bamya meyvesi énemli bir
tibbi degere sahiptir olup ¢esitli hastaliklar1 ve
rahatsizliklar1 kontrol etmek i¢in kullanilmaktadir
(Sabitha ve ark. 2011). Bununla birlikte bitkinin
sadece meyvesi degil aymi zamanda yapraklari,
cigekleri, saplar1 ve 6zellikle zengin bir yag ve protein
kaynag1 olan tohumlar: dahil olmak tzere diger
kisimlar1 da cesitli amaclarla kullanilabilmektedir
(Camciuc ve ark. 1998; Adetuyi ve Osagie, 2011,
Gemede ve ark. 2015). Antik caglardan beri A.
esculentus bitkisinin infiizyonlar: ve kaynatilmasi ile
elde edilen sivilar halk hekimliginde ditiretik ve ishal,
akut iltihap, mide ve bagirsak tahrisi, nezle
enfeksiyonlari, bel soguklugu, dis rahatsizliklar,
brongit ve pnémoni gibi rahatsizliklar: tedavi etmek
amaciyla kullanilmaktadir (Habtemariam, 2019).

A. esculentus meyveleri ve tohum fraksiyonlar: biyik
6lcide fenolik madde ve pektin igerigine sahiptir
(Petropoulos ve ark. 2018). Bamya, zamks1 bir
yapidadir ve kalorisi dugtuktir. Bununla birlikte
notrositik icerik agisindan zengindir ve iyl Dbir
yenilebilir diyet lifi kaynagidir. Caligmalar, A.
esculentusun C vitamini, karoten, tiamin, folik asit,
riboflavin, oksalik asit, niasin ve amino asitler gibi
onemli biyoaktif Dbilesikleri igerdigini ortaya
koymustur. Ayrica, iyi bir protein ve mineral (K, Ca,
P ve Mg kaynagidir (Adelakun ve ark.2009;
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asitlerinin%70'inden fazlasini olusturan 6zellikle
linoleik ve palmitik asitler gibi yag asitlerinin 6nemli
bir kaynag olma 6&zelligini goéstermektedir (Berry,
1980). A. esculentus bitkisi dogrudan tiiketiminin
yani sira biyopolimer, polisakkarit ve flavonoid gibi
biyoaktif molekiilleri yuksek miktarda icermesi
nedeniyle, 1ila¢ ve gida endustrisinde emtlgator
olarak ve eczacilikta ise kan hacmini artirici ilag
formiilasyonlarinin yapiminda kullamilmaktadir (Liu
ve ark. 2019).

A. esculentusun saghg geligtirici etkisi sahip oldugu
cesitli biyolojik aktivitelerden kaynaklanmaktadir.
Bitkinin farkli bélimlerindeki biyoaktif bilesen profili
birbirinden farklilik géstermektedir. A. esculentusun
kabugu, polifenolik bilesikler, karoten, folik asit,
tiamin, riboflavin, niasin, C vitamini, oksalik asit ve
amino asitler bakimindan zengindir (Petropoulos ve
ark. 2018); tohumu, polifenolik bilesikler 6zellikle de
oligomerik katesinler ve flavonol tlrevleri, protein
(yani yiiksek lizin seviyeleri) ve yag fraksiyonu
(6zellikle palmitik, oleik ve linoleik asit) icerir
(Arapitsas, 2008, Wei, ve ark. 2016); kok,
karbonhidratlar ve flavonol glikozitleri (Sunilson ve
ark. 2008) ve yapraklar ise, mineraller, tanenler ve
flavonol glikozitlerinin énemli bir kaynagidir (Idris,
ve ark. 2009; Caluete ve ark. 2014).

Son bes yilda yapilan farmakolojik c¢alismalar, A.
esculentus 6ziitlerinin kardiyo, renal, gastro ve noéro-
koruyucu etkiler (Habtemariam, 2019) gibi énemli
biyolojik  aktivitelerin yam1 sira  antioksidan,
antidiyabetik, antihiperlipidemik ve
antihiperglisemik (Durazzo ve ark. 2019), yorgunluk
giderici, antibakteriyel (Petropoulos ve ark. 2018),
antiinflamatuar ve analjezik 6zellikler (Alves ve ark.
2018) gibi cesitli biyoaktivitelere sahip oldugunu
ortaya koymustur (Sabitha ve ark. 2011; Lu ve ark.
2016; Graham ve ark. 2017; Zhang ve ark. 2018).

A. esculentus Dbitkisinin cesitli  kisimlarinin
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antioksidan aktivitesini inceleyen Khomsug ve ark.
(2010) ve Liao ve ark. (2012), etanolik tohum
ekstraktlarinin  6nemli  antioksidan potansiyeli
gosterdigini ve bununda Dbitkinin fenolik madde
icerigi ile iligkili oldugunu bildirmiglerdir. Ayrica

Singh (2012) A. esculentusun antimikrobiyal
ozelliklerini incelemis ve A. esculentus meyvesi ve
tohumlarimin  Bacillus  subtilis, Staphylococcus

aureus, Klebsiella pneumoniae, FEscherichia coli ve
Pseudomonas  fluorescense karst oO6nemli  bir
inhibisyon gosterdigini saptamigtir.

Bu calismanin amaci, A. esculentusun daha once
arastirilmamig ¢icek kisimlarinin fenolik bilegik
profili ve bazi biyoaktif ozelliklerinin
degerlendirilmesini saglamaktir. Bu arastirmada, A.
esculentus c¢iceklerinin fenolik bilesik profilleri,
antioksidan, antikolinerjik  ve  antibakteriyel
ozellikleri belirlenmeye c¢ahigilmigtir. Ayrica bu
calisma ile A. esculentus hakkinda bir¢ok yenilike¢i
bilginin de bir araya getirilmesi miimkin olmustur.

MATERYAL ve METOD
Materyal

A. esculentusun cicekleri (Temmuz-Agustos 2020)
Gaziantep, Turkiye'den  toplanmistir.  Bitkiler,
Istanbul Universitesi Eczaciik Fakiiltesi tarafindan
uygun ve botanik olarak tanimlanmistir [Sayik ve
ark. 2017; Adamczak ve ark. 2019]. Ayn1 bélgeden
elde edilen bitki materyalinin cicek kisimlar1 (2.30
kg) deiyonize su ile yikanarak oda sicakhiginda
golgede 5-7 gun slreyle kurutulduktan sonra bir
ogitici (Lavion Herb Spice Ogiitiicii Degirmen
Makinas1) yardimiyla égiitiilerek numune kaplarina
konulmusg ve analiz edilene kadar 4°C'de muhafaza
edilmistir (Sayitk ve ark. 2017). Antioksidan
analizlerinde literatiirde siklikla kullanilan (Kéksal
ve Giilcin, 2008; Tohma ve ark. 2017) Troloks, BHT
ve BHA gibi bilesikler referans olarak kullanilmig ve
kullanilan diger tim kimyasallar ticari olarak satin
alinmistir. (Chamberlain ve Raven 1972; Sayik ve
ark. 2017; Adamczak ve ark. 2019). Tiim analizler {ic
tekerrirli olarak yapilmigtir.

Bitki Ekstraktimin Hazirlamas:

Ekstraksiyon, daha énce Atmani ve ark. (2009)
tarafindan  agiklanan  y6nteme  gbére  minér
modifikasyonlarla gerceklestirildi. Kurutulan
numune ile ¢éziicii (etanol) 1:10 oraninda karistirild:
ve 24 saat slireyle galkalayicida ekstraksiyon islemi
gerceklestirildi. Ekstrakt filtre kagidindan (Whatman
No.1) siiziildii ve sonrasinda evaporatér ile c¢oziicii

uzaklagtirildi. Hazirlanan numuneler, analizlerde
kullanilmak  lizere  kapali  kaplarda  4°C'de
saklanmigtir. LC-MS/MS analiz sonuclar1 toplam

kuru madde orami dikkate alinarak belirlenmistir.
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LC-MS/MS Analizi

A. esculentusun fenolik igerigi, bir tandem MS
cihazina bagh bir Nexera model Shimadzu UHPLC
kullanilarak LC-MS/MS ile belirlendi. Yirmi farkl
fenolik madde i¢in gelistirilen yontemin validasyon
calismalar1 Harran Universitesi Merkez Arastirma
Laboratuvari'mda gerceklestirilmistir. Analizler igin
LC-30AD ikili pompalar, DGU-20A3R gaz giderici,
CTO-10ASVP kolon firim1 ve SIL-30AC otomatik
numune alici kullamilmistir. Kromatografik ayirma,
C18 Inertsil ODS-4 (3.0 mm x 100 mm, 2 uM) analitik
kolonu ile gergeklestirilmigtir. Kolon sicakligr 40°C'de
sabitlenmis ve eliisyon gradyani, mobil faz A'dan (su
ve %0.1 formik asit) ve mobil faz B'den (metanol ve
%0.1 formik asit) olusturulmustur. Enjeksiyon hacmi
4 uL'ye ayarlanmig ve solvent akig hizi 0.5 mL dk'de
sabitlenmigtir. MS tespiti, Shimadzu LC-MS 8040
model ugcli, dort kutuplu ve ESI kaynak iglemi ile
donatilmis bir kiitle spektrometresi kullanilarak hem
pozitif hem de negatif iyonizasyon modlarinda
yapilmigtir. LC-MS/MS veri hesaplamalar1 Lab
Solutions yazilimi (Shimadzu, Kyoto, Japonya) ile
yapilmis ve analizi 6l¢gmek i¢in ¢oklu reaksiyon izleme
(MRM) modu kullamilmistir (Kéksal ve ark. 2017).
Deneyde her bir bilegik analizi i¢in ii¢ uygulama
yapilmig, ortalamasi alinmis ve sonuclar nicel olarak
sunulmustur.

Antioksidan Aktivite
Toplam Indirgenme Kapasitesi

A. esculentus ekstraktlarinin metal indirgeme
kabiliyeti, Elmastas ve ark. (2006a) tarafindan
bildirilen yéntemin modifikasyonuyla yapildi. Farklh
kosantrasyonlardaki bitki ekstraktlar: (10, 20, 40 pg
mL1), 2.5 mL fosfat tamponu (0.2 M, pH 6.6) ve 2.5
mL %1 potasyum ferrisiyaniir [KsFe(CN)¢l ile
karigtirnildi. Karigimlar, 50°C'de 20 dakika stireyle
inkube edildi. Daha sonra her karigima trikloroasetik
asit (2.5 mL, %10) ve FeCls (0.25 mL, %0.1) ilave
edildi ve 3.000 rpm'de 10 dakika santrifijlendi.
Karisimin absorbans degerleri 700 nm'de 6lgtldi.
Indirgeme giicii degerleri absorbans olarak ifade
edildi ve elde edilen sonugclar standart
antioksidanlarla karsilastirildi (Elmastas ve ark.
2006b).

Cu (1) Iyonu Indirgeme Kapasitesi (CUPRAC)

Cu (ID -Ncnin Cu (I -Nc¢ kompleksinin
indirgenmesine dayanan CUPRAC y6ntemi uyguland:
(Apak ve ark. 2006, Giilgin, 2008). Test tiipiine 1 mL
CuClz (0.01 M) soliisyonu, 1 mL neokuproin (2,9-
dimetil-1,10-fenantrolin) ve 1 mL amonyum asetat
(NH4Ac) tampon c¢ozelti eklendi ve vorteks
kullanilarak  karigtirildi. Daha  sonra  farkh
konsantrasyonlardaki ekstraklar (10, 20, 40 ug mL1)
ilave edildi ve toplam hacim ultra saf su kullanilarak
4 mL'ye ayarlandi. Oda sicakliginda 30 dakika
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inkubasyondan sonra absorbans 450 nm'de
kaydedildi. Karisimdaki reaksiyonla artan absorbans,
Cu iyonu indirgeme kapasitesinin arttigini gosterir.

Sonucglar absorbans olarak verildi ve standart
antioksidanlarla karsilagtirildi.

DPPH Radikal Giderme Aktivitesi

A. esculentus  ekstraktlarinin  ve standart

antioksidanlarin DPPH serbest radikal giderme
aktivitesinin belirlenmesi i¢in Blois yéntemi (1958)
kullanildi. Bu analiz i¢in metanol iginde 0.1 mM
DPPH c¢ozeltisi hazirlandi. Stok c¢ozeltilerden elde
edilen numuneler (10, 20, 40 pg mL) bu c¢ozeltinin 1
ml'si ile karistinnldi ve etanol ile 3 mL'ye
tamamlandi. Bu ¢6zeltiler iyice vortekslendi ve
karanlkta 30 dakika inkiibe edildi. Orneklerin
absorbansi, 517 nm'de bir spektrofotometre
kullanilarak ¢l¢uldi. Sonuglar, radikal giderme
aktivitenin ytizdesi olarak rapor edildi.

ABTS Radikal Giderme Aktivitesi

Bu yontem, renkli ABTS* katyon radikalinin bir
ekstrakt ile islenmesi sonucu renk degisimi ilkesine
dayanmaktadir (Re ve ark. 1999). ABTS (2 mmol L)
cozeltisi, 2.45 mmol L potasyum persiilfat (K2S20s)
¢ozeltisi 1ile karistirildi. Elde edilen soliisyon
karanlhkta oda sicakliginda 14 saat inkiibe edildi. Ilk
olarak ABTS* radikal c¢o6zeltisi, 734 nm'de
0.750+0.025 absorbans elde edilene kadar sodyum
fosfat tamponu (0.1 mol L1, pH 7.4) ile seyreltildi.
Daha sonra 10, 20, 40 ng mL! ekstrakte edilmis stok
cozeltiler alinarak hacmi 3 mL olana kadar fosfat

tamponu ile tamamlanmigtir. Hazirlanan 1 mL
ABTS+ soliusyonu, ekstrakt ornekleri ile karigtirild:
ve vortekslendi. Absorbans, 734 nm'de Dbir
spektrofotometre kullanmilarak ol¢ulda. Sonuclar,

radikal giderme aktivitesinin yuzdesi olarak rapor
edildi.
Radikal giderme aktivitesi (%) =

Kontrol absorbans degeri— Ornek absorbans degeri

x 100

Kontrol absorbans degeri

Asetilkolinesteraz (AChE) Aktivitesi

A. esculentus ekstresinin AChE enzimi uzerindeki
inhibitor etkisi Ellman spektrofotometrik yéntemi ile
belirlendi (Ellman ve ark. 2002). 50 ul 5,5'-ditiyo-bis
(2-nitro-benzoik) asit (DTNB), 100 ul Tris-HCl
tampon (1 M, pH 8.0) ve 50 pL. AChE (5.32x103 U)
iceren reaksiyon soliisyonu 30°C'de inkiibe edildi ve
15 dakika karigtirildi. Sonug olarak, substrat olarak
kullanilan 50 pL asetiltiokolin iyodiir (AChI) ilave
edilerek reaksiyon baglatildi. Substratin enzimatik
hidrolizi, 412 nm'de spektrofotometri ile tespit edildi
(Necip ve Isik 2019). Farkli konsantrasyon
araliklarinda (0.8-0.25 mg mL1) A. esculentusun
etanolik 6zutinin AChE tuzerindeki etkisi tarandi.
ICs0 degerleri, ekstrakt icin aktivite (%)-[Ligand]
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grafiklerinden hesaplandi (Demir ve ark. 2017; Necip
ve Isik 2019; Tiirkes ve ark. 2021).

Abelmoschus esculentus Ekstraktinin Antibakteriyel
Aktivitesinin Belirlenmesi

Kiltiirlerin Hazirlanmasi

A. esculentus  ekstraktlarinin antibakteriyel
aktivitelerinin belirlenmesi i¢in FEscherichia coli
(ATCC 25922), Staphylococcus aureus (ATCC 25923)
ve Salmonella Typhimurium (ATCC 14028) kiiltiirleri
kullanilmig ve bu kiltiirler analizlere kadar -80°C'de
saklanmigtir. Bu kultiurler, 35-37°C'de 24 saat
siireyle Trypticase Soy Maya Extract (TSYE) icinde
aktive edilmis ve kiultirlerin yogunluklar1 0.5
McFarland standardi ile 1x108 CFU mL7e
getirilmistir (Zapata ve Ramirez-Arcos, 2015).

Disk Diflizyon Yéntemi

Steril ve 9 cm ¢apinda petri kutulari, 20 mL Mueller-
Hinton Agar kullanmilarak hazirlandi. Her bakteri
siispansiyonunun standart miktarlar: (108 CFU mL?)
hazirlanan petrilere aktarildi (Giilgin ve ark. 2004).
Daha sonra hazirlanan petri plaklar1 tizerine 20 pL
EMS 6zii emdirilmis steril kagit diskler (6 mm)
yerlestirildi. Hazirlanan plaklar 4°C'de 1 saat tutuldu
ve daha sonra 37°C'de 24-48 saat inkiibe edildi.
Kontrol diski dahil bakterisidal alanlarin ¢aplari
(mm) degerlendirildi. Bu analiz icin pozitif kontrol
olarak siprofloksasin (5 pg disk) kullanilmistir
(Umar ve ark. 2019).

Minimum Inhibitér Konsantrasyonu (MIC) Yéntemi

Bu analiz ic¢in, 312 mg mL?! (agirlik/hacim)
konsantrasyonunda %35 Dimetil siilfoksit (DMSO)
icinde A. esculentus o6zitleri hazirlandi. Elde edilen
karisstm 0.45 um Millipore filtreler (Fransa) ile
sterilize edildi. Steril 6rnekler, antibakteriyel aktivite
testleri yapilana kadar 4°C'de 1.5 mL Eppendorf
tuplerde muhafaza edildi. Her bakteri inokulumunun
10 ul'si mikrokuyucuklara ilave edildi ve elde edilen
bitki 6ziitii, nutient broth (NB) kullanilarak 312, 156,
78, 39, 19.5, 9.75 mg mLe seyreltildi. Sterilize
DMSO solisyonu bir kuyucukta negatif kontrol
olarak kullanildi. Hazirlanan mikrokuyucuklar 35-
37°C'de 24 saat inkiibe edildi. Mikrokuyucuklarda

bulanikhk ve biiylime pozitif sonug¢ olarak
yorumlandi. Inkiibasyon periyodunun sonunda
kuyucuklar, c¢ogalmanmin varhigi veya yoklugu

acisindan degerlendirildi. Her test en az ¢ kez
tekrarlandi (Umar ve ark. 2019).

Istatistik Analizler

Elde edilen veriler GraphPad Prism sirim 6
(GraphPad Software, La dJolla, California, ABD)
kullanilarak degerlendirildi. Sonuglar
ortalama+standart sapma (%95 giiven araligl) olarak



KSU Tarim ve Doga Derg 25 (6): 1205-1215, 2022
KSU J. Agric Nat 25 (6): 1205-1215, 2022

Aragtirma Makalesi
Research Article

gosterildi. Veri setleri arasindaki farklar, p degeri <
0.05 yani istatistiksel olarak anlamli bulundu. Tim
analizler 2 paralel ve 3 tekerriirli olarak yapilmigtir.

BULGULAR ve TARTISMA
LC-MS/MS ile Fitokimyasal Fenolik Bilesik Analizi

Cihaz kutiphanesinde bulunan standart bilegiklerin
dogrusal regresyon degerleri ve dogrusallik araliklar:
verilmistir (Cizelge 1). Dogrulama parametreleri,
dogrusallik, tekrarlanabilirlik, tespit limitleri (LOD)
ve niceleme (LOQ) olarak belirlendi. Bildirilen
yontem i¢in her bir bilesik i¢in dogrusallik, standart
¢ozelti analiz edilerek belirlendi. Her bir bilegigin
dogrusallik araliklar1 Cizelge 1'de verilmistir.
Standart egrilerin korelasyon katsayilarn (R?)
0.99'dan yiksek bulunmustur. Kullanilan analitik
yontemde LOD; 0.1 pg Lt -142.3 png L't ve LOQ; 0.3
pg L1-274.6 pg Lt degerlerinin belirtilen araliklarda
degisim gosterdigi tespit edilmigtir. Genel olarak
fenolik bilegiklerin geri kazanim degerleri %96.6 ila
%101.1 arasinda degisim gostermistir. Literatiirde
fenolik Dbilesiklerin tayini i¢in yapilan metot
validasyon c¢alismalari incelendiginde bu c¢alismada
elde edilen verilerle paralellik gosterdigi tespit
edilmistir (Zhu ve ark. 2012). Ayrica elde edilen R2
degerleri literatiirde mevcut olan verilerin siirlari
icinde oldugu belirlenmistir. Bu sonuclar, ¢alismada
elde edilen sonuglarla benzerlik gostermektedir. A.
esculentus 'un fenolik bilesen (flavonoidler ve fenolik
asitler) profili standartlara uygun olarak tespit
edilmigtir. Cizelge 1'e gore, A. esculentus 'da en fazla
bulunan bilegen asetohidroksamik asit (2335.00 pg L-
1) olarak belirlenmis ve bunu sirasiyla kuarsetin,
myricetin, fumarik asit, vanillik asit, ellagik asit, 4-
hidroksibenzoik Asit, salisilik asit, kafeik asit,
kaempferol, bltein, protokatesik asit, katesin hidrat,
oleuropein ve diger bilesenler takip etmistir. Elde
edilen degerler 2335.00 ug L '’den 2.32 ug L Vye dogru
disiis gostermistir. Bu arastirmada tespit edilen
bilesikler, esas olarak fenolikler, flavonoidler,
glikozitler, fenolik asitler ve turevlerden
olusmaktadir. A. esculentus bitkisinin fenolik bilesik
igerigi ve gosterdigi biyoaktif 6zellikler, cesitlerinden,
yetistirme kogullarindan, meyve boyutlarindan, ¢icek
ozeliklerinden ve hasat zamanindan etkilenmektedir
(Olivera ve ark. 2012; Petropoulos ve ark. 2018).

Abelmoschus esculentusun Antioksidan Ozellikleri

Bir fenolik bilegigin antioksidan o6zellikleri, serbest
radikal giderme yeteneginden, metal iyonlarim
selatlamasindan veya hidrojen atomu elektronu
vermelerinden kaynaklanmaktadir (Sayik ve ark.
2017; Amarowicz ve ark. 2004). Fenolik bilesiklerin
yapisi, metal selatlama aktiviteleri ve radikal
giderme  aktiviteleri bakimindan temel baz
ozelliklere sahiptir. A. esculentus, yuksek DNA
baglama kapasitesi ve zengin kimyasal bilesimi
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nedeniyle, kanser ve bakteriyel hastaliklar icin
mikemmel bir engelleyici 6n ila¢g olarak kabul
edilebilmektedir (Sayik ve ark. 2017, Amarowicz ve
ark. 2004).

Ekstraktlarin serbest radikal temizleme etkinligi
onemli bir degerlendirmedir ve bu 6zellikler, DPPH
(1,1-diphenyl-2-picryl-hydrazyl) serbest radikal
temizleme degeri ve ABTS (% 2,2-azino-bis(3-
ethilbenztiyazolin-6-siilfonik asit) radikal giderme
aktivite yontemleri kullanilarak belirlenmisgtir.
Serbest radikaller, oksitlenebilir substrat gorevi
gorur ve farkli yontemler kullanilarak indirgenebilir
(Prior ve Cao, 1999). ABTS radikal katyonu,
ABTSmin  potasyum  persiilfat  (K2S20s)  ile
oksidasyonu ile elde edilmistir (Giilcin ve ark. 2005).
A. esculentus 6zuti, 0.2 mg mL1 konsantrasyonunda
%29.41+0.19 DPPH radikal giderme aktivitesi ve
%20.59+1.36 ABTS radikal giderme aktivitesi
gostermistir (Cizelge 2). DPPH radikal giderme
aktivitesi en yilksek Troloks (%81.19+5.63)
standardinda bulunurken, bunu swrasiyla BHA
(%71.82+4.86), BHT (%46.3+2.64) ve A. esculentus
(%29.41+ 0.19) izlemistir. A. esculentus bitkisinin
standart antioksidanlardan daha diisik antioksidan
aktiviteleri, yapisindaki dasik miktardaki
antioksidan bilegiklerin varligindan kaynaklanabilir.
A. esculentus bitkisine ait DPPH ve ABTS giderme
sonuglari, bu bitkiye ait ekstraktin serbest radikalleri
temizleme yetenegine sahip oldugunu goéstermigtir.
Ayrica, baz1 serbest radikallerden kaynaklanan zincir
reaksiyonlarinin baglamasini ve yayilmasini 6nleme
yetenegine de sahip olabilecegini ortaya koymustur.

CUPRAC analizi, ¢ok gesitli polifenoller i¢in basit,
hizl, etkili, kararli ve secici bir antioksidan 6l¢iim

yontemidir (Apak ve ark. 2006). Antioksidan
aktivitenin  6nemli bir 06zelligi, Fenton tipi
reaksiyonlar1 ve hidroperoksit ayrismasini katalize
edebilen gecis metallerinin

selatlanmasi/deaktivasyonudur (Dorman ve ark.
2003). Cizelge 2'de goriildiigii gibi CUPRAC testinde
ve Fe3*-Fe2* indirgeme aktivitesinde en yliksek deger
sirasiyla BTH, BHA, Trolox ve A. esculentus olarak
tesbit edilmistir. Elde edilen sonuclar, A. esculentus
6ziitiiniin standart antioksidanlardan (BHA, BHT ve
Troloks) daha diisiik bakir ve demir indirgeme
aktivitesine sahip oldugunu ortaya koymustur. Bu
sonuglardan yola cikarak, A. esculentus 'da bulunan
baz1 fenolik bilegiklerin 6nemli &lgtide radikal
giderme ve metal c¢elatlama kapasitesine sahip
oldugu soylenebilir. A. esculentusun igerigindeki
fenolik bilesiklerin serbest radikalleri yok etme
etkisinden dolay1 oksidatif stresin azaltilmasinda rol
oynayabilecegi diisiiniilmektedir. Aliyu ve ark. (2009)
tarafindan yapilan bir c¢alismada A. esculentus
yapraklarimin %80’lik metanolik ozutiiniin yuksek
radikal temizleme aktivitesi ve DPPH indirgeme
potansiyeli gésterdigini ortaya koymustur.
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Cizelge 1. Bamya (Abelmoschus esculentus) ¢igeginin fitokimyasal iceriginin LC-MS/MS yéntemi ile kantitatif
olarak belirlenmesi
Table 1. Quantitative determination of phytochemical content of okra (Abelmoschus esculentus) flower by LC-

MS/MS method
S_tanflart sMRM PRSD % CLOD/L_OQ Geri koazanlm dRT eR2 Denklem Konsantrasyon
bilegikler (ug LD %) (pg L)
] 100.130 y=(13.7831)
Quercetin 301.1>151 1.36 13.7/25.7 3.891 | 0.999 2137.15
x+(146.951)
Acetohydroxamic 100.075 y=(150.982)
76.10>43.10 0.82 2.8/8.6 0.406 | 0.999 2335.00
Acid x+(23.1833)
0.99404 5=(79.2933)
Catechinhydrate | 291.10>139.00 2.36 7.3/18.4 2.532 | 0.999 23.67
x+(-2406.22)
o 100.093 y=(48.0522)
Vanillic Acid 168.80>93.00 0.62 82.6/142.2 2.762 | 0.998 712.50
x+(-876.904)
0.9985 y=(46.4361)
Resveratrol 229.10>135.00 1.31 7.2/18.3 3.606 | 0.998 4.84
x+(-1314.61)
0.99748 3=(20.2986)
Fumaric Acid 115.20>71.00 0.47 18.4/32.7 0.809 | 0.999 819.02
x+(-762.592)
100.004 y=(65.3835)
Gallic acid 169.20>125.00 1.36 0.90/1.6 1.278 | 0.999 18.59
x+(-2699.84)
o 100.917 y=(124.785)
Caffeic Acid 179.20>135.00 1.37 6.3/10.7 2.836 | 0.996 164.19
x+(-487.132)
Phloridzin 10.001 y=(33.4069)
435.00>273.10 5.64 61.0/207.0 3.594 | 0.999 2.32
dihydrate x+(-1396.90)
0.997 y=(25.9240)
Oleuropein 539.10>377.20 6.94 0.5/1.4 3.567 | 0.999 21.26
x+(-558.916)
100.232 3=(5.25903)
Ellagic Acid 300.90>145.10 8.56 0.10/0.3 3.681 | 1.000 450.91
x+(-1167.31)
o 0.99982 y=(37.0934)
Myricetin 317.10>150.90 0.79 36.4/59.6 3.644 | 0.999 1817.59
x+(2684.23)
Protocatechuic 101.070 y=(526.954)
181.20>108.00 1.29 21.3/46.5 3.556 | 0.994 54.61
acid x+(23026.1)
] 0.9989 y=(49.3543)
Biitein 271.10>135.00 1.45 17.5/36.7 3.935 | 0.999 59.55
x+(367.917)
0.9998 y=(317.241)
Naringenin 271.10>150.90 2.05 4.2/6.8 3.952 | 0.996 N.D.
x+(33733.3)
0.99883 y=(34.6668)
Luteolin 285.20>132.90 0.57 0.5/2.5 4.069 | 0.998 7.18
x+(3721.79)
100.772 y=(2.63905)
Kaempferol 285.10>116.90 1.44 142.3/274.6 4.298 | 0.999 136.71
x+(-206.494)
0.9667 3=(3.97487)
Alizarin 239.20>210.90 3.51 45.2/76.5 4.594 | 0.998 N.D.
x+(1614.23)
4-Hydroxybenzoic 0.99662 Y=(735.804)
137.20>93.00 1.54 28.6/52.2 3.664 | 0.999 331.38
Acid X+(-498.102)
100.989 y=(746.369)
Salicylic acid 187.20>93.00 1.24 4.2/7.6 3.558 | 0.999 246.25
x+(6072.41)

aMRM: Coklu reaksiyon izleme, bRSD: Géreceli standart sapma, cLOD/LOQ (ug L-1): Tespit limiti/ kantitasyon limiti, dRT: Tutma siiresi,
eR2: Belirleme katsayisi, N.D: Tespit edilmedi
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Cizelge 2. Bamya cicegi (Abelmoschus esculentus) ekstraktinin antioksidan aktivitesi ve AChE iizerine
inhibisyon etkisi
Table 2. The antioxidant activity and inhibition effect on AChE of extract from flowers of Abelmoschus

esculentus
Antioxidants DPPH= ABTS= FRAPY CUPRACP AChE
(0.2mgmL1)  (0.2mgmL?) (0.2mgmL1) (0.2 mg mL) [Coo(mg mL) R
A. esculentus 29.41+ 0.19 20.59+1.36 0.13+0.01 0.37+0.01 0.18+0.01 0.965+ 0.02
BHA 71.82+ 4.86 83.67+£5.41 0.45+0.02 0.58 +£0.02
BHT 46.33+ 2.64 48.35+3.20 0.62+ 0.02 0.64 £ 0.02
Troloks 81.19+ 5.63 80.06+ 6.32 0.25+ 0.01 0.52+ 0.02

Standart antioksidanlar (BHA, biitillenmis hidroksianisol; BHT, biitillenmis hidroksitoluen, troloks)

aDegerler yluzde radikal giderme aktivitesi olarak ifade edildi

bDegerler absorbans olarak ifade edildi. Yiksek absorbans, yliiksek metal indirgeme kapasitesini gosterir

Antikolinerjik Etki
Norotransmiter asetilkolinin hidrolizindeki artis,

bulunmaktadir. Bircok calisma flavonoid ve fenolik
bilegiklerin anti-asetilkolinesteraz aktivitesine sahip
(Necip ve Isik, 2019).

Alzheimer hastaliginin  (AD) gelismesine  yol oldugunu  bildirmigtir

acmaktadir. Bu amacla, AChE inhibitérleri bu Glunimuzde yaygin olarak kullanilan donepezilin,
hastali-gin tedavisinde yaygin olarak ellajik asitten yaklagitk 10000 kat daha glgli bir
kullanilmaktadir. AD'nin semptomatik tedavisinde AChE inhibitér etkisi oldugu bilinmektedir (Fan ve
kullanilan AChE inhibitérlerinin  antioksidan ~ ark. 2008; Jha ve ark. 2018). Bununla birlikte,
uretimini arttirdigr ve hiicreleri oksidatif hasardan sentetik referans inhibitdrlerinin yan etkileri
korudugu da bilinmektedir (Isik, 2019). Cizelge 2'de nedeniyle, dogal kaynakli alternatif bilegiklerin

gosterilen sonucglar, A. esculentusun etanolik
ozutinin AChE {zerinde bir inhibisyon etkisine
sahip oldugunu ortaya koymustur (ICso: 0.18+0.01 mg
mL1). Fenolik bilesiklerin néroprotektif etkileri, AD
tedavisindeki 6nemli rollerinden kaynaklanmaktadar.

belirlenmesi 6zellikle 6nemlidir (Bettaieb ve ark.
2011).

A. esculentusun Antibakteriyel Ozellikleri
A. esculentus ekstresinin antibakteriyel aktiviteleri

AChE inhibitorlerinin  kullanim1 ile hastaligin
(beyindeki asetilkolin oraminin yiikselmesinden
kaynaklanan) tedavisi icin bircok &énemli yaklagim

S. aureus, E. coli ve S. Typhimurium'a karsi
belirlendi (Cizelge 3 ve Cizelge 4).

Cizelge 3. Bamya cicegi (Abelmoschus esculentus) ekstraktinin antibakteriyal etkisi (Zon ¢ap1, mm)
Table 3. Antibacterial effect of (Abelmoschus esculentus) Okra flowers extracts (Zone diameter, mm)

Ornek Konsantrasyon Staphylococcus FEsherichia coli Salmonella
(6.24 mg disk) aureus Typhimurium
Abelmoschus esculentus 312 mg/mL 12.0+0.20 8.0+0.10 7.0+0.22
Kontrol (Siprofloksasin) 5 pg 21.0+0.12 20.0+0.12 17.0+0.20

Cizelge 4. Bamya Cicegi (Abelmoschus esculentus) ekstraktimin MIC (Minimum inhibitér konsantrasyonu)
sonuglari
Table 4. Results of minimum inhibitory concentration (MIC) of (Abelmoschus esculentus) Okra flowers extracts

Abelmoschus esculentus  Konsantrasyon Inokulum Staphylococcus FEsherichia Salmonella
(mg mL) miktar1 (uL)  aureus coli Typhimurium
312 10
156 10 + +
78 10 + + +
39 10 + + +
20 10 + + +
10 10 + + +
Besiyeri+ Inokulum 0 10 + + +
Besiyeri+Solvent(DMSO) 0 10 + + +
Besiyeri 0 0 - -

(+): Cogalma var, (-): Cogalma yok

coli (8.0£0.10 mm) ve S. Typhimurium (7.0+0.22 mm)
izledi. A. esculentus ekstraktinin bakteri kultirleri
uzerindeki inhibisyon etkisi, siprofloksasin

Cizelge 3'te goruldugu gibi, 312 ng mL1 A. esculentus
ozutu, S. aureus uzerinde yliksek inhibisyon zon ¢ap1
olusturdu (12.0£0.20 mm) ve bunu ise sirasiyla Z.
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antibiyotigine gore diigik bulunmustur. Elde edilen
MIC (Minimum inhibitér konsantrasyonu) sonugclari,
10 pL bitki 6ziintin, 312 png mL!, 156 pg mL1, 78 nug
mL1, 39 pg mL1, 20 pg mL1, ve 10 pg mL1! gibi 6
farkli  konsantrasyonda uygulandiginda dogru
sonuclar verdigini gostermistir (Cizelge 4). Belirlenen
sonuglar incelendiginde 312 ng ml1
konsantrasyonunun tiim bakteriler lizerinde en etkili
oldugu tespit edilmigtir. 156 pg mL?! Dbitki
konsantrasyonun ise, S. aureus disindaki diger
bakteriler tizerinde herhangi bir etki gésteremedigi
belirlenmigtir. Bununla birlikte, ¢aligilan diger dort
konsantrasyonun herhangi bir bakteri tizerinde etkili
olmadigr saptanmistir. Elde edilen verilerden, A.
esculentusun c¢aligilan bakterilere kars1 antibakteriel
etkiye sahip oldugu sonucuna varilmistir. Yapilan
calismalar, bitkilerin terapotik etkilerinin, sahip
olduklar1 tek bir bilesenden degil, birden fazla
bilesigin sinerjik etkisinden kaynaklandigini ortaya
koymustur. Bitkiler, antioksidan aktivitelerinin yani
sira, ihtiva ettikleri pek c¢ok fenolik bilesik 6nemli
diizeyde antibakteriyel aktivite sergileyebilmektedir.
Altemimi ve ark. (2017) yaptig1 bir ¢alismada, A.
esculentus'un %80’lik metanolik yaprak 6zlerinin ¢ok
iyi antioksidan, antimikrobiyal ve sitotoksik
ozelliklere sahip oldugunu ortaya koymustur.
Carvalho ve ark. (2011) ise A. esculentus 6ziitlerinin
antibakteriyal 6zeeliklerini arastirdigl bir ¢alismada,
bu bitkiden elde edilen ekstrelerin, Mycobacterium
suglar1 X. Py2 ve S. aureusun gelisimini inhibe
etmede etkili oldugu, ancak K. erythropolis ve FE.
coli'ye kars1 etkisiz oldugunu ortaya koymustur. Bu
calismada A. esculentus cicek oOziitlerinin FE. coli
uzerine antibakteriyel etki gosterdigi tespit edildi.

SONUC ve ONERILER

Calismadan elde edilen sonuglar, A. esculentus ¢igek
ekstrelerinin antioksidan (metal indirgeme, serbest
radikal stpiirici ve anti-lipid peroksidasyonu),
antikolinerjik ve antibakteriyel aktivitelere sahip
oldugunu ortaya koymaktadir. Ayrica tespit edilen
bulgular, bu tiriin 6nemli G&zelliklerinden dolay:
cesitli amaclarla degerlendirilebilecegi sonucunun
ortaya ¢ikmasini saglamigstir. Son olarak, bu tirin
kemo-gesitliligi, sahip oldugu antibakteriyel ve
antioksidan bilesik profili nedeniyle 6nemli saghk
sorunlarinin tedavisi i¢in umut verici bir kaynak
olabilecegini gostermistir. Sonug olarak, A. esculentus
onemli bir dogal antioksidan kaynagi ve gidalar i¢in
kismen 1iyi bir antibakteriyel madde ve ayrica
farmasétik ve gida maddelerinin raf 6mrini uzatan
bir ajan olarak degerlendirilebilir.

Aragtirmacilarin Katki Oran1 Beyan Ozeti

Yazarlar makaleye esit oranda katki saglamig

olduklarini beyan eder.
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Cikar Catismasi Beyam

Makale yazarlar1 aralarinda herhangi bir c¢ikar
catigsmasi olmadigini beyan ederler.
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ABSTRACT

Smyrnium connatum Boiss. and Kotschy is known as “yabani
kereviz” in Turkey and its roots are used to treat asthma. Smyrnium
species are used by people in different regions as diuretic, depurative
and laxative. The aim of this analysis was to test the biological
activities of methanol extracts obtained from aerial parts and roots
of S. connatum using a Soxhlet extractor, ultrasonic assisted
extraction, and maceration procedures. The extracts of S. connatum
aerial parts and roots were tested for their acetylcholinesterase,
butrylcholinesterase, and tyrosinase inhibitory activities, radical
scavenging activity, and iron chelating activities at various
concentration using microplate reader. In this study, significant
differences were found in acetylcholinesterase, and
butrylcholinesterase inhibition and antioxidant determinations
between plant extracts prepared using different extraction methods.
S. connatum aerial parts generally was detected to be more active in
terms of antioxidant activity assay. S. connatum aerial parts and
roots showed high inhibition activity against both cholinesterase
enzymes. All extracts showed moderate inhibitory activity against
tyrosinase. The biological activity of the aerial parts of S. connatum
was generally found to be more active than roots of S. connatum. It
was assumed that the determination of enzyme inhibitor and
antioxidant capacity of the plant had remarkable potentials on the
treatment of neurodegenerative diseases.
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Smyrnium connatum Boiss. and Kotschy. Metanol Ekstresinin Biyolojik Aktivitesi

OZET

Smyrnium connatum Boiss. and Kotschy bitkisi Turkiye'de "yabani
kereviz" olarak bilinir ve bitkinin kokleri astim tedavisinde
kullanilir. Farkl bolgelerde Smyrnium turleri insanlar tarafindan
ditretik, depuratif ve laksatif amaclarla kullanilmaktadir. Bu
calismanin amaci, Soxhlet ekstraktorii, ultrasonik destekli
ekstraksiyon ve maserasyon yontemleri kullanilarak S. connatum
toprak usti ve koklerinden hazirlanan metanol ekstrelerinin
biyolojik aktivitelerini degerlendirmektir. S. connatum toprak Usti
ve kok ekstreleri, cesitli konsantrasyonlarda asetilkolinesteraz,
butirilkolinesteraz ve tirozinaz inhibitor aktiviteleri, radikal
temizleyici potansiyelleri ve demir sgelatlama kapasiteleri
bakimindan mikroplaka okuyucu kullanilarak test edildi. Yapilan
aragtirmalarda, farklh ekstraksiyon yontemleri kullanilarak
hazirlanan bitki ekstreleri arasinda hem enzim inhibisyonu hem de
antioksidan aktiviteleri 6nemli olgtide farkli bulunmustur. S.
connatum toprak Ustii kisimlarinin antioksidan aktivitesi
bakimindan genel olarak daha yiiksek tespit edilmistir. .S. connatum
toprak ustu kisumlari ve kokleri, her iki kolinesteraza karsi da
yiksek inhibitér aktivite géstermistir. Tum ekstreler, tirozinaza
karsi orta diizeyde inhibitor aktivite gostermigtir. Genel olarak S.
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connatum'un toprak tsti kisimlarinin biyolojik aktivitesi koklerine

gore daha aktif bulundu.
tayinlerinin sonucunda
tedavisinde kayda deger
oldugu disiinilmektedir.

Enzim inhibitori ve antioksidan kapasite
bitkinin nérodejeneratif hastaliklarin
sonuglar verebilecek potansiyellere sahip
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INTRODUCTION

Smyrnium L., which comprises 38 species worldwide,
contains six taxa in the Turkish flora; S. olusatrum
L., S perfoliatum L. subsp. perfoliatum, S.
perfoliatum subsp. rotundifolium (Miller) Hartwig, S.
cordifolium Boiss., S. connatum Boiss. and Kotschy
and S. creticum Miller. (Stevens, 1972; Mungan et al.,
2008; Mungan et al., 2011; Abbasi et al., 2019).
Smyrnium taxa is widely used for the treatment of
various diseases by people in different regions such as
diuretic, depurative, and aperient activities,
especially through their roots. However, because of
the high vitamin C concentration, they may have the
best antiscorbutic properties (Caprioli et al., 2014).
Carminative and stomachic effects are present in the
fruit (Bermejo and Leén, 1994; Minareci and
Kalyoncu, 2012). Aerial parts, roots, and seeds of S.
cordifolium have traditionally been used for the
problems on urinary tracts and prostate,
gynecological area, stomachic, and indigestion
according to the ethnobotanical data, as well as for its
properties, such as aromatic bitterness, heated
effects, tonic, antihelmintic, antipyretic, antiworm in
Iran (Amiri and Joharchi, 2016). In Manisa Turgutlu,
it was reported that the decoction of S. olusatrum
roots were used for abortion (Bulut and Tuzlaci,
2013). In an ethnobotanical study conducted in
Andirin, Kahramanmaras, it was reported that the
fresh roots of S. connatum were used for the
treatment of asthma (Demirci et al., 2014).

S. connatum is biennials, their stems are sturdy and
ridged, measuring 70-150 cm in length. Ultimate
segments are oval, at least 2x1.5 cm, bluntly serrate;
basal leaves are 3-pinnate/ternate. Upper stem leaves
are opposite, with at least some connate, oblong, up to
10 cm long, and subentire to obscurely serrulate.
Umbels 10-17 have been rayed. Style is 0.9-1.3 mm,
reflexed; mericarps are 2.8x2.3 mm, dorsal ridges are
indistinct (Davis, 1972).

Overproduction of oxidants (reactive oxygen species
and reactive nitrogen species) in the human body
have serious adverse effects in the pathogenesis of
many chronic diseases such as cardiovascular
diseases, diabetes, obesity, neurological disorders
(Alzheimer’s, and Parkinson’s disease etc.), and skin
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diseases. Therefore, protective role of phytochemicals
such as polyphenolics, triterpenes, saponins, and
alkaloids could be linked to their antioxidant activity
(Zhang et al., 2015).

Alzheimer's disease is a progressive
neurodegenerative condition marked by cholinergic
system impairments and beta amyloid deposition in
the form of neurofibrillary tangles and plaques. As a
result, inhibition of acetylcholinesterase (AChE) and
butyrlcholinesterase (BuChE) has been identified as a
significant target for the effective management of
Alzheimer’s disease, resulting in an increase In
acetylcholine availability in brain areas and a
decrease in amiloid plaque development (Anand and
Singh, 2013; Alam and Sharma, 2019).

Melanogenesis 1s the process of synthesizing melanin,
which is the pigment that gives color to human skin,
eyes, and hair. Tyrosinase (TYR) is a crucial enzyme
that catalyzes a rate-limiting step in the production of
melanin. As a result, many TYR inhibitors have been
developed for skin whitening in recent years
(Pillaiyar et al., 2017).

The aim of this study is to evaluate the cholinesterase
and TYR inhibition and antioxidant activities of the
extracts obtained from S. connatum aerial parts
(ASC) and roots (RSC) and to compare the effects of
the extracts prepared by different extraction methods
on the activity. Moreover, purpose was the
determination of the antioxidant properties of the
extracts using iron-chelating activities, 2,2-Diphenyl-
1-picrylhydrazyl ~ (DPPH) and  2,2-azinobis-3
ethylbenzothiozoline-6-sulfonic acid (ABTS) cation
decolorization test.

MATERIALS and METHODS
Plant material

S. connatum aerial parts and roots were collected
from Adana, Turkey. The plant material was
identified by Prof. Dr. Yavuz Bagci. The voucher
specimen was kept at the Herbarium of Selcuk
University in Konya (KNYA) Turkey.

Extraction methods
The methanol extracts prepared from S. connatum
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aerial parts (ASC) and roots (RSC) with soxhlet

extractor, ultrasound assisted and maceration
methods.
Maceration: The aerial parts and roots of .S

connatum were separately macerated in 70% MeOH
at room temperature for one day, three times and
then filtered. The filtrate was evaporated at 40 °C
temperature with rotary evaporator (Bennour et al.,
2020).

Ultrasound assisted: The aerial parts and roots of .S.

Table 1. The location and extraction yields of .S. connatum
Cizelge 1. S. connatum’un ekstre verimleri ve lokasyon bilgileri

connatum were separately extracted in 70% MeOH
using ultrasonic cleaner for 20 minutes with four
times. After filtration, the filtrate was evaporated at
40 °C temperature with rotary evaporator.

Soxhlet extractor: The aerial parts and roots of S.
connatum were separately extracted using soxhlet
apparatus with 70% methanol for 6 h and then
filtered. Methanol was removed using a rotary
evaporator.In Table 1, the location and extraction
yields of S. connatum are given.

Plant material  Location Part Extraction methods Yield (%)
Bitki materyali Lokasyon Kisim Ekstraksiyon metodlar1  Verim(%)
Soxhlet extractor 24.16
Soxhlet ekstraktori
C4 Adana, Pozanti, Pozanti . ORI SxsIrasiont
. Aerial parts  Ultrasound assisted 22.82
Ulukigla yolu 17. km, roadside . . .
. Toprak tstii  Ultrasonik destekli
slopes, 29.05.2017, S.Dogu 3290 & -
- Maceration 21.4
Y. Baga Maserasyon
S. connatum (C4 Adana, Pozanti, Pozanti Y
Soxhlet extractor 57.26
Ulukigla yolu 17. km, yol kenari o
. Soxhlet ekstraktori
yamaglar, 29.05.2017, S.Dogu 3290 -
& Y. Bagcl) Roots Ultrasound assisted 31.73
Kok Ultrasonik destekli
Maceration 8.07
Maserasyon

Antioxidant assay
Determination of Total Phenolic Content (TPC)

The  spectrophotometric ~ Folin-Ciocalteu  (F-C)
technique was used to evaluate the TPC in the
extracts of S. connatum aerial parts and roots, with
some modifications to Clarke’s et al methods (Clarke
et al., 2013). 10 pL of extract, suitably diluted with
DMSO, were combined with 100 pL of freshly 10-fold
diluted F-C reagent in distilled water. After 5
minutes, 100 pL of Na2C03 were added to the
mixture.

Determination of Total Flavonoid Content (TFC)

The total flavonoid concentration in S. connatum
aerial parts and roots extracts was determined using
the aluminum chloride colorimetric technique (Yang
et al., 2012a). On a 96-well plate, the test solution
(150 uL) produced with ethanol was mixed with 2%
AlCls. In a microplate reader, the absorbance was
measured at 435 nm. On a dry weight basis, the total
flavonoid concentration was estimated as quercetin
equivalent /g extract (mg QE/g).

DPPH radical scavenging activity

Free radical scavenging ability of the extracts was
tested by DPPH radical scavenging assay as described
by Eruygur et al. (2019). In a 96-well plate, 180 uL of
DPPH solution were mixed with MeOH after 20 pL of
test solution. After 15 minutes of incubation in the
dark, the plate was measured at 540 nm with an
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Elisa reader using (Multiscan Sky, USA) (Eruygur et
al.,, 2019). As a positive control, ascorbic acid was
employed. The results were expressed as mean
standard deviation (SD). The findings were expressed
as a percentage of DPPH scavenging efficiency:

% DPPH Scavenging Effect = (Control Absorbance —
Sample Absorbance).”Control Absorbance % 100. (1)

ABTS

According to Re et al, ABTS cation radical
decolorization activity of the extracts was done (Re et
al.,, 1999) with modest modifications. The stock
solution of ABTS+ radical was prepared by allowing
15 mL of 7 mM ABTS and 264 pL of 140 mM
potassium persulfate solution to stand in the dark at
room temperature for 16 h before the assay. The
ABTS working solution was freshly produced by
diluting the stock solution with 80% MeOH and
measuring the absorbance to give 0.70 + 0.02 at 734
nm. Sample solution were combined with ABTS
working solution in a 96-well plate. For comparison of
the ABTS+ scavenging activity, ascorbic acid was
utilized as an antioxidant standard. The following
equation was used to calculate the percent ABTS
scavenging effect:

% ABTS Scavenging Effect = (Control Absorbance —
Sample Absorbance).”Control Absorbance X 100. (2)

Iron-chelating activities

The iron chelating activity of the extracts was



KSU Tarim ve Doga Derg 25 (6): 1216-1224, 2022
KSU J. Agric Nat 25 (6): 1216-1224, 2022

Aragtirma Makalesi
Research Article

assessed by the interaction of ferrozin-Fe?* complex,
according to Chai et al. (Chai et al., 2014). In all, 0.4
mL of 0.2 mM ferrozine, 0.2 mL of 0.1 mM FeSO4, and
0.2 mL of extract in different concentrations were
mixed and incubated for 10 mins at room
temperature. The absorbances were recored at 562
nm. EDTA was employed as a positive control.

Enzyme inhibition assay

Acetylcholinesterase and butrylcholinesterase
inhibition

This experiment was conducted according to the
method fo Ellman et al. with some modifications
(Sinko et al., 2007). At 25 °C, a mixture of 20 pL of
test sample/reference standard, 140 pL of 200 mM
phosphate buffer (PBS buffer) (pH 7.7), 10 nL of 5,5-
ditio-bis-2-nitrobenzoic acid (DTNB), and 20 pL of
enzyme (0.22 U mL! for acetylcholinesterase 0.1 U
mL?! for butyrylcholinesterase produced in PBS
buffer). Following the addition of 10 pL of 0.5 mM
DTNB, 10 nL of substrate (0.2 mM butyrylthiocholine
iodide/ 0.71 mM acetylthiocholine iodide) was mixed
and incubated for another 5 minutes. When the
substrate was added, the absorbance was measured
at 0 and 5 minutes at 412 nm. As a positive control,
galantamine hydrobromide was used. The following
equation was used to express the findings:

% Inhibition= [(Absorbance of controlp-smin —
Absorbance of test sampleo-smin)/Absorbance of
controlp-smin/ %100 (3)

Tyrosinase (TYR)inhibition

20 pL of sample solution was diluted with 80%
methanol, 100 pL of phosphate buffer (0.1 M), and 20
pL of mushroom TYR (250 U mL!) were combined in
a 96 well plate and incubated for about 10 minutes.
After adding 20 pLi of 3 mM L-tyrosine as a
substrate,the mixture was further incubated for 30

RSC with maceration

minutes. The absorbance was measured at 492 nm
(Yang et al., 2012b). Kojic acid was employed as
positive control. The inhibitory effects of the extracts
on mushroom TYR was calculated by the following
formula:

% Inhibition= [(Absorbance of control— Absorbance of
test sample)/Absorbance of control] x100 (4)

RESULTS
Antioxidant activity

The total phenol content of the extracts was
measured as mg gallic acid equivalent (GAE) g1
extract, while mg quercetin equivalent (QUE) g1
extract was used to calculate total flavonoid content.
In Figure 1, total phenol and flavonoid contents of S.
connatum extracts prepared by soxhlet extractor,
ultrasonic assisted extraction, and maceration
procedures are given. While the total phenol content
of the methanol extract with maceration was found as
the highest in the extracts of S. connatum roots,
ultrasonic assisted method was determined as the
highest one in the extracts of S. connatum aerial
parts. The highest phenolic content was detected in
the methanol extract of S. connatum aerial parts
(133,77+6,69 mg GAE g-1) with ultrasonic assisted
method. The methanol extract of the roots of
S.connatum was found to have lower total flavonoid
content than aerial parts using ultrasonic assisted
methods. Among the aerial parts of the plant extracts,
the highest flavonoid content (124.19+4.24 mg QUE g-
1) was determined in the methanol extract prepared
by ultrasonic assisted method. Total flavonoid content
in the aerial parts of the plant extract prepared by
maceration could not be measured because of the the
nondetermination of the absorbance. In addition, it
was measured that the extract of aerial parts has
higher phenolic compounds than the extract of roots.

B Total Phenol Content

RSC with ultrasound assissted

B3 Total Flavonoid Content

RSC with soxhlet extractor

ASC with maceration

ASC with ultrasound assissted

ASC with soxhlet extractor

I
0

1
50 100

1
150

ASC: Aerial parts of S. connatum

RSC: Roots of S. connatum

Figure 1. Total phenol and total flavonoid contents of the methanol extracts of S. connatum
Sekil 1. S. connatum metanol ekstrelerinin total fenol ve flavonoit igerikleri
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The methanol extracts of S. connatum aerial parts
and roots were examined for in vitro antioxidant
activities such as DPPH and ABTS radical scavenging
effects, as well as iron chelating capacities (Table 2).
All antioxidant activity assays were proceeded in
quadruplicate, and the findings were expressed as
mean + standard deviation (SD). Inhibition values of
the extracts were given in Figure 2-4 at different
concentrations. In antioxidant activity on DPPH, ASC
with ultrasound assisted (ICso= 32.28+1.22 pg mL1)
and ASC with maceration (ICs0= 49.63+2.17 ug mL1)
showed the high antioxidant activities. Aerial parts
and root extracts of S. connatum prepared with
soxhlet extractor had the low antioxidant activities
with 15.41, 9.38 % inhibitor values, respectively. The
methanol extracts prepared by maceration and
ultrasonic assisted techniques from S. connatum roots
(IC50=157.65+2.47, 158.40+2.55 ng mL1, respectively),
and aerial parts (ICso= 100.17+5.77 pg mL1; ICs0=
19.18+1.69 ug mL1) have higher iron chelating ability
than the the roots and aerial parts extracts with
soxhlet extractor. When ABTS scavenging activity

was evaluated, ASC and RSC with soxhlet extractor
showed moderate activity, while other extracts
exhibited similar activity using ascorbic acid as a
positive control.

Enzyme inhibition activity

In enzyme inhibition activity assays, the highest
inhibitory activity against both AChE (ICso=
57.47+2.81 ug mL1) and BuChE (ICs0= 38.91+5.31 pg
mL1) was observed in the extract of ASC with
ultrasound assissted. Similar activities against
BuChE were observed in the aerial parts (ICso=
58.53+4.63 pg mL1) and roots extracts (ICso=
58.72+2.44 png mL1) with soxhlet extractor.

Remarkable inhibitory activity was also determineted
against AChE in extracts with soxhlet extractor. and

ICs0 values were found in aerial parts(ICso=
65.83+5.66 ug mL1) and root extracts (ICso=
86.86+13.79 pug mL1), respectively. RSC with

maceration have moderate and lower activity than

Table 2. ABTS, and DPPH radical scavenging effects, and iron chelating activities of the extracts of S. connatum
Cizelge 2. S. connatum ekstrelerinin ABTS ve DPPH radikal stipiiriicii etkileri ve demir selasyon aktiviteleri

Methods ABTS DPPH Iron-chelating activities
Metodlar (Inhibition percentage+ (Inhibition percentagex (Inhibition percentage+
' S.D. %2) ~ 8D.%Y ~ SD.%9
(Inhibisyon Yiizde + S.D.2) (Inhibisyon Yiizde + (Inhibisyon Yiizde +
ICso: pg mL! S.D.2) S.D.2)
166.666 ng mL1b ICs0: pg mLt ICs0' pg mL?
50 ug ml;1b 125 pg ml,s1b
ASC with soxhlet 41.53+3.67 15.41+0.55 8.28+2.60
extractor (ICs0: 187.2+0.85)
Soxhlet ekstraktorii ile
ASC
ASC with ultrasound 85.85+0.20 69.18+2.13 78.56+0.73

assisted
Ultrasonik destekli 1le
ASC

(ICs0: 35.36+2.79)

(ICs0: 32.28+1.22)

(IC50: 19.18+1.69)

ASC with maceration 87.37+1.62 48.90+1.79 59.38+4.91
Maserasyon ile ASC (ICs0: 52.15+3.57) (ICs50: 49.63+2.17) (ICs0: 100.17+5.77)
RSC with soxhlet 52.21+4.38 9.38+1.25 17.08+2.53
extractor (ICs0: 189.37+3.59)

Soxhlet ekstraktorti 1le

RSC

RSC with ultrasound 85.41+0.48 22.18+1.54 40.25+1.70

assisted
Ultrasonik destekli 1le
RSC

(IC50: 96.5+5.39)

(ICs50: 121.87+2.37)

(ICs0: 158.40+2.55)

RSC with maceration 77.10+2.85 19.48+0.61 35.65+2.80
Maserasyon ile RSC (ICs0: 104.3+3.70) (ICs0: 148.25+5.30) (ICs0: 157.65+2.47)
References 87.51+0.17¢ 93.91+0.14¢ 87.06+0.344
Referanslar

aStandard deviation PFinal concentration ¢Ascorbic acid (2 mg mL1) dEDTA (2 mg mL1)
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Figure 2. DPPH radical scavenging activity of the methanol extracts of S. connatum
Sekil 2. S. connatum metanol ekstrelerinin DPPH radikal stiptirticti aktiviteleri

100

ASC with soxhlet extractor
ASC with ultrasound assissted
RSC with soxhlet extractor
ASC with maceration

RSC with ultrasound assissted

RSC with maceration

ABTS % scavenging
o+t kwoo

Ascorbic acid

0 T T T
83,333 166,666 333,333

Concentration(ug/mL)

Figure 3. ABTS radical scavenging activity of the methanol extracts of S. connatum
Sekil 3. S. connatum metanol ekstrelerinin ABTS radikal stiptirticti aktivitelert

100
-e- ASC with soxhlet extractor
80 - ASC with ultrasound assissted
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Figure 4. Iron-chelating activities of the methanol extracts of S. connatum
Sekil 4. S. connatum metanol ekstrelerinin demir selasyon aktiviteleri

other extracts against AChE (ICso= 147.0+11.17 pg had the smallest ICs0 value and was the most
mL1) and BuChE (IC50=144.68+5.19 ug mL). All of effective extract (ICso= 189.90+3.82 pg mL1) than

the extracts showed moderate inhibitory activity other extract.
against TYR. Similar activities were found in S. The ICso values of the extracts are summarized in
connatum root extracts prepared with three different Table 3.

methods. The RSC extract with ultrasound assisted
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Table 3. Enzyme inhibitory activities of the methanol extracts of S. connatum
Cizelge 3. S. connatum metanol ekstrelerinin enzim inhibitor aktiviteleri

Methods AChE BuChE TYR
Metodlar (Inhibition percentage+ (Inhibition percentage+ (Inhibition percentage+
] S.D. %2) ] S.D. %2) ] S.D. %2)
(Inhibisyon Yiizde + S.D.2) (Inhibisyon Yiizde + S.D.2) (Inhibisyon Yiizde + S.D.2)
ICs0: pg mL1 ICs0: ng mL1 ICs0: ug mL1
200 pg mL1P 200 pg mL1P 250 pg mL1 b
ASC with soxhlet 73.83+£3.30 75.54+2.59 46.13+1.96
extractor (ICs0: 65.83+5.66) (ICs0: 58.53+4.63)
Soxhlet ekstraktorti ile
ASC
ASC with ultrasound 93.10+£2.09 83.81+£7.63 34.11+1.02
assisted (ICs0: 57.47+2.81) (ICs0: 38.91+5.31)
Ultrasonik destekli ile
ASC
ASC with maceration 74.68+3.83 69.96+4.60 44.31+2.32
Maserasyon ile ASC (ICs0* 117.3+0.78) (ICs0: 74.83+4.28)
RSC with soxhlet 75.09+8.42 99.82+6.23 54.53+7.58
extractor (ICs0: 86.86+13.79) (ICs0: 58.72+2.44) (ICs0: 213.40+7.92)
Soxhlet ekstraktorti ile
RSC
RSC with ultrasound 83.64+0.90 61.87+2.03 54.49+5.65
assisted (ICs0: 75.90+2.70) (ICs0: 119.10+3.82) (ICs0: 189.90+3.82)
Ultrasonik destekli ile
RSC
RSC with maceration 56.45+4.10 62.83+2.91 54.87+3.78
Maserasyon ile RSC (ICs0: 147.0£11.17) (ICs0: 144.68+5.19) (ICs0: 198.40+3.25)
References 99.10+1.18¢ 84.34+4.85¢ 80.96+0.514
Referanslar

aStandard deviation P Final concentration ¢ Galanthamine hydrobromir ¢ Kojic acid

DISCUSSION

Extraction is a crucial stage in the process of
discovering bioactive components in medicinal plants.
The biological activity of plant extracts differed
significantly depending on the extraction method
used, highlighting the necessity of choosing the right
extraction process (Murugan and Parimelazhagan,
2014). In this study, significant differences were
found in both enzyme inhibition and antioxidant
determinations between plant extracts prepared
using different extraction methods. By evaluating the
yield differences in the extraction methods used, it is
predicted that the content of the extracts may be
different. The yield of the prepared root extraction in
soxhlet extraction (57%) is considerably higher than
the others.

In a study by Minareci et al., the antioxidant activity
of the S. connatum aerial parts extract prepared by
maceration was evaluated by the DPPH radical
scavenging method. DPPH radical scavenging activity
was observed as 92.51 + 0.09% at 1.09 mg mls
iconcentration (Minareci and Kalyoncu, 2012). ABTS
radical scavenging activity, iron chelation activity,
total phenol, and total flavonoid contents studies have
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not been performed on S. connatum before, and they
were conducted for the first time. In this study, the
biological activities of the extracts obtained from
different parts of the S. connatum prepared using
three different methods were evaluated. Total phenol
contents of roots and aerial parts with soxhlet were
lower than extracts prepared with other methods. S.
connatum aerial parts has a much higher total phenol
and total flavonoid content than its roots. For this
reason, S. connatum aerial parts generally may have
been found to be more active in antioxidant activity
assay.

Enzyme inhibition studies have not been performed
on S. connatum and this study was carried out for the
first time. In studies on different Smyrnium species;
it was determined that S olansatrum has low
inhibitory activity against AChE, BuChE, and TYR
(Orhan et al., 2016). In another study, it was
determinated that the methanol extract of S.
cordiifolium have high cholinesterase inhibitory
actitviy (2.92 and 2.64 mg galantamine equivalent/g
extract, for acetyl- and butyrylcholinesterase,
respectively) and good TYR inhibitory activity
(137.54 mg kojic acid equivalent/g extract) (Zengin et
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al., 2019). In this study, it was observed that extracts
of S. connatum aerial parts and roots showed high
inhibition activity against both cholinesterase’s and
moderate inhibition activity against TYR. Also, it was
determined that ASC with ultrasound assisted
extract had the Thighest antioxidant and
cholinesterase inhibitory activity.

CONCLUSION

The biological activity of the aerial parts of S
connatum generally was found to be more active than
its roots. We discovered that the enzyme inhibitors
and antioxidant capacity we investigated were
effective in treating neurodegenerative disorders. As
a result of the enzyme inhibition and antioxidant
activity studies, the S.connatum deserves to
performing further in vivo biological activity and
phytochemical analysis studies.
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ABSTRACT

In many studies, an increase in fruit and vegetable consumption has
been shown to reduce the death rate from age-related diseases such
as coronary heart disease and cancer. For this reason, given the
potential health benefits of natural antioxidants from plants,
investigations on them have increased. Italian bugloss (Anchusa
azurea Mill.), in some regions of Turkey is a plant consumed as a
vegetable and used in traditional medicine therefore it is important
to evaluate the biological activity. In this study, the antioxidant
properties of Italian bugloss (Anchusa azurea Mill.) were
investigated. The antioxidant capacity of water-based lyophilized
extract obtained from air parts was evaluated with ferric ions (Fe3*)
reducing, CUPRAC, FRAP, DPPH®* and ABTS'* scavenging
antioxidant methods. In addition, total phenol and flavonoid contents
were determined. This investigation could be a basis for further

phytochemical investigations of Italian bugloss (Anchusa azurea
Mill.).
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Ttalyan Bugloss (Anchusa azurea Mill) Toprak Ustii Kisimlarmin Liyofilize Su Ekstresinin

Antioksidan Aktivitesi
OZET

Bircok ¢alismada meyve ve sebze tiiketimindeki artisin koroner kalp
hastalign ve kanser gibi yasa bagli hastaliklardan 6lim oranim
azalttigr gosterilmistir. Bu nedenle, bitkilerden elde edilen dogal
antioksidanlarin potansiyel saghk yararlar1 géz 6niine alindiginda,
bunlarla ilgili arastirmalar artmistir. Italyan bugloss (Anchusa
azurea Mill.), Tiirkiyenin bazi bolgelerinde sebze olarak tiiketilen ve
geleneksel tipta kullanilan bir bitkidir, bu nedenle biyolojik
aktivitesini degerlendirmek o6nem tasimaktadir. Bu c¢alismada,
Italyan bugloss'un antioksidan o6zellikleri arastirilmistir. Toprak
ustli kisimlarindan elde edilen liyofilize su ekstresinin antioksidan
kapasitesi demir iyonlarim1 (Fe3*) indirgeyici, CUPRAC, FRAP,
DPPH* ve ABTS** stipurici antioksidan yontemleri ile
degerlendirildi. Ayrica toplam fenol ve flavonoid igerikleri de
belirlendi. Bu arastirma, Italyan bugloss’'un (Anchusa azurea Mill.)
daha ileri fitokimyasal incelemeleri igin bir temel olusturabilir.
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INTRODUCTION Africa (Baghiani et al., 2013; Ceramella et al., 2019).

The Anchusa genus Dbelongs to the family
Boraginaceae (Chamberlain, 1978; Ceramella et al.,
2019). Anchusa azurea (A. azurea), also known as
‘Hamham’ in some regions, is widely distributed in
the Mediterranean region, especially in Algeria and
Morocco, as well as in Southern Europe and North

Anchusa species are used in the treatment of
arthritis, stomach diseases, rheumatism, antitussive,
open wounds and cuts, as well as a diuretic agent, in
traditional medicine (Uz et al., 2010; 2012; Baghiani
et al., 2013; Ceramella et al., 2019). Furthermore A.
azurea is used as a pomade to treat burns (Uz et al.,
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2012; Baghiani et al., 2013). Antioxidant, anticancer,
antibacterial and antifungal activity has been
observed in studies conducted on some Anchusa
species (Uz et al., 2012; Hu et al., 2020). In some
study, it was reported that A. azurea have both
protective and therapeutic effects on ulcers (Uz et al.,
2010; 2012). Anchusa genus is represented by 15
species in the flora of Turkey (Chamberlain, 1978). A.
azurea, popularly known as ‘tort’, is also known as
‘ballik otu’ and ‘sigirdili’ in different regions, In
Turkey. The leaves of A. azurea are consumed as a
vegetable in many regions of Turkey. The leaves are
boiled and roasted with onions, especially in spring
and summer, and consumed as food, used in pastries.
The root bark is grinded together with wheat and
used in the treatment of inflamed wounds. It is useful
against wild plant poisoning (Murathan & Ozding,
2018).

Since ancient times, people primarily benefited from
plants in order to obtain nutrients and eliminate
health problems (Gulcin et al., 2006; Kéksal & Gulcin,
2008; Tohma et al.,, 2016a). Especially Anatolian
people used plants for food and medicinal purposes
(Murathan & Ozding, 2018). In recent years, new
herbal compounds have been studied extensively for
their potential to treat many diseases without any
side effects (Hussain et al., 2019). Experimental
animal studies have shown that plant extracts could
have lower toxicity than synthetic drugs. This is one
of the most important advantages of herbal medicines
(Uz et al., 2012).

Oxidation 1s essential for many living organisms to
generate energy to fuel biological processes (Gulcin,
2012). But, uncontrolled production of oxygen-induced
free radicals plays a role in the formation of many
diseases such as cardiovascular disorders, cancer,
Alzheimer’s disease, Parkinson’s disease, nervous
disorders, alcohol-related liver disease, ulcerative
colitis, atherosclerosis and degenerative processes
associated with aging (Wong et al., 2006; Baghiani et
al., 2013; Aliyazicioglu et al., 2018). A nutritious diet
which 1s rich in antioxidant compounds for health is
important (Tohma et al., 2016b; Altay et al., 2018)
because of their roles in preventing many
neurodegenerative diseases, cancer, Parkinson’s,
Alzheimer’s diseases and cardiovascular diseases
(Baghiani et al., 2013; Bursal et al., 2019). Various
synthetic antioxidants are currently widely used.
However, there are doubts that these compounds
have toxic and carcinogenic effects (Gulcin et al.,
2010a). which has accelerated the attempts to
discover natural and safer sources of antioxidants
that will constitute an alternative to synthetic
antioxidants in foods (Gulcin, 2006; 2007; Huo et al.,
2011).

In this study, the antioxidant capacities of lyophilized
water extract of aerial part of Italian bugloss
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(Anchusa azurea Mill.) (WEAA) were determined by 5
different in vitro antioxidant activity methods as;
ferric ions (Fe3*) reducing, cupric ions (Cu2*) reducing
capacity (CUPRAC), Fe3*TPTZ reducing capacity
(FRAP), DPPH and ABTS radical scavenging
methods. Furthermore, total phenol and flavonoid
contents were also investigated.

MATERIALS and METHODS
Chemicals
Compounds which are used for antioxidant activity

suchlike neocuproine (2,9-dimethyl-1,10-
phenanthroline), 1,1-diphenyl-2-picryl-hydrazyl
(DPPH), ascorbic acid, 2,2-azino-bis3-

ethylbenzthiazoline-6-sulfonic acid (ABTS), BHT
(butylated hydroxytoluene), 3-(2-pyridyl)-5,6-bis (4-
phenyl-sulfonic acid)-1,2,4-triazine (Ferrozine), a-
tocopherol and trichloroacetic acid (TCA) were
obtained from Sigma (Sigma-Aldrich GmbH,
Sternheim, Germany). Ammonium thiocyanate and
all other chemicals used were of analytical grade and
obtained from either Sigma-Aldrich or Merck.

Collection and Identification of the Plant Material
Italian bugloss (Anchusa azurea Mill. var. azurea)
was collected from Beytlissebap, Sirnak, in July 2019
(Location: 37°36'31.0"N  43°13'14.3"E; Herbarium
code: M.P 16520). The plant was identified by
botanist Dr. Stleyman Mesut PINAR, Van Yuzunca
Y1l University, Faculty of Health Sciences,
Department of Nutrition and Dietetics. Plant samples
were deposited at Van Yizinci Yil University,
Faculty of Science, Herbarium of the Biology
Department (VANF), Van, Turkey.

Preparation of Lyophilized Water Extract

To prepare WEAA, 25 g aerial parts were taken from
the shade-dried Italian bugloss (Anchusa azurea
Mill.) and finely powdered in a grinder, boiling with
400 mL distilled water for 15 minutes in a magnetic
stirrer then, it is lyophilized in a (Labconco, Freezone
1L) brand lyophilizer at -50°C at of 5 mm-Hg a
pressure setting, the yield of the extract was found as
1.08 % and stored at —20 °C until use. (Gulcin 2005;
Gulcin et al., 2008).

Radical Scavenging Methods

DPPH" scavenging activity

For evaluating the DPPH" scavenging potential of the
extract, the concentration of WEAA and standard
antioxidants were prepared as 10-30 pg mL! and 1
mL of DPPH' (0.1 mM) was added to each sample.
After 30 minutes of incubation, absorbance was
recorded at 517 nm (Blois, 1958; Taslimi et al., 2020).

ABTS *scavenging activity
The method in a previous study was used to
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determine the ABTS'* scavenging effects of WEAA
(Bingél & Bursal, 2018). First, 2.45 mM persulfate
solution was added to 2 mM ABTS solution to
generate ABTS radicals. The absorbance of the
ABTS * radical control solution was adjusted to 0.750
+ 0.025 nm at 734 nm with a phosphate buffer of 0.1
M and pH 7.4. Then 1 mL of ABTS* solution was
added to different WEAA concentrations and after 30
minutes incubation absorbances were recorded at 734
nm (Gulcin et al., 2005; Gulcin et al., 2011; Huyut et
al., 2017).

Reducing Ability Assay

Fe3* Reducing Ability

The Fe3* reducing ability of WEAA was carried out by
the Fe3*(CN")¢—Fe2*(CN')s reduction procedure. In this
method, the reducing capacity of a Dbioactive
compound can be measured by direct reduction of
Fel(CN)els to Fel[(CN)sla. As a result, the Prussian
blue complex of Perl, which has a strong absorbance
at 700 nm, leads to the formation of Fes[Fe(CN-)els
(Gulein, 2015).

Fe(CN)¢3 + AH — Fe(CN)6* + A- + H,

Fe(CN)e* + + Fe3* — Fes[Fe(CN)s #]s + A- + H*
(Gulein, 2020).

Briefly, different concentrations of WEAA (10-30
lg/mL) in 0.75 mL of deionized water were added to
1mL of phosphate buffer (0.2 M, pH 6.6) and 1 mL of
potassium ferricyanide [KsFe(CN)s| (1%). The mixture
was incubated at 50 °C for 20 min. After the
incubation period, TCA was added (1 mL, 10%). Last,
a portion of FeCls (0.5 mL, 0.1%) was transferred to
this mixture and the absorbance value was
spectrophotometrically recorded at 700 nm. A
decrease in absorbance indicates increased ferric
reducing power (Gulcin et al., 2003; Koksal & Gulcin,
2008; Gulcin et al., 2010b; Bursal & Gulcin, 2011).

CUPRAC Test

To determine the CUPRAC of WEAA, Apak et al.
(2006) method was applied with some changes.
Briefly, 0.25 mL of 10 mM copper (II) chloride
solution, 0.25 mL of 7.5 mM ethanolic neocuproine
solution and 0.25 mL of 1.0 M ammonium acetate
buffer solutions were added to a test tube and mixed
with 0.25 mL of different concentrations (10-30
ng/mL) of WEAA. The total volume was completed
with distilled water to 2 mL followed by vigorously
shaking. The tubes were stoppered and kept at room
temperature. Absorbance was measured at 450 nm
against a reagent blank after 30 min of incubation.
Increased absorbance indicates increased Cu2t—Cut*
reduction (Ak & Gulcin, 2008; Erkan et al., 2008).

FRAP Test
FRAP is based on the reduction of a colorless Fe3*
TPTZ complex to intense blue Fe2+TPTZ when
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interacting with a potential antioxidant. This method
is useful for comparing the effectiveness of
antioxidant capacities of different compounds (Spiegel
et al., 2020). TPTZ solution (2.25 ml, 10 mM TPTZ in
40mM HC]) was freshly prepared and transferred to
FeCls (2.25 ml, 20 mM) and acetate buffer (25 ml, 0.3
M, pH 3,6) solution (Bursal et al., 2019). Different
concentrations (10—30 lg/mL) of WEAA were dissolved
in 5 mL of appropriate buffer, vortexed and incubated
for 30 min. At 37°C. The increased absorbance was
measured at 593 nm (Kose et al., 2015; Aksu et al.,
2016).

Determination of Total Phenolics and Flavonoids
Concentration

The total amount of phenolic found in WEAA was
performed as previously described by Koksal et al.
(2008). 1 mg of WEAA was diluted with 23 ml of
distilled water. 0.5 ml of Folin-Ciocalteau reagent was
added to the volumetric flask, followed by 1.5 ml of
2% Naz2COs solution after 3 minutes. The mixture was
then allowed to stand for 2 hours with intermittent
shaking. The absorbance of the samples was read at
760 nm. Transactions were carried out in triplicate.
Distilled water was used instead of sample for control
(Koksal et al., 2008). Gallic acid was used as a
standard and the amount was determined as gallic
acid equivalent (GAE) (Gulcin et al., 2004).

The determination of total amount of flavonoids found
in WEAA was made according to the method applied
by Park et al. (1997). 1000 ng of extract was diluted
with 4.3 ml of 80% aqueous ethanol solution
containing 0.1 ml (1 M) CHsCOOK and 0.1 ml (10%)
Al (NOs)s solutions. After 40 minutes incubation at
room temperature, their absorbance at 415 nm was
recorded. Quercetin is used as a standard and
quantity was determined as microgram quercetin
equivalent (QE) from the equation obtained from the
standard quercetin plot (Eruygur et al., 2019).

Statistical Analyses

The results of the experiments were determined by
averaging the triplicate analyses. For statistical
analysis one-way analysis of variance (ANOVA) test
was used. Differences between groups were made
with Duncan’s correction. Statistical significance level
was taken as p<0.05; p<0.001 was very significant
and SPSS statistical software version 19.0 (SPSS Inc,
Chicago, III, USA) package was used for analysis.

RESULTS and DISCUSSION

According to the methods of DPPH radical scavenging
activity, the antioxidants reduce the DPPH", and the
specific purple color of the radical solution turns
yellow, which can be observed with a decrease in
absorbance (Gadow et al., 1997; Gulcin, 2020). DPPH"*
scavenging activities of WEAA and positive controls
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were investigated. Also, ICso values of both extract
and standard antioxidants were determined. The ICso
(ng/mL) values WEAA and standard antioxidants
demonstrated in following order: Ascorbic acid
(17.325 + 0.004, r2 0.9509) < a-Tocopherol (30.130 +
0.043, r2: 0.9578) < BHT (38.500 + 0.023, r2: 0.9858) <
WEAA (231.0 £ 0.059, r2: 0.9926) (Table 1 and Figure
la). The lower ICso values demonstrate an effective
DPPH"* scavenging activity. Ascorbic acid was found
to have the most effective DPPH* scavenging activity
when considering other samples. When we examine
the results of previous studies, DPPH radical
scavenging activity of the extracts prepared from A.

azurea aerial parts with distilled water was
determined in only one study and the ICso has been
found as 88.65 mg mL (Uz et al., 2010). In the study
of Conforti et al (2011), 70% aqueous ethanol extract
of the flowers of A. azurea was used and the ICso of
the DPPH" scavenging activity found as 84 + 1.3 ug
ml . When we evaluate all the results together with
the WEAA results, we see that the ICso values are
quite high in all studies in general. The results of this
study consistent with the literature and it was
determined that the Italian bugloss (Anchusa azurea
Mill.) water extract has a low effective DPPH"
scavenging activity.

Table 1. Determination of ICso (ug/mL) values for DPPH" and ABTS"* scavenging activity
Cizelge 1. DPPH* ve ABTS"* giderme aktivitesi icin ICs0 (ug/mL) degerlerinin belirlenmesi

Antioxidants DPPH" scavenging ABTS *scavenging
1Cso (ng/mL) ‘ 12 1Cso0 (ng/mL) ’ 12
Ascorbic acid 17.325 + 0.004 0.9509 7.533 £ 0.037 0.9519
BHT 38.500 £ 0.023 0.9858 5.824 £ 0.011 0.9539
a-Tocophero . +0. . . +0. .
T herol 30.130 = 0.043 0.9578 8.058 £ 0.008 0.9606
WEAA 231.0 + 0.059 0.9926 16.500 + 0.005 0.9710
—#— Ascorbic acid
L5 (1a) DPPH’ scavenging activity —a—om .cmer
B WEAA
L - -
€1,0
c
~
&
[}
£0,5
o)
S
3
<
0,0
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Concentration (ug mL™?)
—4@— Ascorbic acid
(1b) ABTS™ scavenging activity 3=
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I
c
0,5
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Figure 1. Radical scavenging activity of WEAA (DPPH free radical and ABTS cation radical scavenging methods)
Sekil 1. WEAA'nin radikal giderme aktivitesi (DPPH serbest radikal ve ABTS katyon radikal giderme

yontemlerr)
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According to ABTS cation radical scavenging activity
methods, a stable form of the radical is produced in
the experiment and form blue-green ABTS'* by
reacting with an antioxidant, and decolorization
indicates the rate of ABTS* inhibition (MacDonald-
Wicks et al., 2006). The ICso (ug/mL) values of ABTS"+
scavenging for WEAA and standard antioxidants
were determined in following order: BHT (5.824 +
0.011, r2 0.9539) < Ascorbic acid (7.533 + 0.037, r2
0.9519) < a-Tocopherol (8.058 = 0.008, r2 0.9606) <
WEAA (16.500 + 0.005, r2: 0.9710) (Table 1 and
Figure 1b). It was found that WEAA has an efficient
ABTS* scavenging activity in a concentration-based
way (10-30 pg/mL) and differences have been found
statistically significant (p<0.001). In the literature
search, no publication was found in which ABTS"*
scavenging activity was measured in A. azurea
extracts, this work provides a reference.

The antioxidant profile of lyophilized water extract of
Italian bugloss (Anchusa azurea Mill.) has been
characterized using the ferric ions (Fe3*) reducing,
CUPRAC and FRAP assays, as shown in Table 2 and
Figure 2. Reduction capacity is an important factor in
determining whether a molecule has antioxidant
activity (Meir et al., 1995). According to the study, the
concentrations of positive controls and WEAA were
increased steadily (10-30 pg mL1). The reducing
power of WEAA and positive controls were as follows:
Ascorbic acid (1.540 + 0.014, r2: 0.9998) > BHT (1.198
+ 0.038, r2 0.9997) > a-Tocopherol (0.939 + 0.083, r2:
0.9984) > WEAA (0.150 + 0.017, r2 0.9787) (Table 2
and Figure 2a). The results demonstrated that
lyophilized water extract of A. azurea had marked

ferric ions (Fe3*) reducing ability (p<0.001) (Table 2).
However, this reducing power was lower than the
standard antioxidants. The CUPRAC of 30 mg/mL
concentration of WEAA and positive controls are
demonstrated in Table 2 and Figure 2b.

The CUPRAC of WEAA and positive controls were
measured depending on the concentration of (10-30 ng
mL1) and were as follows: BHT (1.003 + 0.151, r2
0.9987) > a-Tocopherol (0.780 = 0064, r2: 0.9938)>
Ascorbic acid (0.496 + 0.029, r2: 09861) > WEAA
(0.211 + 0.029, r2: 0.9820). The last method studied in
this regard is the FRAP method. The FRAP of WEAA
and standard antioxidants decreased in the following
order: Ascorbic acid (1.221 + 0.054, r2: 0.9891) > BHT
(0.820 + 0.028, r2 0.9908) > a-Tocopherol (0.700 =+
0.023, r2: 0.9816) > WEAA (0.376 + 0.014, r2: 0.9327)
(Table 2 and Figure 2c). According to the method,
higher absorbance values represent the higher
reduction ability of the Fe3*TPTZ complex.
Furthermore, WEAA demonstrates effective FRAP
reduction ability (p<0.001) (Table 2). In the literature
search we came across only one study that includes
the reducing abilities of A. azurea. In this study
which conducted by Morales et al. (2014), the result of
Fe3+Fe2* reducing power was found as (ECso: 0.01 mg
mL1) in the methanol extract of A. azurea. In
conclusion, it has been determined that evaluated by
using different antioxidant activity assays, the
lyophilized water extract of Italian bugloss’s (Anchusa
azurea Mill.) aerial part had a value of antioxidant
activity which is close to the standard antioxidants.
On the other hand, standard antioxidants have
showed the best results.

Table 2. The reducing abilities of WEAA and standard antioxidants at the same concentration (30 pg/mL)
(Cizelge 2. WEAA ve standart antioksidanlarin ayni konsantrasyondaki (30 ug/mlL) indirgeme yetenekleri)

. Fe3*Fe?t reducing*® CUPRAC* FRAP*
Antioxidants
A700 (am) ‘ r2 A 450 (am) ‘ r2 A 593 (am) ‘ r2
Ascorbic acid 1.540 = 0.014a 0.9998 0.496 + 0.029c 0.9861 1.221 + 0.054a 0.9891
BHT 1.198 £ 0.038b 0.9997 1.003 £ 0.151a 0.9987 0.820 + 0.028b 0.9908
a-Tocopherol 0.939 +0.083c 0.9984 0.780 = 0.064b 0.9938 0.700 = 0.023c¢ 0.9816
WEAA 0.150+0.017d 0.9787 0.211 + 0.029d 0.9820 0.376 +£0.014d 0.9327

*Different letters in the same column indicate statistically significant difference between the means (p<0.001 regarded as

significant).

Many biologically active phytochemicals such as
phenolic compounds and flavonoids and phenolic
constituents, are the major components of plants,
which show antioxidant activity (Baghiani et al.,
2013; Cakmak & Gulcin, 2019). Plants which contain
phenolic compounds and flavonoids are beneficial for
human health due to their antiallergic, anticancer,
anti-viral, antioxidant, and antimicrobial properties
(Boussoualim et al., 2015; Bursal et al., 2019).
Secondary metabolites can protect against oxidative
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reactions because of their antioxidant properties such
as hydrogen donor functions, reducing activity or
metal chelating activity (Bursal et al., 2019).

Flavonoids are also known to be potent inhibitors of
various enzymes, including xanthine oxidase,
cyclooxygenase and lipoxygenase (Lin et al., 2002;
Boussoualim et al., 2015). The content of total
phenolic and flavonoid compounds in WEAA was
found to be 18.18 + 0.3 ng GAE and 12.42 + 0.5 ng
QE, respectively (Table 3). It was shown that there is
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a positive correlation between total phenolic and
flavonoid contents in WEAA and antioxidant
activities. Baghiani et al. (2013) investigated the
aerial parts’ water extract of A. azurea and they
found the total phenol and flavonoid content as 32.77
+ 0.59 mg GAE gE1 and 1.32 + 0.33 mg QE gE1,
respectively. In a study conducted in 2015, A. azurea
was extracted with 70% aqueous ethanol and the
amount of total flavonoid was found as 0.9 £ 0.1 mg g-
1 (Marrelli et al, 2015). In another study, 70%

(2a) Fe3*- Fe?*Reducing

1,6
€1,2
c
o
S
80,8
c
3
£0,4
3
< = ]
0,0
0 10 20
Concentration (ug mL?)
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3
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0
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0,0
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E
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Sl
3
c
3
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<
0,0
0

10 . 20
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aqueous ethanol extract of the flowers of A. azurea
was used and the and the total phenolics content was
found as 85.5 + 1.3 Chlorogenic acid equivalents (mg
g-1) (Conforti et al., 2011). The results obtained in
the previous studies mentioned above were found to
be sometimes higher and sometimes lower than
results of this study. The reason for this is thought to
be due to differences in ecological and soil structure of
the region where the plant is grown, analysis
methods, solvents and extraction conditions.

—4&— Ascorbic acid

—@— BHT

—a— o-Tocopherol
#— WEAA

30

—— Ascorbic acid

—— BHT

—&— a-Tocopherol
#— WEAA

30

—4#— Ascorbic acid

—@— BHT

—&— a-Tocopherol
@®— WEAA
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Figure 2. The reducing abilities of WEAA and standard antioxidants at the same concentration (30 pg mL1)
(Sekil 2. WEAA ve standart antioksidanlarin ayni konsantrasyondaki (30 ug mL") indirgeme yetenekleri)
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Table 3. The total phenolic and flavonoid contents of

WEAA
Cizelge 3. WEAAnin toplam fenolik ve flavonoit
Igerigi
Total phenolics Total flavonoid
(GAE ng mL1 (QE pg mL1
extract) extract)
WEAA 18.18 £ 0.3 12.42 £ 0.5
CONCLUSION
In conclusion, this study provides important

information about the phytochemical properties and
bioactivity of Italian bugloss (Anchusa azurea Mill.)
through the determination of its antioxidant capacity
and phenolic and flavonoid contents. The results
showed that Italian bugloss (Anchusa azurea Mill.)
has an effective antioxidant activity and also includes
high phenolic and flavonoid content. In addition, it
was observed that there was a statistically significant
difference between the group averages. These results
support the potential use of Italian bugloss (Anchusa
azurea Mill.) as a natural source of antioxidants and
may be a basis for further phytochemical studies.
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ABSTRACT
Turkish yarrow (Achillea gypsicola Hub. Mor.) contains medicinally

Agricultural Biotechnology

valuable bioactive metabolites. Light plays a key role in many Research Article
physiological events in plants such as the accumulation of : :
phenylpropanoid metabolites, particularly photosynthesis. The aim Artlc.le Hlstory.

of this study was to determine the effects of light on the biosynthesis Received : 22.04.2021
of phenylpropanoid metabolites and biomass growth in Turkish Accepted +07.12.2021
yarrow cell suspension cultures. /n vitro plantlets obtained from R

seeds were used as explant sources and cell cultures of A. gypsicola
were established using stem segment-derived callus tissues. Then, 8-
day-old cell cultures kept in a B5 medium supplemented with 0.5
mg/L. BA (benzylaminopurine)+0.5 mg/L. NAA (naphthalene acetic
acid) were incubated in light and dark environments. Cells were
harvested five times (1st, 2nd 3rd 6th and 12th day) in total. The
amount of camphor was determined by gas chromatography-mass
spectrometry (GC—-MS). Other parameters were calculated using the
spectrophotometric method. The total phenolic amount increased
depending on the sampling time in dark and light conditions.
Phenolic accumulation was increased by 29.25% compared to the
initial culture. Also, light application increased the amount of
camphor 1.12 times, the amount of flavanol 4.9 times, and the
amount of flavonol 0.5 times. These results clearly demonstrate the
effect of light on cell growth and phenylpropanoid metabolite
accumulation in A. gypsicola cell cultures.

Abiotic elicitor
Bioactive compounds
Callus culture
Secondary metabolites

Tirk Civanpercemi (Achillea gypsicola Hub. Mor.) Hiicre Siispansiyon Kiiltiirlerinde Fenilpropanoid
Metabolitlerin Isik Araciligiyla Biosentezi

OZET
Tiirk civanpercemi (Achillea gypsicola Hub. Mor.) tibbi acidan

Tarimsal Biyoteknoloji

degerli metabolitler icerir. Isik, bitkilerde basta fotosentez olmak Aragtirma Makalesi

uzere fenipropanoid metabolitlerin birikimi gibi birgok fizyolojik

olayda kilit bir rol oynar. Bu calismanin amaci, 1s181n Tirk Makale Tarihgesi
civanpergemi hiicre suspansiyon kiultirinde fenilpropanoid Gelig Tarithi  :22.04.2021
metabolitlerin biyosentezi ve biyokiitle artigs1 tizerindeki etkilerini Kabul Tarihi :07.12.2021
belirlemektir. Tohumlardan elde edilen in vitro bitkicikler eksplant

kaynag1 olarak kullanilmig ve govde segmentinden turetilen kallus Anahtar Kelimeler
dokularindan hiticre kultirleri olusturulmustur. Daha sonra, 0.5 Abiyotik elisitor

mg/L BA (benzilaminopurin)+0.5 mg/L NAA (naftalen asetik asit) ile Biyoaktif bilesikler

desteklenmis B5 ortaminda muhafaza edien 8 gilinlik hicre
kilturleri, aydinlik ve karanlhk ortamlarda inkiibe edilmistir.
Toplamda bes kez (1, 2, 3, 6 ve 12. giin) hiicre hasad1 yapilmistir.
Kamfor miktar: gas chromatography-mass spectrometry (GC-MS) ile
belirlenmigtir. Diger parametreler spektrofotometrik yontem
kullanilarak hesaplanmigtir. Toplam fenolik miktari karanhk ve
aydinlik kogullarda o6rnek alma zamanina bagh olarak artig
gostermigtir. Fenolik madde birikimi baslangic kiltiirine gore
%29.25 artmigtir. Isik uygulamasi kamfor miktarimi 1.12 kat,

Kallus kultara
Sekonder metabolit
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flavanol miktarimi 4.9 kat ve flavonol miktarini 0.5 kat artirmistir.
Bu sonuclar bize A. gypsicola hiicre kiultirlerinde 1s181n hicre
buiytimesi ve sekonder metabolit birikimindeki etkisini agik¢a ortaya

koymustur.

Atif Sekli:

Acikgdéz MA, Bati-Ay E, Aygiin A, Kara M 2022. Tirk Civanpercemi (Achillea gypsicola Hub. Mor.) Hiicre

Stispansiyon Kiiltirlerinde Fenilpropanoid Metabolitlerin Isik Aracilifiyla Biosentezi. KSU Tarim ve Doga
Derg 25 (6): 1234-1242. https://doi.org/10.18016/ksutarimdoga.vi.926160

To Cite : Acikgoz MA, Bati-Ay E, Aygin A, Kara M 2022. Light-mediated biosynthesis of phenylpropanoid
metabolites in cell suspension cultures of Turkish yarrow (Achillea gypsicola Hub. Mor.). KSU J. Agric Nat
25 (6): 1234-1242. https://doi.org/10.18016/ksutarimdoga.vi.926160

INTRODUCTION instability of SPA1 and SPA2 proteins, which are

Achillea gypsicola Hub. Mor. is an important herb
with medicinal properties such as antimicrobial and
anticarcinogenic activities (Saeidnia et al., 2011). A.
gypsicola essential oil was composed of various
volatile compounds, and the main compounds in A.
gypsicola essential oil were borneol, camphor, and
1,8-cineole (Acikgdz, 2019; Acikgsz, 2020).Camphor

terpene has potential benefits for health in
antimicrobial (antibacterial, antifungal, antiviral),
antitussive, antinociceptive, antimutagenic,

anticarcinogenic, and cardiovascular terms (Edris,
2007; Lin et al., 2007; Cheng et al., 2009; Zuccarini,
2009; Abdel-Rahman et al., 2015). The contents and
components of these compounds differ according to
several factors such as diseases, used plant parts,
growing stage, harvesting time, soil, and climate
conditions (Acikgoz, 2019; Acikgdz, 2020). Therefore,
there is a need to develop some methods to support
the production of high-value bioactive metabolites in
terms of quantity and quality. Among these methods,
plant cell culture techniques to be used for secondary
metabolite production is of great importance (Bat1 Ay
et al., 2022). Further, plant cell cultures reduce the
demand for expensive chemicals due to their simple
extraction methods. Various strategies can be used to
develop valuable secondary metabolite products in
plant cell cultures. It is known that biotic and abiotic
stress factors are used especially to initiate or
increase the synthesis of phenylpropanoid metabolites
(Acikgoz, 2021; Daglioglu et al., 2022).

Among abiotic stress factors, light is one of the most
significant environmental factors that regulate the
growth, development, and metabolism of plants. Light
is not only effective in photosynthesis, growth, and
development, but also has a significant function in
the Dbiosynthesis of primary and secondary
metabolites by increasing phenylalanine ammonia-
lyase (PAL) in cell cultures (Khan et al., 2013;
Murthy et al., 2014).

The reactions of plant cells to light occur through the
interactions of the main photomorphogenic
1/suppressor of phytochrome A (COP1/SPA) proteins
associated with pokeweed antiviral protein (PAP). In
the dark, these two proteins are suppressed by
ubiquitin ligase. In light environments, it causes
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among the SPA proteins, thus causing the COP1
protein to be more active (Liu et al., 2011; Zuo et al.,
2011; Weidler et al., 2012). This causes various
metabolic activities such as the biosynthesis of
chlorophyll and anthocyanins as well as development
and growth responses such as phototropism and
flowering induction (Kami et al., 2010).

Light also plays an active role in the generation of
important phytochemicals in most medicinal plant
species. Many phenolic compounds, cinnamic acid,
flavonoids, anthocyanins, and caffeic acid derivatives
cichoric, caftaric, chlorogenic, and caffeic acid in
plants are produced by PAL initiated
phenylpropanoid pathway (Shohael et al., 2006;
Sreelakshmi and Sharma, 2008). In previous studies
(Zhao et al., 2010; Ali and Abbasi, 2014; Tariq et al.,
2014; Georgieva et al., 2015; Ahmad et al., 2016;
Acikgdz et al., 2018), it has been shown that light
conditions increase the dry weight of the cell, total
phenolic, anthocyanin, flavanol, and flavonol
compared to dark conditions. This study was
conducted to determine the effect of light on
phenylpropanoid metabolite production in cell
cultures of A. gypsicola.

MATERIAL and METHOD
Plant material

As plant material, seeds of A. gypsicola, endemic to
Turkey, collected from native flora are used. A.
gypsicola plants were detected in the hills on the
right side of “Corum-—Iiskilip” at the 26th and 47th
kilometers and plant samples were taken for species
identification. The plant samples were subjected to
the herbarium and kept in room conditions until
identification. Species diagnosis was made by Prof.
Dr. Hayri Duman, Gazi University, Faculty of
Science, Department of Biology.

Callus establishment

In vitro plantlets obtained from these seeds were used
as explant sources and cell suspension cultures of A.
gypsicola were established using stem segment-
derived callus tissues (Acikgoz, 2017). The cultures
were maintained in a B5 medium supplemented with
0.5 mg/LL benzylaminopurine+0.5 mg/LL naphthalene



KSU Tarim ve Doga Derg 25 (6): 1234-1242, 2022
KSU J. Agric Nat 25 (6): 1234-1242, 2022

Aragtirma Makalesi
Research Article

acetic acid and grown in three 250 mL Erlenmeyer
flasks containing 50 mL of liquid medium and 2.5 g of
green fragile calluses. Then, they were cultured on a
rotary shaker at 105 rpm at 25 °C and a light/dark
photoperiod 16/8.

Treatment of light

After the cell cultures were placed in a shaker at an
average speed of 105 rpm, they were kept at 25 °C
and under continuous light of an average of 8.000 lux
for different periods. The control group was cultured
at 25 °C in dark conditions. For the light application,
sampling was done five times, starting from the 1st
day to the 2nd 3rd 6th) and 12th days, and the 1st-day
sampling was done 8 h after the application.

Sample extraction

The extraction was done based on the method of
Abbasi et al. (2012). Briefly, 2 g of the crushed
samples were taken and 10 ml of 96% ethanol was
added. After 2 min of mixing in the homogenizer, they
were kept in a water bath at 45°C for one night. At
the end of this period, the samples were centrifuged
at 4000 rpm for 5 min and the supernatant part
containing phenolic compounds was removed and
evaporated in a rotary evaporator until completely
dry at 75°C.

Determination of cell number

Cell number was determined according to Moscatiello
et al. (2013) with the following formula:

acn= %c40i=1-20 df

acn: average cell number

c¢: cell number

df: dilution factor

Determination of dry cell weights

It was obtained by weighing the filtered cells after
being kept in the drying oven at 55 °C for 48 h.

Determination of total phenolic content

The extracts evaporated in a rotary evaporator were
dissolved in 1 ml of methanol and used in the
phenolic compound analysis. Analysis was performed
using the Folin Ciocalteu reagent based on the Chan
et al. (2007) method. Spectrophotometer readings
were carried out at a wavelength of 765 nm, and the
total phenolic compound amounts were determined as
gallic acid equivalent mg/g fresh cell weight using the
curve prepared from the standard gallic acid solution.

Determination of total flavanol content

The dimethylamino cinnamaldehyde method used by
Sun et al. (1998) was used to determine the total
flavanols in cell suspension cultures. The readings
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were carried out in the spectrophotometer at 640 nm
wavelength. The results were determined as mg/g
fresh cell weight as the equivalent of catechin by
using the curved prepared from the catechin
standard.

Determination of total flavonol content

Total flavonol analysis was made according to the
method used by Kumaran and Joel Karunakaran
(2007), using the Neu solution. Accordingly, after
adding a mixture of 1% 2-aminoethyl
diphenylborinate solution and methanol to the
extracts and mixing thoroughly, the absorbance
values at 410 nm were determined. The amount of
total flavonols was determined as mg/g fresh cell
weight as a routine equivalent by using the curve
prepared from the routine standard.

Determination of total anthocyanin content

Antochyanin analyzes were carried out using
Mcllvain’s buffer (pH=3) according to the method
used by Giusti and Wrolstad (2000). The readings in
the spectrophotometer were made at a wavelength of
570 nm and the anthocyanin amounts were calculated
as color values and the results were given as CV/g
fresh cell weight.

Determination of camphor content

Camphor compound was determined by GC-MS
device in the study. For Headspace GC-MS analysis,
Shimadzu QP2010 Ultra GC-MS was integrated into
the device and Shimadzu AOC-5000 plus autosampler
was used. Capillary column separation was
determined by RTX-5M 30m. The camphor standard
was given to the device first for analysis. The mass
fragments and retention time of the compound were
determined. the precision of the work and to increase
the accuracy, 9 major ion peaks were selected. Later
camphor the calibration curve of the compound was
drawn and the amount of the sample was determined

as pg/g.

Statistical analysis

One way factor analysis of variance was used to
evaluate the data. Different averages were
determined with the Tukey test and the results were
expressed in the letter representation alongside the
averages. Significance level (5%) was used in
calculations and interpretations. All calculations were
used with SPSS statistical package program.

RESULTS and DISCUSSION
Cell numbers, dry cell weight

In this study, the effect of light and dark situations on
cell number and dry cell weight was investigated in
the callus culture of A. gypsicola species. While the
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number of cells was 85.300 in the initial culture in
bright conditions, it was determined to reach 104.300
at the end of the 12th day. The lowest cell number
was obtained from the initial cultures of dark and
light treatments (84.100 and 85.300, respectively)
(Figure 1). It has been determined that dry cell
weight (g/l) increases in both light and dark
conditions. While the highest dry cell weight (13.7219
g/l and 13.3981 g/1, respectively) was obtained from
the cells that incubated in light for 6 and 12 days, in
the cells incubated in the dark, this value was
determined as 12. 128 g/l maximum on day 12. It has
been reported by many researchers that stress factors
are very efficient in the development of secondary

Cell number

B Dark mLight
120000
a
b
100000 - cd dep B
f f f f
80000
60000
40000
20000
0
Day1 Day2 Day3 Day6 Day
12
Sampling Time (Day)
a

metabolites and cell growth (Georgieva et al., 2015;
Ahmad et al., 2016). The age of cell culture, the
duration of exposure to the elicitor, and the type of
elicitor are important in improving the effectiveness
of these treatments. Light is one of the major elicitors
that stimulates the production of secondary
metabolites and developmental processes (Khan et al.
2013). Previous studies have revealed that light plays
an important role in cell growth. Zhao et al. (2010),
Ali and Abbasi (2014), Silva et al. (2017), and Anjum
et al. (2017) reported in their studies that light
promotes cell growth. Similarly, it has been shown
that light has an important role in cell growth in A.
gypsicola.

Dry cell weight (g/1)
B Dark B Light

16
14
19 bc b
d d d
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8
6
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2
0
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Sampling Time (Day)
b

Figure 1. Effects of light treatments (dark and light) and sampling times (days) on cell number (number) (a), cell
dry weight (g/1) (b) in cell suspension cultures of A. gypsicola species.
Sekil 1. A. gypsicola tiiriinde hiicre siispansiyon kiiltiirlerinde 1s1k uygulamalarinin (karanhk ve aydinlik) érnek
alma zamani (giin), hiicre sayisina (adet) (a), hiicre kuru agirligina (/1) (b) etkileri
Error bars show standard deviation values. Means with a similar letter are not significant at the 5% level of the Tukey test.

Total phenolic, flavanol and flavonol content

Plant phenolics and flavonoids have strong biological
activity. In this study, we researched the influence of
light applied to A. gypsicola cultures for different
periods on total phenolic, total flavanol, and total
flavanol content. The total amount of phenolic
substance (mg/g) increased regularly both in dark
conditions and in the light environment depending on
the application period (Figure 2). While the total
amount of phenolic matter was an average of 0.7720
mg/g in the initial culture in the dark environment, it
increased to 0.9543 mg/g at the end of the 12th day.
In light application, the phenolic substance
accumulation, which was 0.7744 mg/g in the initial
culture, increased to 0.9978 mg/g at the end of the
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12th day. It was determined that total flavanol
accumulation (mg/g) was mostly in bright
environments when light and dark environments
were compared and flavanol accumulation increased
significantly starting from the 1st day. The amount of
flavanol, which was 0.0160 mg/g in the initial culture
in bright conditions, increased to 0.0725 mg/g at the
end of the 12th day. The amount of flavonol, which
was 0.0123 mg/g in the initial culture under dark
conditions, reached 0.0535 mg/g at the end of the 12th
day. Total flavanol accumulation (mg/g) generally
increased in dark and light environments. In the dark
environment, while the total amount of flavanol in
the initial culture was 0.0417 mg/g, it reached 0.0654
mg/g at the end of the 12th day. In light application,
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the amount of flavanol, which was 0.0434 mg/g in the
initial culture, increased to 0.0814 mg/g at the end of
the 12th day. It was determined that light treatments
were 53.24% more effective in flavanol accumulation
when light and dark environments are compared. The
remarkable point here is that the amounts of total
phenolic, flavanol, and flavanol increase with light
application. Light has an important function in the
biosynthesis of primary and secondary metabolites by
increasing PAL activity in cell cultures (Khan et al.,
2013; Murthy et al, 2014). Many phenolic
compounds, caffeic acid, cinnamic acid, flavonoids,
anthocyanins, and caffeic acid derivates in plants are

Total phenolic content (mg/g) ®Dark W Light
1,2
1

£ d £b
0,8
0,6
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Total flavonol content (mg/g)
0,1
0,08
0,06 de de
0,04
0,02

o
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Day 3

produced by the phenylpropanoid pathway initiated
by PAL (Shohael et al., 2006; Sreelakshmi and
Sharma, 2008). Therefore, it can be said that light
increases the total amount of flavonoids by
stimulating the biosynthetic pathway. In previous
studies, Fazal et al. (2016), Nadeem et al. (2018), and
Shohael et al. (2006) reported that light promotes
secondary metabolite accumulation more than dark
conditions. In this study, it was revealed that light
conditions increase the amount of total phenolic,
flavanol, and flovonol other active ingredients
compared to dark conditions.
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Figure 2. Effects of light treatments (dark and light) and sampling times (days) on total phenolic (mg/g) (a),
flavanol (mg/g) (b), flavonol content (mg/g) (c) in cell suspension cultures of A. gypsicola species.
Sekil 2. A. gypsicola tiiriinde hiicre siispansiyon kiiltiirlerinde 1sik uygulamalarinin (karanhk ve aydinlik)
toplam fenolik madde (mg/g) (a), flavanol (mg/g) (b), flavonol icerigine (mg/g) (c) etkileri

Error bars show standard deviation values. Means with a similar letter are not significant at the 5% level of the Tukey test.

Total anthocyanin content

Anthocyanins constitute an 1important part of
flavonoids, a common group of secondary metabolites.
Anthocyanins found in plant tissues are synthesized
in different concentrations depending on the genetic

structure of the plant, environmental factors, and the
stress conditions that the plant is exposed to
(Schwinn et al., 2004). In this study, when the total
anthocyanin accumulation in dark and light
environments was compared, it was determined that
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the anthocyanin accumulation occurred highest in
light with 0.0097 CV/g and the lowest value was in
the cells incubated with 0.0058 CV/g in the dark
(Figure 3). Therefore, we can say that the light

Total anthocyanin content (CV/g)

increases anthocyanin accumulation. The role of
anthocyanins against light stress has been widely
documented (Merzlyak et al., 2000; Trojak et al.,
2017).

m Dark m Light
0,012
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0,008 be be
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C C
0,006
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0
Day 1 Day 2 Day 3 Day 6 Day 12
Sampling Time (Day)

Figure 3. Effects of light treatments (dark and light) and sampling times (days) on the total anthocyanin content
(CV/g) in cell suspension cultures of A. gypsicola species

Error bars show standard deviation values. Means with a similar letter are not significant at the 5% level of the Tukey test.

Sekil 3. A. gypsicola tiiriinde hiicre siispansiyon kiiltiirlerinde 1sik uygulamalarinin (karanhk ve aydinlik)

toplam antosiyanin miktarina (CV/g) etkileri

Camphor content

Camphor is an important ingredient found in the
essential oil of plants that has medicinal effects such
as antimicrobial and anticarcinogenic (Saeidnia et al.,
2011). In the study, the amount of camphor, which
was 0.7162 pg/g in the initial culture in the light
environment, increased to 0.9693 pg/g 3 days after
the application, to 1.1173 p/g after 6 days, and after
12 days, it increased by 111.77% and reached 1.5167
ng/g (Figure 4). The highest camphor accumulation in
cells incubated in the dark was 1.1153 pg/g at the end
of the 12th day. The remarkable point here is that
light treatments promote camphor accumulation more
than dark conditions. Previously, Nieto-Trujillo et al.
(2017) studies on Tanacetum parthenium and
Razavizadeh et al. (2017) on Carum copticum species
showed that stress factors raise the amount of
phenylpropanoid metabolites. In addition, Silva et al.
(2017) examined the effects of the light source applied
to the culture environment at different intensities to
increase the secondary metabolite accumulation in a
study conducted on Plectranthus amboinicus species
and they showed that carvacrol accumulation
continuously increased depending on the intensity of
light.

1239

CONCLUSIONS

In this study, it was determined for the first time that
light treatment in A. gypsicola cell suspension culture
promoted cell number and dry cell weight, total
flavanol, flavonol, phenolic, anthocyanin, and
camphor content more than in dark conditions.
Looking at the sampling times, it is seen that the
highest value of cell growth and phenylpropanoid
metabolite accumulation is reached on the 12tk day,
while the lowest value is reached in the initial
cultures. The amount of camphor increased from
0.7162 pg/g in the initial culture to 1.5167 ng/g after
12 days with an increase of 111.77% in cells cultured
in the light environment. It was determined that
sampling times in dark environments do not have a
significant effect on the amount of anthocyanin in
total anthocyanin accumulation. The total amount of
phenolic content increased regularly both in dark
conditions and in the light environment and the
accumulation of phenolic content in the initial culture
in the light environment increased by 29.25% at the
end of the 12th day. It has been determined that
flavanol accumulation is mostly in  bright
environments. The amount of flavanol, which was
0.0160 mg/g on the 1st day, increased 4.9 times and
reached 0.0725 mg/g at the end of the 12th day. When
the light and dark environments are compared in
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total flavonol accumulation, it was determined that
light conditions were 53.24% more effective in
flavanol accumulation. These results showed us that

Camphor content (pg/g)
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light treatments in A. gypsicola cell suspension
cultures significantly promoted cell growth and
phenylpropanoid metabolite accumulation.
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Figure 4. Effects of light treatments (dark and light) and sampling times (days) on camphor content (ug/g) in cell

suspension cultures of A. gypsicola species

Error bars show standard deviation values Means with a similar letter are not significant at the 5% level of the Tukey test.
Sekil 4. A. gypsicola tiiriinde hiicre siispansiyon kiiltiirlerinde 151k uygulamalarimin (karanlik ve aydinlhk)

kamfor miktarina (ug/g) etkileri
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OZET Biyoloji

Trimetilolpropan triakrilat (TMPTA), miirekkepler, plastikler, ahsap

ve metal kaplamalar gibi farkli malzeme ve formillerde yaygin Aragtirma Makalesi
olarak kullanilan bir kimyasaldir. Bir¢ok alanda yaygin olarak

kullanilmasina ragmen bu maddenin genotoksik potansiyeli cesitli in Makale Tarihcesi

vivo ve In vitro yaklasimlarla net olarak ortaya konmamistir. Gelig Tarihi  :27.08.2021

TMPTA'nin olas1 riskleri hakkinda literatiirdeki in vitro ve in vivo Kabul Tarihi :19.11.2021
verilerin g¢eligkili olmasi nedeniyle, bu kimyasal toksisite ve

genotoksisite analizleri i¢in kullanilmaya devam etmektedir. Bu Anahtar Kelimeler
baglamda calismanin amaci, in vivo bir model olan Drosophila Trimetilolpropan triakrilat
melanogaster ile TMPTAmin potansiyel toksik ve genotoksik Drosophila melanogaster
etkilerini ortaya cikarmaktir. Bu amag¢ dogrultusunda Drosophila Genetik hasar

Comet, kanat somatik mutasyon ve rekombinasyon (SMART) testleri Somatik mutasyon

uygulanmig ve fenotipik degisiklik belirlenmigtir. SMART Hemosit
yonteminde kromozom Kkirilmasi, nokta mutasyonu ve mitotik
rekombinasyon tek tip klonlara neden olurken; mitotik
rekombinasyon ise ikiz klonlarin olugsmasina neden olmaktadir.
Drosophila hemosit hiicrelerinde DNA hasarini tespit etmek igin
Comet testi uygulanmistir. Deneme konsantrasyonu olarak 10 mM
konsantrasyon canlilik acgisindan toksik etki gosterdiginden,
Drosophila'da genotoksisite ve mutajenite ¢alismalari i¢in 10 mM'nin
altindaki konsantrasyonlarda testler yapilmigtir. Ozellikle test
edilen tiim toksik olmayan konsantrasyonlarda (0.5, 1, 2.5 ve 5 mM)
TMPTA, Drosophila SMART testinde mutajenik etkiler ve Comet
testinde genotoksik etkiler gostermistir. Ancak, TMPTA'min toksik
olmayan konsantrasyonlarinda kanatlar, gogus kili ve gozler
acisindan fenotipik degisiklikler tespit edilmemigtir. Bu calisma,
TMPTA'min Drosophila’daki toksik ve genotoksik etkilerinin
degerlendirildigi literatirdeki ilk ¢aligmadir.

Investigation of Potential Toxic, Genotoxic and Mutagenic Effects of Trimethylolpropane Triacrylate
Using Drosophila melanogaster

ABSTRACT Biology
Trimethylolpropane triacrylate (TMPTA) is a chemical which is

commonly used in different materials and formulas such as inks, Research Article

plastics, wood and metal coatings. Although it is widely used in . .

many fields, the genotoxic potential of this substance has not been AI‘th.l e Hlstory‘

clearly demonstrated. Because of the conflictive in vitro and in vivo Recoived 27.08.2021
data in the literature about possible risks of TMPTA, this chemical Accepted +19.11.2021
remains to be used for toxicity and genotoxicity analyses. In this Keywords

context, the aim of this study is to reveal the potential toxic and
genotoxic effects of TMPTA in Drosophila melanogaster as an in vivo
model. In accordance with this aim, Drosophila Comet, wing somatic
mutation and recombination test (SMART) were performed and
phenotypic alterations were determined. In SMART method,
chromosome breakage, point mutation and mitotic recombination
cause single spots while mitotic recombination causes twin spots.
Comet assay applied to detect DNA damage in Drosophila hemocyte

Trimethylolpropane triacrylate
Drosophila melanogaster
Genetic damage

Somatic mutation

Hemocyte



KSU Tarim ve Doga Derg 25 (6): 1243-1253, 2022
KSU J. Agric Nat 25 (6): 1243-1253, 2022

Aragtirma Makalesi
Research Article

cells. Since the trial concentration of 10 mM showed toxic effect in
terms of viability, tests were carried out at concentrations below 10
mM. All the tested non-toxic concentrations (0.5, 1, 2.5, and 5 mM) of
TMPTA showed mutagenic effects in the Drosophila Comet Assay,
and genotoxic effects were observed by SMART Assay. However,
phenotipic alterations were not detected in non-toxic concentrations
of TMPTA in terms of wings, thorax bristle, and eyes. This is the
first study in the literature to evaluate the toxic and genotoxic effects

of TMPTA in Drosophila.
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GIRIS bir akrilat monomerdir ve serbest radikal

Son yuzyilda, endustriyel, ticari ve tarimsal
kullanimlardan evsel ve kigsisel kullamimlara kadar
cesitli bicimlerde ¢ok sayida kimyasal madde ile
cevrili durumdayiz. Bu kimyasallarin insanlar da
dahil olmak tizere ¢evredeki farkli canli organizmalar
tuzerinde etkisi vardir. Yapilan c¢alismalar, bu
etkilerin o6nemli bir konsantrasyon seviyesinde
istenmeyen maruziyet durumunda ¢ogunlukla
tehlikeli olabildigini dogrulamistir (van Leeuwen ve
Vermeire, 2007; Konduracka, 2019). Yapilan
caligmalar, istenmeyen kimyasal maruziyetinin doza
bagh olarak insanlarda 6liimcil zehirlenmelere neden
oldugunu  gostermistir  (Karunarathne, 2021).
Bununla birlikte kimyasallarin ve agir metallerin
disik konsantrasyonlarda ekosistemde yer alan
diger canli organizmalarda ve cansiz ortamda
birikime ve uzun vadede olumsuz etkilere neden
oldugu bildirilmistir (Turna Demir ve Yavuz, 2020;
Naidu ve ark., 2021). Genetik toksikolojinin temel
amaci, pek cok yontem kullanilarak cesitli cevresel
etkenlerin neden oldugu DNA hasarinin tespit
edilmesidir. Kansere yol acan ¢ok asamali olaylarda
yer alan bircok gendeki mutasyonlar, genetik
materyalin ¢esitli mekanizmalar ile etkilesimleri ve
modifikasyonlar1 tarafindan iretilebilir. Ornegin,
Feron ve Vogelstein (1996) tarafindan tanimlanan
kolorektal kanser oOrneginde gosterildigi  gibi
DNA'daki molekiler degisiklikler bu hastaligin
olusumunda 6nem tasimaktadir (Feron ve Vogelstein,
1996). Genotoksik  kanserojen ifadesi, hedef
hiicrelerin genetik materyalini dogrudan degistirerek
kansere neden olan kimyasallar i¢in kullanilirken,
genotoksik olmayan kanserojenler dogrudan genetik
hasar ile ilgili olmayan bazi ikincil mekanizmalarla
kansere neden olan kimyasallar1 ifade etmek igin
kullanilmaktadir (Hayashi, 1992). Mutajen test
sistemlerinin genotoksik kanserojen bilegikleri tespit
etme potansiyeli, c¢evresel mutagenez ve genetik
toksikoloji biliminin gelistirilmesi ve uygulanmasi
icin 6nemli bir uyarici olmustur (Parry ve Parry,
2012). Trimetilolpropan triakrilat (TMPTA), ii¢ islevli
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kaynaklarina maruz kaldiginda hizlica polimerlegir.
TMPTAnin kimyasal yapis1 Sekil 1’de gésterilmigtir.

O 0
cha\\)ko 5 J_cH;

o

O\n/‘*CH2
o)

Sekil 1. TMPTA’nin agik formili
Figure 1. Open formula of TMPTA

TMPTA reaktif bir seyreltici ve polimer yapi tasi
olarak yaygin olarak kullamilir. Ust baski vernikleri
ve mirekkepleri ile cesitli ahsap, plastik ve metal
kaplamalarin formilasyonlart TMPTA icermektedir.
Son yillarda ¢esitli alanlarda kullanilan bu maddenin
neden oldugu genotoksik ve kanserojenik etkiler
simirhh sayida calisma ile farkli test yodntemleri
kullanilarak in wivo ve in vwvitro olarak
degerlendirilmigtir. Tg.AC hemizigos farelerde
yapilan 6 aylik bir dermal ¢calismada TMPTA'nin hem
erkek hem de disi farelerde dermal uygulama
bélgesinde deri papillomlarinin gérilme sikligini ve
¢esitliligini 6nemli 6lgiide artirdigi sonucuna varilmig
olup ayrica disi farelerde TMPTA uygulamasina bagh
skuamé6z  hiicreli  karsinomlarin  ve  kronik
inflamasyonun ~ TMPTA  uygulama  bélgesinde
meydana geldigi saptanmistir (Anonim, 2005). Ayrica
2 wyillikk  bir dermal kanserojenite c¢alismasi
sonuglarina gore, TMPTA uygulamasinin erkek
F344/N sicanlarda marjinal olarak artmis malign
mezotelyoma goriilme sikligina neden oldugu ve disi
farelerde 1ise nadir goérilen malign hepatik
neoplazmalar (hepatoblastoma ve
hepatokolanjiyokarsinom) ve uterusun stromal polip
veya stromal sarkomu gériillme sikliklarinin arttigim
gosteren baz1 kanmitlar tespit edilmistir (Anonim,
2012). Bu calismalarda F344/N sicanlar ve B6C3F1/N
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fareler olmak ftzere farkli iki tlre ait o6rneklere
TMPTA topikal olarak uygulanmigtir. Bu ¢aligmada
uygulama bolgesinde tumor gorilme sikliginda artig
olmamasina karsin inflamasyon dahil olmak tizere
cesitli cilt deformasyonlarinin (epidermal hiperplazi,
hyperkeratozis, nekroz ve kronik inflamasyon
gozlendigi bildirilmistir (Anonim, 2012). Bu nedenle
son yillarda, TMPTA'nin genotoksisitesinin olasi
roliniin  tespit edilmesinin  bu timorlerin
etiyolojisinin  anlagilmasinda  6nemli  bulgular
icerebilecegi belirtilmektedir (Kirkland ve Fowler,
2018).

Son yillarda Drosophila melanogaster farklh
molekiiler ve genetik  toksikoloji  alanindaki
calismalarda cesitli avantajlar1 nedeniyle uygun bir
model organizma olarak kullamlmaktadir. Ozellikle
kisa yasam dongilisine sahip olmasi, kulture
alinmasinin kolay olmasi ve turetilmesinin oldukca
diisik masrafa neden olmasi ile kisa yasam donglsi
nedeniyle ¢ok sayida nesli kisa stirede ¢calisma imkani
sunmas1 ve insan DNA’s1 ile yaklasik %60, insan
hastaliklarindan (otizm, diyabet ve kanser gibi)
sorumlu genetik materyallerin yaklasik %75 nin
Drosophila’da fonksiyonel bir homologa sahip olmas:
sebepleri bu canlinin ilgi ¢eken bir model olarak
kullanilmasina neden olmustur (Lloyd ve Taylor
2010; Ong ve ark., 2016).

Somatik  Mutasyon ve Rekombinasyon Testi
(SMART), Drosophila’da larval evrede kimyasal
maruziyetinden sonra yetigkin (ergin) sineklerin
somatik hiicrelerindeki genetik hasar tetiklenmesini
degerlendirmeyl amaclayan in vivo hassas bir
yontemdir (Graf ve ark., 1984).

Comet testi, Ostling ve Johanson (1984) tarafindan
tasarlandiktan ve daha sonra Singh ve arkadaslar
(1988) tarafindan modifiye edilmesinin ardindan
bugiine kadar c¢ok faydali bir genotoksisite analizi
haline gelmistir (Speit ve Hartmann, 1999; Tice ve
ark., 2000; Hartmann ve ark., 2003; Collins, 2004).
Cesitli 6karyotik canlilarda kullanilabilen bu yontem,
Drosophila hemositlerinde genotoksisite ve
antigenotoksisitenin tespit edilmesi i¢in son yillarda
yaygin olarak kullanilmaktadir (Turna ve ark., 2014;
Liman ve ark., 2020).

Literatiirdeki ¢alismalar incelendiginde TMPTA’nin
toksik ve genotoksik etkilerinin bir model organizma
olan D. melanogaster kullanilarak yapilan Dbir
c¢alismanin olmadig tespit edilmigtir. Bu baglamda,
yapilan bu calismada D. melangoster kullanilarak
TMPA'nin toksik ve genotoksik etkileri
degerlendirilmigtir Bu amaglar  kapsaminda
TMPTA’min olas1 toksik etkileri canlhilik testi ve
fenotipik degisiklik tespiti ile degerlendirilirken,
genotoksik etkileri hemosit hiicrelerinde Comet Testi
ve mutajenik, rekombinojenik etkileri ise SMART ile
degerlendirilmigtir. TMPTA’nin olas1 toksik etkileri
ve fenotipik degisiklik olusturma potansiyelinin
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tespiti ve genotoksisite testlerinden olan Comet testi
icin yabanil tip Oregon-R* hatti kullanilmis olup,
TMPTA'nin olas1 mutajenik ve rekombinojenik
etkilerinin degerlendirilmesi i¢in uygulanan Somatik
Mutasyon ve Rekombinasyon Testi (SMART) icin
mwh ve fIrd hatlar1 kullanilmigtir.

MATERYAL ve METOD

Kullanilan Drosophila hatlari, toksisite ve kimyasal
uygulamalar

TMPTAnin (Trimethylolpropane Triacrylate, Saflik:
>%75.0, Cas Numarasi: 15625-89-5, TCI Chemicals,
UK) olas1 toksik etkileri ve fenotipik degisiklik
olusturma potansiyelinin tespiti ve genotoksisite
testlerinden olan Comet testi i¢cin yabanil tip Oregon-
R* hatt1 kullanilmig olup, TMPTAnin olas1 mutajenik
ve rekombinojenik etkilerinin degerlendirilmesi ig¢in
uygulanan SMART icin mwh (mwhmwh) ve fIrs
(flare-3 hatlar1 #r% /In(BLR) TM3, Bds genetik
yapisina sahiptir) hatlar: kullamilmistir. SMART icin
kullanilan mwh ve fIr® hatlarimin genetik markorleri
ve fenotipleri i¢in daha detayl bilgilere Lindsley ve
Zimm (1992)'in yayinindan ulasilabilir. Calismalarda
kullanilan  Drosophila hatlarinin  kiltiirasyonu
standart sartlarda (25+1 °C’de, ~ %60 nem) misir unu,
maya, agar, seker ve asit (ortofosforik asit ve
propiyonik asit) karisgtmindan hazirlanan besi yerleri

ile literatiirde yer alan c¢alismalarda detayh
anlatildigr bicimde yapilmigtir (Demir ve ark., 2014;
Turna ve ark., 2014). TMPTA'nin  D.

melanogasterdeki toksik etkileri canlihk testi ile
degerlendirilmigtir. Yumurta verimliligi acisinda 3—7
ginlik bireyler tercih edilmistir. Bu Drosophila
bireyleri yeni bir besin sigesine alinarak 8 saat
boyunca yumurta birakmalari igin bekletilmis ve
ardindan bu bireyler uzaklastirilmigtir. Oregon-R*
erkek ve disi bireylerinden bahsedilen bicimde 8
saatlik yumurtalar toplanmis ve bu canhlar 72 +4
saatlik olduklarinda Drosophila hazir besi yeri
(Carolina Biological Supply Co., Burlington, NC,
USA) TMPTA’n1in farkli konsantrasyonlarimin 9 mL’si
ile 1slatilmig ve ardindan TMPTA konsantrasyonlari
coziicli kontrol olarak %0.5 Dimetilsiilfoksit (DMSO)
distile su ile hazirlanmig olup, her bir deney igin
negatif kontrol olarak ¢éziicii kontrol (%0.5 DMSO) ve
ayrica distile su, Drosophila Comet testi i¢in 4 mM,
SMART i¢in 1 mM Etil metan siilfonat (EMS) pozitif
kontrol olarak kullamilmigtir. EMS, genotoksik
etkileri literatiirdeki mevcut caligmalarda tespit
edilmesi nedeniyle pozitif kontrol olarak
kullanilmistir (Turna ve ark., 2014; Demir ve Marcos,
2017). Literatiirdeki calismalar incelendiginde
TMPTAnmin ¢6ziiciisit olarak DMSO kullanildig:
belirlenmis olup (Willems, 1976; Cameron ve ark.,
1991; Moore ve Doerr, 1990; Haddouk, 2005) %0.5 ve
%0.3 DMSO’nun sirasiyla SMART (Demir ve ark.,
20100 ve  Drosophila ~ Comet  yénteminde
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(Mukhopadhyay ve ark., 2004) ¢éziicii kontrol olarak
kullanilabildigi belirlenmistir. Ergin bireylerdeki
fenotipik degisiklik tespiti i¢cin her bir konsantrasyon
icin literatirdeki benzer c¢alismalarda belirtildigi
sekilde 50 birey kanat, toraks killar1 ve g6z yapilari
acisindan degerlendirilmistir (Mishra ve ark., 2017).
Tum deneyler ti¢ tekrarh olarak yapilmistir.

Drosophila Somatik Mutasyon ve Rekombinasyon
Testi (SMART)

Bu test, kimyasal ajanlara maruz birakilan
Drosophila larvalarinin somatik hiicrelerindeki
heterozigotluk kaybina dayanmaktadir (Graf ve ark.,
1984). Transheterozigot bireyler elde etmek amaciyla,
pupadan ergin evreye gecen déllenmemis £r9 disi (her
bir siseye 40) ergin bireyleri mwh (her bir siseye 40)
erkek bireyler ile caprazlanmistir. Bu deney igin
dollenmemis disi bireylere ihtiya¢ duyuldugundan 4
saatlik zaman dilimlerinde pupadan cikan disi fr?
bireyler erkek bireylerden ayrilarak temiz bir besin
sisesine alinmistir. Deneyler i¢in yeterli larva elde
edilebilmesi i¢in c¢aprazlanan bireylerden 8 saatlik
yumurtalar taze besinlere bu bireyler koyularak
toplanmistar. qu giin sonunda (72 + 4 saat sonra)
larvalar toplanmis ve bu larvalar daha once toksik
etki gostermedigi tespit edilmis olan TMPTA
konsantrasyonlar1 (0.5, 1, 2.5 ve 5 mM), coziici

kontrol, distile su ve EMS (1 mM) konsantrasyonlari
ile 1slatilmig hazir besi yerlerine aktarilmigtir.
Larvalar kimyasal uygulanmig bu besi yerleri ile
pupa evresine geginceye kadar beslenmistir. Pupa
evresinden sonra ergin evreye gegcen bireyler
toplanarak %70 etanol iceren tuplere aktarilarak
4°C’de buzdolabinda saklanmistir. Mikroskobik analiz
icin Faure soliisyonu igeresinde ergin bireylerin
kanatlar: ince u¢lu pens yardimiyla Stereo mikroskop
altinda kesilerek preparatlara yapistirilmis ve tespit
edilmistir. Ardindan 1s1k mikroskobu altinda (400X
biiyiitmede) ii¢c tip klon sayilmistir (Demir ve ark.,
2011; Demir ve ark., 2014). Her bir konsantrasyon
icin 40 bireye ait 80 kanat degerlendirilmigtir.
Mutant klonlarin sayimi esnasinda g6z o6nlnde
bulundurulan klonlar literatiirde belirtildigi tzere;
kiicuk tek tip klon, biyuk tek tip klon ve ikiz klon
olmak ftizere ii¢ tiptir (Graf ve ark.,, 1984). Bu
siniflandirmaya gore kigiik tek tip klonlar; 1 veya 2
tane mwh hiicrelerinden (Sekil 2a), biiyiik tek tip
klonlar; 3 veya daha fazla mwh (Sekil 2b) ya da 4
veya daha fazla flare mutant hiicrelerinden (Sekil 2c),
ikiz klonlar ise mwh ve flr hlcrelerinin ayni klon
icerisinde beraber bulundugu klonlardan
olusmaktadir. Bahsi gecen klonlarin bazilarina ait
mikroskobik goriintiiler Sekil 2°de gésterilmigtir.

Sekil 2. Mutant klonlarin mikroskop gériintiileri a) Kiiciik tek tip klon (mwh 1-2)
b) Biiyiik tek tip mwh klon (mwh >2) ¢) Biiyiik tek tip flr2 klon (flr3 > 4) (Orijinal)
Figure 2. Microscopic views of mutant clones a) small single spot (mwh 1-2)
b) large single spot mwh clone (mwh >2) ¢) large single spot fIr? clone (fIr? > 4) (Original)

Bahsi gegcen fIr¥ geni homozigot durumda
embriyolarda &liimciil (letal etki) gdsterdigi icin bu
etkiden bireylerin korunmasi amaciyla TMS3
dengeleyici kromozomu kullanilmaktadir. Bunun yani
sira dengeleyici kromozom rekombinasyonu
baskilamak suretiyle mutasyon ve rekombinasyonun
birbirinden ayirt edilebilmesine olanak

saglamaktadir (Graf ve ark., 1984; Graf ve ark.,
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1992). Normal fenotipe sahip kanatlar incelendiginde
bu kanatlarin kenarlar: dizgiin bir yapiya sahipken
(Sekil 3a), BdS (Beaded Serrat) genini tasiyan
bireylerin kanatlar1 incelendiginde bu bireylerin
kanat kenarlarinin diizgiin olmadigi (Sekil 3b)
gozlenmektedir. Normal kanat ve serrat kanat
fenotiplerinin 1g1k mikroskobu altindaki goriintileri
Sekil 3’te gosterilmigtir.
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Sekil 3. Hazirlanan kanat preparatlar: ve kanat fenotiplerinin gériintiisii a) Normal Kanat b) Serrat Kanat (Orijinal)
Figure 3. Image of prepared wing slides and wing phenotypes a) Normal wing b) Serrate wing (Original)

Homozigot halde letal etki gésteren dominant Bd®
geni, TM3 dengeleyici kromozomunun tizerinde yer
alir ve boylelikle TM3 dengeleyici kromozomuna
sahip bireyler kanat fenotiplerinin incelenmesiyle
diger bireylerden kolaylikla ayrilabilmektedir (Graf
ve ark., 1984; Graf ve ark., 1992). Ayrica TM3
dengeleyici kromozomu rekombinasyonlarin
baskilanmas1 acisindan énem tasimaktadir (Graf ve
ark., 1984; Graf ve ark., 1992). Rekombinasyonun
dengeleyici kromozomun (TM3) tarafindan
baskilamasi sebebiyle serrat kanat fenotipi gosteren
bireylerde tespit edilen mutant klonlar yalnizca
mutasyon sonucu meydana gelmektedir. Bu nedenle
serrat kanat fenotipine sahip bireylerden elde edilen
sonuglar ile normal kanat fenotipine sahip
bireylerden elde edilen sonuclar karsilagtirilarak
etkisi saptanmaya calisilan kimyasalin mutajenik
velveya rekombinojenik etkileri tespit
edilebilmektedir (Frei ve ark., 1985; Vogel, 1992;
Gonzales-Cezar ve Ramos-Morales, 1997; Demir ve
ark., 2013).

Drosophila Hemositlerinde Comet Testi

Drosophila hemosit hiicrelerindeki DNA hasarinin
tespit edilmesi igin Comet testi uygulanmigtir. Bu
amagcla literatirde Drosophila hemositlerinde Comet
testi protokolii (Demir ve ark., 2014; Turna ve ark.,
2014) takip edilmistir. Oregon-R+ hatt1 72+4 saatlik
larvalar toplanmistir ve ardindan bu larvalar
calismadaki kimyasal konsantrasyonlari, c¢oziici
kontrol ve distile su ile uygulanan hazir besi yeri ile
24+2 saat beslenmigtir. Bu siirenin sonunda larvalar
musluk suyu altindan nazikc¢e toplanmigtir ve stereo
mikroskop altinda hemosit izolasyonu Carmona ve
arkadaslar1 (2011) tarafindan belirtilen basamaklar
izlenerek tamamlanmigtir. Hemolenfteki hemositler,
stereo mikroskop altinda larvalarin kutikilleri ince
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uclu pensler ile kaldirilarak %0.07 Feniltiyotlire iceren
soguk Fosfat Tamponu igerisine aktarilmigtir ve
ardindan mikrosantrifiij tiplerine alinarak santrifiyj
(300 g, 10 dakika) edilmistir. Stipernatant atilmis ve
pelet 20 pL soguk Fosfat Tampon Solusyonu (PBS)
icinde yeniden siispanse edilmistir. Hemosit
izolasyonundan sonra tripan mavisi kullanilarak
canlilik degerlendirilmesi yapilmistir (Pool-Zobel ve
ark. 1993). Comet testi uygulamalari yapilmadan
once 1izole edilen hicrelerde canhiligin  kontrol
edilmesi ve kimyasal uygulamasinin akabinde izole
edilen hiicrelerdeki canlilik sonug¢larinin canli hayvan
deneylerindeki hedef doku ve hiicreler igin %70-80'in
altinda olmasi durumunun “agirilik” belirttigi
literatiurdeki calismalarda belirtilmektedir
(Henderson, 1998; Tice ve ark., 2000; Azqueta ve
Collins, 2013). Tim konsantrasyonlarda tripan
mavisi ile yapilan canlilik testi sonucglarinin %70’in
uzerinde oldugu tespit edilmistir. Hemosit izolasyon
basamaginin ardindan Comet y6ntemi uygulamalari
Singh ve arkadaslar1 (1988) tarafindan belirtilen
basamaklar takip edilerek Demir ve arkadaslarinin
(2014) detaylandirdigr sekilde uygulanmistir. Bu
basamaklar kisaca géyledir: 20 pL. hemosit 6érnegi 140
pL %0.75’lik dusik erime sicakligina sahip agaroz ile
karigtirilarak, daha oOnceden %1°lik normal erime
sicakligina sahip agaroz ile kaplanmis preparata
yayillmig ve Uzeri lamelle kapatilarak 10 dakika +4
°C'de bekletilmigtir. Stire bitiminde lameller
kaldirilmis ve preparatlar taze hazirlanmig DMSO
icermeyen soguk lizis (2.5 M NaCl, 100 mM
Na:EDTA, 10 mM Tris, %1 Triton X-100 ve %1 N-
lauroylsarcosinate, pH 10) soliisyonunda +4°C’de 2
saat 151k almayacak bigimde bekletilmigtir. Ardindan
takip edilen tim basamaklar ek genetik hasar
olusmamasi i¢in log 1s1k altinda gerceklestirilmistir.
DMSO izole edilen Drosophila hiicreleri lizis
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basamagi i¢in sitotoksik etki gisterebilme potansiyeli
nedeniyle, bu olas1 etkiden kacinilmasi1 amaciyla lizis
soliisyonu hazirlanirken kullanilmamasgtir
(Mukhopadhyay ve ark., 2004; Siddique ve ark.,
2005). Preparatlar soguk elektroforez tamponu (1 mM
Na:EDTA ve 300 mM NaOH, pH >13) iceren yatay
elektroforez tankina yerlestirilmistir ve DNA acilma-
¢ozme iglemi igin 25 dakika bekletilmigtir.
Elektroforez iglemi ayni tampon ¢ozelti igerisinde gii¢
kaynagi 25 V ve 300 mA olarak ayarlanarak 20
dakika  boyunca  c¢aligtirilmistir. Elektroforez
basamagindan sonra preparatlar no6tralizasyon
tamponu (0.4 M Tris, pH 7.5) icerisinde 5er dakika 3
kez bekletilmigtir. DNA hasarini floresans mikroskop
altinda tespit etmek amaciyla Etidyim Bromur
(EtBr) soliisyonu (60 pg mL) ile boyama yapilip 10

dakika Dbekletilmigtir ve ardindan goérintiler
floresans mikroskopta 400X Dbiiyiitmede elde
edilmigtir. Hemositlerdeki DNA hasarinin

skorlanmasi i¢in CaspLab Yazilimi kullanilmis ve
ylizde olarak kuyruk DNA (% DNA kuyruk
yogunlugu) parametresi degerlendirilmistir. Bu
parametre Comet testinde yaygin olarak onerilen ve
kullanilan bir parametredir (Kumaravel ve dJha,
2006). Her bir konsantrasyon icin 100 hemosit
secilmig ve degerlendirilmistir.

Istatiksel Analizler

Comet testinin istatistiksel analizi i¢in SPSS 20
(SPSS, Chicago, IL) kullamlmis ve t-testi
uygulanmigtir. SMART i¢in ise MICROSTA Paket
Programi1 kullamlmistir. Istatistiksel anlamhlik
degeri olarak p<0.05 alinmigtir. Tim yontemlerde,
istatistiksel acidan degerlendirmeler yapilirken
TMPTAnin uygulama konsantrasyonlarindan (0.5, 1,
2.5 ve 5 mM) elde edilen sonuclar c¢éziicii kontrol ile
kargilagtirilmig olup, ¢oziici kontrol ise distile su ile
kargilagtirilmigtir.

BULGULAR ve TARTISMA

TMPTA’nin  toksik konsantrasyonlarinin tespiti
amaciyla, TMPTA'min 0.5, 1, 2.5, 5 ve 10 mM
konsantrasyonlarina maruz birakilan Oregon-R+
yabanil tip 3. evre (72+4 saat) D. melanogaster
larvalarimin geliserek ergin birey olusturma (canlhlik)
yiizdeleri %70’in {izerinde olan konsantrasyonlar (0.5,
1, 25 ve 5 mM) tespit edilmis olup bu
konsantrasyonlar SMART ve Comet testi ile fenotipik
degisiklik tespiti i¢in uygulanmistir. Yapilan bu
calismanin sonu¢larina gére TMPTAnin 0.5, 1, 2.5 ve
5 mM konsantrasyonlarimin D). melanogaster ergin
fenotipinde kanat, toraks killarn ve g6z yapisi
agisindan herhangi bir degisiklige neden olmadig:
gozlenmigtir. Fakat, SMART ve Comet testlerinin
sonuglar1 g6z 6nunde bulundurulduguna her iki test
icin de sirasiyla mutajenik etkinin (Cizelge 1) ve DNA
hasarinin  tetiklendigi  gozlenmistir  (Sekil 4).
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Drosophila SMART testinden elde edilen sonuclar
Cizelge 1'de gosterilmistir. TMPTA'nin hem normal
kanat fenotipine sahip bireylerden elde edilen hem de
serrat kanat (mwh/TM3) fenotipine sahip bireylerden
elde edilen kanatlarda uygulanan TMPTA
derisimlerinde (0.5, 1, 2.5 ve 5 mM) ikiz klon
gozlenmemig olup, biyik tek tip, kigik tek tip,
toplam mwh klonlar ve toplam klonlarda istatistiksel
anlamda o6nemli pozitif sonuclar elde edilmistir
(Cizelge 1).

Bu Dbaglamda, wuygulanan konsantrasyonlarin
hepsinin Drosophila SMART yo6nteminde mutajenik
etki gosterdigi tespit edilmistir. Ayrica pozitif kontrol
olarak kullanilan EMS (1 mM) giiclii rekombinojenik
ve mutajenik etkisi ile tum klon tiplerinde pozitif
sonu¢ géstermistir. Drosophila Comet testinden elde
edilen sonuglar Sekil 4’te gésterilmigtir.

Sonucglar ortalama + standart hata seklinde
hesaplanmistir. Pozitif kontrol olarak 4 mM EMS,
¢ozlici kontrol olarak %0.5 DMSO uygulanmigtir.
TMPTA konsantrasyonlari ve pozitif kontrol c¢oziicii
kontrol 1ile, c¢oziici kontrol distile su ile
karsilastirilmis ve t testi uygulanmistir (*= p<0.001;
*¥*= p<0.001; ***= p<0.001).

Gergeklestirilen istatistiksel analizler sonucunda,
TMPTA konsantrasyonlarmin (0.5, 1, 2.5 ve 5 mM)
Drosophila hemositlerinde % kuyruk yogunlugu
parametresi agisindan ¢oziicii kontrol ile istatistiksel
acidan (p<0.05) onemli  fark  oldugu ve
konsantrasyona baglhi bir bicimde DNA hasan
olusumunu arttirdig1 tespit edilmistir. Coéziici kontrol
(%0.5 DMSO)un distile su ile karsilastirilmas:
sonucu c¢oziici kontrol ile distile su arasinda
istatistiksel bir fark olmadig: tespit edilmistir.

Literatiirdeki in wvitro c¢alismalarin sonugclari
incelendiginde, TMPTA’nin bakteriyel mutasyon testi
Ames testi 1le mutajenitesi hakkinda farkh
arastirmacilar tarafindan yapilmig ¢cok sayida ¢alisma
mevcuttur (Ames ve ark.,, 1975, Gelbk, 1989;
Cameron ve ark., 1991; Anonim, 2018; Anonim, 2021).
Bu caligmalarin sonuglar1 géz o6nlinde alindiginda
gogunlukla TMPTAnin c¢alisilan suglarda ve
konsantrasyonlarda mutajenite olusturma bakiminda
negatif (Anonim, 2018) ve baz1 suslarda ve
konsantrasyonlarda ise zayif pozitif etkiler (Gelbk,
1989) gosterdigi tespit edilmistir. Memeli hiicre
kiltiri mutajenite testlerinden biri olan Fare
Lenfoma testinde (Mouse Lymphoma Assay-MLA)
testi kullanmilarak TMPTA’'min mutajenik etkileri
farkli arastirmacilar tarafindan arastirilmis (Myhr,
1979; Dearfield ve ark., 1989; Moore ve ark., 1989;
Cameron, ve ark., 1991) ve sonuc olarak £k mutasyon
sonuclari elde edilmistir. Moore ve arkadaslar: (1989)
tarafindan  yapilan ¢alismada, fare lenfoma
hicrelerinde TMPTA uygulamasimin MLA’da kiigik
koloni ¢tk mutantlarinin sikhiginin  kontrole gére
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Cizelge 1. Drosophila SMART testinde TMPTAmin genotoksik (mutajenik) etkisi
Table 1. Genotoxic (mutagenic) eftect of TMPTA in the Drosophila SMART test

TMPTA IS{:;ZT Ku(ﬁk tlek tip Bﬁ}ﬁk tlek tip 1kiz( klon)lar To%an’i mwh Toplam Klon
(mM) onlar onlar m=5 onlari indiiksi
N (Q-2celly) (m=2) 2 cells) (m=2) klonlar Crekans:
(m=5) (m=2) (105 hiicre)

No Fr D No Fr D No Fr D No Fr D No Fr D

Marker heterozigot kanatlar (mwh/flr3) - Normal Kanat

Distile Su 80 9 (0.11) 2 (0.03) 0  (0.00) 11 (0.14) 11 (0.14) 0.56
Goztict 80 11 (.14 i 2  (0.03) i 0 (0.00) i 13 (0.16) i 13 (0.16) i 0.67
Kontrol

1 mM EMS 80 59 (0.74) + 71 (0.89) + 8 (0100 + 118 (1.48) + 138 (1.73) + 6.05

0.5 80 34 (0.43) + 9 (0.11) + 0 (.00 i 43  (0.54) + 43 (0.54) + 2.20
1 80 38 (0.48 + 16 (0.200 + 0 (0.000 i 54 (0.68) + 54 (0.68) + 2.77
2.5 80 49 (0.61) + 20 (0.25) + 0 (000 i 65 (0.81) + 69 (0.86) + 3.33
5 80 42  (0.53) + 21 (0.26) + 0 (.00 i 62 (0.78) + 63  (0.79 + 3.18

Balancer (Dengeleyici) heterozigot kanat (mwh/TM3) - Serrat Kanat

Distile Su 80 12 (0.15) 2 (0.03) 14 (0.18) 14  (0.18) 0.72
Coziict 80 15 (0.19) i 4  (0.05 i 19 (0.24) i 19 (024 i 0.97
Kontrol

1 mM EMS 80 78 (0.98) + 43 (0.549) + 121 (151D + 121 (.51 + 6.20

0.5 80 88 (1.100 + 16 (0.200 + 104 (1.30) + 104 (1.300 + 5.33
1 80 77 (0.96) + 21 (0.26) + 98 (1.23) + 98 (1.23) + 5.02
2.5 80 96 (1.200 + 15 (0.19) + 111 (1.39) + 111 (1.39) + 5.69
5 80 89 (1.11) + 34  (0.43) + 121 (1.51) + 123 (1549 + 6.20

No: degerlendirilen kanat sayisi; Fr: frekans; D: istatistik sonuclarinin gosterimi (Frei ve Wiirgler 1988): +: pozitif; -: negatif; i* 6nemsiz fark; m:carpim
faktori; olasilik dizeyi: 0.05.
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Sekil 4. Comet testinde TMPTA maruziyet sonuglar:
Figure 4. TMPTA exposure results in the Comet test

anlamli olarak arttigi ve ayrica hem Cin hamster
yumurtalik hiicrelerinde (Chinese hamster ovary cell-
CHO) hem de fare lenfoma hiicrelerinde kromozom
aberasyonunu arttigr gosterilmistir ve bu sonuclarin
klastojenik etki ile iligkili olabilecegi belirtilmigstir.
TMPTA’nin klastojenik potansiyeli L5178Y fare
lenfoma hiicreleri ve insan lenfositleri kullanilarak
yapilan kromozom aberasyon testlerinden ve L5178Y
hiicreleri kullanilarak yapilan mikroniikleus (MN)
testlerinden elde edilen pozitif sonuclar ile
dogrulanmistir (Dearfield ve ark., 1989; Haddouk,
2005). TMPTA nin genotoksik etkilerinin
degerlendirildigi  bir derlemede literatiirdeki
calismalar 6zetlenmistir (Kirkland ve Fowler, 2018).

Literatiirde yer alan ¢alismalarda TMPTAmin in vivo
klastojenitesi, farelerde kemik iligi ve periferal kan
orneklerinde MN c¢aligmalar1 1ile arastirilmigtir
(Haddouk, 2006; Anonim, 2012). Ayrica, 3 ve 6 ay
boyunca B6C3F1 or Tg.AC hemizigos farelerde
yapilan cilt maruziyeti (cilt boyama) calismalarinda,
uygulama boélgesinde tahrige ve iltihaplanmaya neden
olan dozlarda TMPTAnmin MNli eritrositlerin
sikhiginda artisa neden olmadigr goézlenmistir
(Anonim, 2012). Bunun yam sira oral yoldan TMPTA
uygulanan farelerde kemik 1iligi polikromotik
eritrositlerinde MN artis1 olmamistir (Haddouk,
2006). Intravensz TMPTA uygulanan CD-1 farelerde
kemik iligi ve karaciger orneklerinde Comet testi
gerceklestirilmistir (Keig-Shevlin, 2017). Yapilan
deneylerin birinde dusik ve orta dozlarda kemik
iliginde Comet kuyruk yogunlugunda 6nemli artiglar
goériilmesine ragmen, diger deneyde sonuglar benzer
dozlarda tekrarlanmamistir ve karacigerde Comet
kuyruk yogunlugunda artis gozlenmemistir (Keig-
Shevlin, 2017). Literatiirde TMPTAmin in vitro diisiik
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konsantrasyonlarda klastojenik etki gosterdigi halde
in vivo olarak ¢ok daha ylksek konsantrasyonlarda
DNA zincir kirilmalarinmi tetikleyememesinin nedenin
acik olmadigi ve bu hususun aciklanmasinda maruz
kalma suresinin kritik bir faktér olabilecegi
belirtilmistir (Kirkland ve Fowler, 2018). In vitro
calismalarda duragan 34 saatlik  TMPTA
uygulamalarinin  DNA  hasar1 ve  kromozom
kiriklarinin tetiklenmesi i¢in yeterli oldugu fakat bu
sonuglarin  olugsmasi1 i¢in dinamik in  wvivo
maruziyetlerin yeterli olmadig1 belirtilmistir. Bunun
en 6nemli bir diger nedeni olarak da memeli saglikli
dokulardaki dogal antioksidan ve detoksifikasyon
yeteneklerinin, sitotoksisite ve DNA hasarina karsi
hiicreleri korumada in vitro kiltirlenmig hiicrelere
gore daha etkili olabilmesi gosterilmektedir (Kirkland
ve  Fowler, 2018). Literatiirdeki calismalar
incelendiginde, bu c¢alismanin sonuglar: ile uyumlu
bir sekilde TMPTA'nin insan lenfositlerinde ve Cin
hamster yumurtali hiicrelerinde (CHO) kromozom
anomalilerini ve muhtemel olarak L5178Y fare
lenfoma hiicrelerinde bir klastojenik etki yolu ile
mutajenik  yanitlarn  tetikledigi  gosterilmigtir
(Dearfield ve ark., 1989; Haddouk, 2005; Anses,
2019). Yapilan bu calismanin SMART sonuclar
TMPTA uygulamasinin D). melanogasterde mutajenik
etkilere neden oldugunu goéstermistir. TMPTAnin
genotoksik ve mutajenik potansiyelinin
degerlendirilmesinde géz o6niinde bulundurulan bir
diger husus deneylerde kullanilan ¢6zlctdir.
TMPTA'nin ¢oéziucu kontroli olarak sirasiyla DMSO
ve Polietilenglikol 400 (PEG-400) kullanmilarak
yapilan bir in vitro ¢alismada, PEG-400’de ¢6ziinen
TMPTA uygulamasi sonuglarimin DMSO’da ¢6ziinen
TMPTA uygulamasina gore 4 kat daha az genotoksik
oldugu tespit edilmistir (Hegarat ve ark., 2020).
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Ozellikle in vivo calismalarda coziicillerin sadece
kimyasal bilesigin kendisini modifiye etmesinin yani
sira ayni zamanda kimyasal bilesigin
toksikokinetigini ve dolayisiyla toksisitesini de
etkileyebilme potansiyeli oldugu belirtilmektedir.
Coziici madde antioksidan ve anti-enflamatuvar
ozellik gostererek kimyasalin tetikledigi biyolojik
yanit1 engelleyebilme potansiyeline sahiptir. Ornegin
PEG-400 ilag formulasyonlarinda kullanilan ve etken
maddelerin gastrointestinal emilimlerini etkileyen
inaktif yapida bir bilesiktir (Ma ve ark., 2017).

SONUC

Yapilan bu ¢alismadan elde edilen sonuglar literatir
ile karsilastirildiginda, cesitli in vitro ¢alismalarda
tetiklenen mutajenik ve genotoksik etki ile benzer
sekilde D. melanogasterde mutajenik ve genotoksik
etkiler gozlenmigtir. Yapilan bu in vivo SMART
calismasinda deneysel maruziyet modeli gz 6niinde
bulunduruldugunda bu maruziyet tipinin Graf
(1995)'1n belirtmis oldugu iizere larvalarda akut degil
kronik maruziyet bigimi oldugu bilinmektedir. Bu
baglamda, literatiiredeki in wvivo c¢alismalarda
maruziyet bicimlerindeki ve canli tlrtndeki
farkliliklardan kaynakli olarak hem genotoksik etki
gbzlenen hem de gézlenmeyen sonuclar gorilmis ve
bu calismada Drosophila SMART ile elde edilen
sonucun aciklanmasinda kronik bir maruziyetin s6z
konusu olmasi nedeniyle maruz kalma siiresinin
kritik bir faktor olabilecegi diisiintilmektedir.

Ilerleyen calismalarda, mekanistik acidan
degerlendirmeler ile TMPTAnin olas1 genotoksik ve
mutajenik etkilerinin farkli test sistemleri ve canli
turleri ile incelenerek aydinlatilmasi gerektigi
disinulmektedir. Ayrica son yillarda TMPTAnin
nanoteknolojik  yontemlerle modifikasyonunu ve
farkli  formlarinin  biyomedikal = malzemelerin
iiretimlerini konu alan calismalarin (Forghani ve
ark., 2018) olmas1 nedeniyle, iiretilen bu modifiye
urinlerin olasi biyolojik etkilerinin degerlendirilmesi
onem tasiyacaktir.

Aragtirmacilarin Katk: Oran1 Beyan Ozeti

Aragtirmanin  tasarimi, verilerin  toplanmasi,
kaynaklarin arastirilmasi, analizlerin yapilmasi ve
makalenin yazimi1 makale yazar1 tarafindan
yapilmigtir.

Cikar Catigmasi1 Beyani

Makale yazar1 herhangi bir ¢ikar c¢atismas:

olmadigini beyan eder.
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ABSTRACT Biology
Androctonus crassicauda scorpion species lives in nature both as a
prey and a predator. So it has venom that can be effective for Research Article

hunting and protection. It can cause venoming and death by stinging
people and animals. It is of great importance to know the ecological

Artichle History

characteristics and density of this scorpion species, especially in Gelig Tarihi  :15.09.2021
regions where venoming cases are high. In the present study, Kabul Tarihi :14.11.2021
Sanliurfa province, where the scorpion species Androctonus

crassicauda is prevalent, was chosen as the research area. 289 Keywords

samples were collected after field studies in all districts of Sanliurfa Scorpion

province. Owing to desolated and stony structure, Androctonus Androctonus crassicauda
crassicauda was observed to be more intensive in Harran district. It Bioecology

was generally found from April to October. The most abundant Population dynamics
period of the species is June, July, and August. Considering the Sanliurfa

seasonal expectation, test results of correlation for a series with non-
normal distribution were listed in two options, Kendall'stau_b
correlation coefficient and Spearman'srho correlation coefficient.
There was a positive correlation of 0,168 (16%) at 1% significance
between month and population for the former (Kendall'stau_b)
coefficient. A positive correlation of 0,231 (23%) at 1% significance
level between month and population for the latter (Spearman'srho)
coefficient. In the view of regional expectation, results of correlation
test for a non-normal distribution were presented in two options. A
negative correlation of 0,099 (9%) was found at 5% significance level
between region and population for the former coefficient. There was
a negative correlation of 0,128 (12%) at 5% significance level between
region and population for the second coefficient. The study revealed a
variation between seasons and districts.

Sanlhurfa Ilinde Yayihg Gosteren Androctonus crassicauda:Buthidae Tiiriiniin Biyo-Ekolojisi Uzerine

Aragtirmalar
OZET Biyoloji
Androctonus crassicauda akrep tiri dogada hem av hem de yirtici
olarak yasar. Bu ylizden avlanma ve korunma igin etkili olabilecek Aragtirma Makalesi
zehirlere sahiptir. Insanlar1 ve hayvanlar: sokarak zehirlenmeye ve . .
6liime neden olabilmektedir. Ozellikle zehirlenme vakalarinin yogun Mak?.le Tarlhge.m
oldugu bolgelerde bu akrep turunin ekolojik o6zelliklerinin ve Received ) 15.09.2021
yogunlugunun bilinmesi biiyiik 6nem tasimaktadir. Bu calismada, Accepted +14.11.2021
arastirma alam olarak Androctonus crassicauda akrep turiinun Anahtar Kelimeler
yaygin oldugu Sanhurfa ili se¢ilmigtir. Sanliurfa ilinin tim Akrep
ilcelerinde yapilan saha ¢alismalar1 sonucunda 289 oOrnek Androctonus crassicauda
toplanmigtir. Harran ilgesinde 1ssiz ve tasli yapist nedeniyle Biyoekoloji
Androctonus crassicauda'min daha yogun oldugu goérulmustir. Popiilasyon dinamizm
Genellikle Nisan'dan Ekim'e kadar bulunmustur. En yogun oldugu Sanlurfa

dénem Haziran, Temmuz ve Agustos aylaridir. Mevsimsel beklenti
gozetilerek ve normal dagilmayan bir seri igin yapilan koralesyon
testi  sonuclari  Kendall'stau_b  korelasyon  katsayis1  ve
Spearman'srho korelasyon katsayisi seklinde iki opsiyon seklinde
listelenmistir. Ilk (Kendall'stau_b) katsay1 icin ay ile popiilasyon
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arasinda %1 anlamhlik seviyesine gore 0,168 (%16) pozitif bir
korelasyon sz konusudur. Ikinci (Spearman'srho) katsay: icin ay ile
popiilasyon arasimnda %1 anlamlilik seviyesine gére 0,231 (%23)
pozitif bir korelasyon oldugu goérunmektedir. Bolgesel beklenti
gozetilerek ve normal dagilmayan bir seri i¢in yapilan korelasyon
testi sonuglar: iki opsiyon seklinde listelenmistir. Onceki katsayi i¢in
bolge ve popiilasyon arasimnda %5 anlamlilik diizeyinde 0,099 (%9)
negatif korelasyon bulunmustur. Ikinci katsayr icin bélge ve
popiilasyon arasinda %5 anlamlilik diizeyinde 0,128 (%12) negatif

korelasyon bulunmaktadar.
arasindaki degisiklikleri ortaya ¢ikarmaktadir.

Bu c¢alisma mevsimler ve

ilgeler
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INTRODUCTION

Scorpion habitats are hot and dry regions, and
generally prefer to stay away from residential areas
(Mansouri et al., 2021). It is a nocturnal animal that
hibernates in winter and is active in warm seasons
(Demir, 2020). Scorpions are at the top of the food
chain because they feed as predators in nature.
Therefore, they are of great importance in keeping
insect populations in balance and in ensuring
ecological balance (Ayhan, 2015). Scorpions are
distributed in subtropical, tropical, and temperate
climate zones on all grand continents and large
islands on earth, except Antarctic and New Zealand
(Nenilin and Fet, 1992; Yagmur, 2011). Scorpions
body size and variety increased towards Equator
(Yaman, 1996; Ozcel and Daldal, 1997; Demirsoy et
al., 2001; Ozkan, 2009). Because scorpions living
under stones, in cracks of trees and under tree barks
mostly choose moist and warm environments, they
are rather found beside plants such as sugar cane,
palm tree, banana tree (Yaman, 1996; Ozkan and
Yaman, 2004; Ozkan and Karaer, 2007; Ozkan, 2009).
Ground scorpions thriving in cracks, hollows, and soil
prefer very dry areas and move deep inside the
ground to seek for a humid environment. The species
Alacran tartarus was observed to go 812 m deep down
in the soil (Ozkan and Yaman, 2004; Ozkan, 2009).

All of the scorpion species are venomous however only
a small number has venom that is fatal to humans.
But scorpion stings cause significant social and
economic impacts on people around the world (Shah
et al., 2018). A majority is as venomous as honeybee.
There is no any danger unless the person who stung
is allergic to that venom. This feature indicates that
the poison is effective, not that the scorpion is deadly.
For example, Aegaeobuthus gibbosus has an potent
venom but 1is not wusually deadly. Although
Compsobuthus matthiesseni species, which is also
found in Sanliurfa province, has a very thin chela, its
poison is quite ineffective (Herms, 1956; Yagmur,
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2005). Scorpions with a dense distribution in all
regions of Turkey are very abundant in the Southeast
and consequently envenomation cases are frequent in
this region (Altinkurt and Altan, 1980; Caliskan,
2008). According to the latest sources, it has been
shown that there are 41 scorpion species in Turkey in
four families (Buthidae, Iuridae, Scorpionidae,
Euscorpiidae) and 15 genera (Filazi and Ozkan,
2021). One of these species, Androctonus crassicauda
which belongs to the family of Buthidae, is a
dangerously venomous species and widely distributed
in the Middle East, including A. crassicauda has been
recorded from Armenia, Azerbaijan, Bahrain, Egypt
(Sinai), Iran, Iraq, Israel, Jordan, Kuwait, Oman,
Saudi Arabia, Syria, Turkey, United Arab Emirates
and Yemen (Fet & Lowe, 2000; Hendrixson, 2006).
Androctonus crassicauda was first detected in
Tuzluca (Igdir) (Birula, 1904; Vachon, 1951; Tulga,
1960; 1964) in our country.

Later, its distribution was determined in most
provinces of eastern and southeastern Anatolia
regions (Vachon, 1947; Vachon, 1951; Tolunay, 1959;
Crucitti, 1999; Crucitti and Cicuzza, 2001; Karatas,
2001; Crucitti, 2003; Yagmur, 2005). It is understood
that A. crassicauda is mostly found in the provinces of
Elazig, Diyarbakir, Sanliurfa, Mardin, Gaziantep,
Adana, Hatay, in the South East Anatolia and East
Anatolia regions of Turkey (Vachon, 1947a; 1951;
Tolunay, 1959; Tulga, 1960; 1964; Merdivenci, 1981;
Crucitti, 1999; Demirsoy et al., 2001; Crucitti, 2003;
Crucitti and Cicuzza, 2001; Crucitti and Vignoli,
2002; Ozkan et al. Filazi, 2004; Karatas and Colak,
2005; Karatag and Kurtilli, 2006; Yagmur et al.,
2008).

In Sanlurfa, this species has been determined to be
both common and effective in scorpion stings (Ozkan
et al., 2006). According to Yagmur et al. (2008), other
records of A. crassicauda known from Sanliurfa are
the village of Horoz, the town of Kisas, the area
around Harran, the area around Birecik, the village
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of Cigcekalan and the village of Korkiiriin. The number
of studies on this scorpion have recently increased in
Turkey and especailly in Southeastern Anatolian
Region (Crucitti, 1999; Crucitti and Cicuzza, 2000;
2001; Crucitti and Vignoli, 2002; Crucitti (2003);
Karatas & Karatas (2003); Karatas & Gharkheloo
(2006); Karatag (2007); Ko¢ and Yagmur (2007),
Yagmur ve ark. 2007; 2008a; 2008b; 2009; Kovari ve
ark., 2010; 2011; 2013; Lowe ve ark., 2014; Kovarik ve
ark., 2018; 2019; Varol ve ark. 2006; Yagmur ve ark.
2008a; 2008b; Yagmur, 2010).

Research on bioecological characteristics and
especially seasonal population dynamics is quite
limited. The present study assessed population
dynamics of Androctonus crassicauda in Sanliurfa
province where scorpion sting is frequent, the species
is commonly found and revealed seasonal variations
with distribution of population size by districts. The
purpose of the selection of Sanhurfa for this species;
considering the ecological conditions, it is seen that
the most suitable habitat and place to breed is
Sanliurfa.

A.crassicauda is an opportunistic species that uses
the innumerable cracks and crevices in the walls of
the rammed earth rural houses, made up of from a
mixture of mud, straw and small Stones. It moves

Bozova

Halfeti

S el N

Karakoprii
Eyyubiye

Legend
SymbollD
® o #—s State Borcor Citations

¥
—

J 7

@ Frovince Center

D
X

/

Haliliye

quickly both on the floor and on the walls, internal
and external, of buildings or ruderal environments
(Crucitti & Cicuzza, 1999; Crucitti, 2003). The
activity of A.crassicauda is carried out with an
ambient air temperature and of the substrate not
lower than 30 °C (Crucitti & Cicuzza, 2001, Crucitti,
2003).

Although Androctonus crassicauda is found under
stones and in the steppe, it is commonly collected in
villages, ruins, adobe houses and steppe lands around
the houses (Crucitti, 2000, 2001; Crucitti and Vignoli,
2002; Crucitti, 2003; Yagmur, 2005; Ozkan, 2009).

MATERIAL and METHOD

Sanliurfa province is located between 36° 40" - 38° 02’
north latitudes and 37° 50’ - 40° 12’ east longitudes. It
is surrounded by Mardin in the east, Syria in the
south, Gaziantep in the west, Adiyaman in the
northwest, and Diyarbakir in the north. Sanliurfa
with 19.451 km? of surface area is the seventh largest
city in Turkey (Figure 1). Summers are very dry and
hot, winters are rainy and relatively mild. Sanliurfa
is located in a region closer to the Equator and far
from the sea effect due to its mathematical location. It
has suitable conditions for scorpions to live.

e

Sanliurfa

oy

Hilvan

Harran

'\: Akcakale

Figure 1. Black Scorpion sampling areas map in the study area of Sanliurfa Province.
Sekil 1. Sanlurfa ili calisma alaninda Kara Akrep ornekleme alanlari haritasi.

Field studies were carried out regularly and in
monthly periods to cover the whole of Sanliurfa. The
localities where the samples were collected are
marked in Figure 1. Scorpions were collected by field

survey during day and night. Field survey carried out
at 21:00-24:00 during night using ultraviolet torch, on
the days with convenient temperature. Samples were
collected with the help of forceps from under stones
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and rocks, bottom of plants and ground (Figure 2). On
the day survey, samples were collected from under
stones, under and inside decayed logs by using
forceps. Samples were kept in jars with plastic lid
then transferred to laboratory.

Live samples were placed in to 18x22x11 cm glass

tanks with some soil, under 50-60% humidity, 26 + 2
°C of ambient conditions in Ecological Sciences
Laboratory (Figure 2). Animals such as grasshopper,
insect, fly were left in the tank to feed them. Samples
that were collected dead were kept in glass jar with
96% ethanol.

\

Figure 2. Images of A. crassicauda sampled in the field and living samples in the laboratory.
Sekil 2. Kalinkuyruklu Akrep’in tarlada ve laboratuvarda yasayan orneklerin goriintiileri.

The studied localities and coordinates are given in
Table 1.

Androctonus crassicauda specimens we collected are
between 80 and 100 millimeters in length. Its color is
black and dark brown, although rarely, dark yellow-
or cream-colored specimens are encountered. The tip
of the telson is black or reddish. The walking legs and
ventral of the mesosomal are lighter in color. Its tail
is curved and its claws are stocky. There are lateral
eyes and there are three. In chela, the manus part is
shorter than the fingers. There are 14 oblique
granules in the fixed finger and 15 in the moving
finger (Figure 3) (Vachon, 1951; 1952a; Demirsoy ve
ark., 2001; Yagmur, 2005; Kuartulli, 2006; Ozkan ve
ark., 2006c; Rein, 2008; Ozkan, 2009). Species
identification key was used to identify species (Levy
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and Amitai, 1980; Farzanpay, 1990; Yagmur, 2011).
Figure 4 shows the general image of the black
scorpion and its body parts. Prosoma is the front part
of the body and the part where the eyes are. The
mesosoma region is the front of the abdomen. The
clamped fourth and fifth segments of the pedipalps
are called Chela. Identified samples were classified
according to location and months, and their averages
and standard deviations were calculated. A series of
correlation tests were listed as Kendall's tau b
correlation coefficient and Spearman's rho correlation
coefficient in order to determine the change in
population density of Androctonus crassicauda
species by months. All statistical analyzes were made
in the SPSS statistical program.
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Table 1. The studied localities and coordinates
Cizelge 1. Calisilan lokaliteler ve koordinatlar

i Coordinates
Localities Altitude (m)
K D
Harran 3651'52.73 3901'52.57 372
Akgakale 3643'02.17 3857'07.22 432
Ceylanpinar 3651'41.93 4003'33.22 366
Virangehir 3713'34.93 3946'33.24 553
Siverek 3744'31.20 3918'47.91 743
Hilvan 3729'12.62 390224.38 672
Bozova 3721'22.90 3832'12.12 592
Birecik 3701'27.07 3759'13.86 425
Surug 3658'32.42 3824'48.98 439
Halfeti 3714'45.83 3752'08.44 430
Eyyiibiye 3708'32.24 3847'44.50 507
Karakoprii 3712'15.68 3846'01.67 587
Haliliye 3710'15.68 3846'01.67 587

Figure 3. Preparation of samples for identification.
Sekil 3. Tanimlama i¢in numunelerin hazirlanmasi.

o 1 2 3 “1 8 L= 7 8 8+ 2 10
edusstindinsdsssdsstimdnalisdsstonssdioaduntisndisshisdustundostind

Figure 4. General appearance and body parts of A. crassicauda

Sekil 4. Kalinkuyruklu Akrep’in genel goriiniimii ve viicut bélimleri.
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RESULTS and DISCUSSION

In this study, since Harran and Eyyiibiye districts
contain suitable habitats for the natural distribution
of scorpions, especially in these districts, it is quite a
lot in areas such as ruined houses, cemeteries, barns,
and the highest collection in these areas is in
harmony with the literature (Crucitti, 2003).

It has been observed that Androctonus crassicauda
prefers arid and hot habitats (Crucitti, 2003) and
spreads in the south of the Eastern Taurus
Mountains (Yagmur, 2011).

A total number of 289 scorpion samples were collected
via day and night survey from the survey area,
Sanliurfa province, in between June 2016 and May
2017. Within the research area, the highest number
of individuals, 54 were collected from Harran district
and secondly from Eyyubiye district with 30

individuals. The lowest number of samples were
collected from Karakoépru with 10 and Haliliye with
12 individuals respectively (Table 1). Desolated and
stony structure of Harran district led Androctonus
crassicauda to be observed more intensively. Species
was seen less frequently in Karakopri and Haliliye
districts because of recent urbanization and
settlement. Research revealed that population size
was smaller in Siverek and Virangehir districts
because of higher altitude and harsh -climate
conditions compared to other districts.

As seen in Table 2, when the seasonal variation of the
collected samples is examined, it has been determined
that winter months are the least frequent, spring and
autumn months are rarely, and summer months are
the most intense.

Table 2. Distribution table of A. crassicauda population in Sanliurfa by sampling areas and months.
Cizelge 2. Sanlhurfa'daki Kalinkuyruklu akrep poptilasyonunun érnekleme alanlari ve aylara gore dagilim tablosu.

Years 2016 2017 Localities
Localities / Months Jun Jul Agu Sep Oct Nov Dec |Jan Feb Mar Apr May Total Average
Harran 9 12 10 7 4 0 0 0 0 1 4 7 54 4.50
Akcakale 6 8 10 5 3 0 0 0 0 0 1 2 35 2.92
Ceylanpinar 5 6 7 3 1 0 0 0 0 0 0 1 23 1.92
Virangehir 3 3 4 2 1 0 0 0 0 0 0 1 14 1.17
Siverek 4 5 5 2 1 0 0 0 0 0 0 2 19 1.58
Hilvan 3 4 5 2 1 0 0 0 0 0 0 1 16 1.33
Bozova 4 5 5 3 2 0 0 0 0 0 0 1 20 1.67
Birecik 3 4 4 1 1 0 0 0 0 0 1 1 15 1.25
Surug 3 3 5 2 1 0 0 0 0 0 0 1 15 1.25
Halfeti 4 5 3 3 1 0 0 0 0 0 0 1 17 1.42
Eyytbiye 9 10 8 6 3 0 0 0 0 0 0 3 39 3.25
Karakopra 2 3 3 1 1 0 0 0 0 0 0 0 10 0.83
Haliliye 3 2 3 2 1 0 0 0 0 0 0 1 12 1.00
Total 58 70 72 39 21 0 0 0 0 1 6 22 289 1.85
Monthly avrg. 4.46 538 554 3.00 162 00 00 0.0 00 0.08 046 1.69

S.deviation

2.26 296 247 1.87 1.04 0.00 0.00 0.00 0.00 0.28 1.13 1.75

Even though seasonal distribution of the scorpion
species A. crassicauda showed small differences by
localities, it was found to display seasonal variation
throughout Sanlhurfa province.

Table 3 shows ANOVA analysis between months,
which is 2,806 for inter-groups F value; 0,002 for P
value. Scorpion population in Sanliurfa was seen to
rise from April to May when they start to emerge, was
at maximum level in July and August, declined
beginning form October and disappeared in November
(Table 2). Sampling survey carried out between
November and March did not found any scorpions.

Table 3. Analysis of ANOVA among different months.
Cizelge 3. ANOVA 'nin farkl aylar arasinda analizi.

One scorpion was sampled in March only in Harran
district.

In general, male individuals are more actively
wandering and foraging as they seek females for
mating. It is also eaten by females. For this reason, as
the number of men is less, it has been observed that
there is a decrease from May to October. However,
since July, the number of offspring or under-adults
has increased due to births.

Table 4 indicates ANOVA analysis between localities,
which is 2.229 for inter-groups F value; 0.013 for P
value.

ANOVA (Months)

Source variation SS df F P-value F crit
Between groups 2563.119 11 233,011 2.806 0.002 1.850
Within groups 12952.286 156 83.027

Total 15515.405 167
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Table 4. Analysis of ANOVA between different localities
Cizelge 4. Farkli lokaliteler arasinda ANOVA analizi.

ANOVA (Localities)

Source variation SS df MS F P-value F crit
Between groups 163.526 12 13.627 2.229 0.013 1.820
Within groups 874.083 143 6.112

Total 1037.609 155

Distribution of scorpions by districts varied
depending on temperature, altitude, humidity, and
habitat conditions. One of our targets is to show the
correlation by giving the increase in the spring, the
activation temperature and humidity measurements,
which reach the highest level in July and August.

Populational status of scorpions were also parallel in
the similar localities (Harran, Akcakale, and
Eyyiibiye) with the most appropriate habitat,
temperature, and altitude for scorpions. In Siverek
and Virangehir districts where altitude is high and
average temperature is lower, scorpion population
was smaller. According to Ko¢ and Yagmur (2007), it
has been determined that the number of males is
higher than females, the activity of females starts
earlier in the year than males, and the activity of
both sexes is at the highest level in August.

Average population density was found to be 1,85
individuals after population study conducted in 13
districts during a year within entire survey area.
Evaluation of mean population by months revealed
that while monthly average of June, July, August,
and September was higher than overall average,
other months remained below overall average. When
mean population was assessed by districts, average
value of Harran, Akcakale and Eyyubiye districts was
greater than overall average (1,85), other districts
had mean population lower than overall average.
Ceylanpinar district displayed average population
which is very close to overall average.

Significant differences were determined between
districts of survey area in terms of population density

(Table 1). These differences were found to be
statistically significant. Considering the seasonal
variation, statistically significant differences by

months were revealed for scorpion population.

Scorpions live in dry and temperate regions, the
number of species increases towards equator (Ozkan
and Karaer, 2007; Ramel, 2010; Kovarik, 2009; Rein,
2010).

During their past in the nature, scorpions has
acquired various levels of adaptation under diverse
ecological conditions (Navidpour et al., 2015).
Scorpions are arthropods with medicinal importance
that can survive in warm and dry environments, are
classified within Arachnida class (Farzanpay, 1990).
Therefore, ecological and climatic conditions are
important parameters for distribution of scorpions.
Sanlurfa, the survey area with 19.451 km?2 of wide
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surface area, is the 7th largest city of Turkey, has
different districts that poses various biogeographical
and ecological conditions. Thus, scorpion populations
of the districts vary too. It was found that Harran,
Akgakale, and Eyyubiye districts of Sanliurfa were
locations convenient for scorpions in terms of their
ecological and climatic conditions and the largest
scorpion population was found in these districts.
Scorpion populations were smaller in the districts
Siverek, Virangehir, Halfeti, Karakoprii and Hilvan
where climate is more harsh and ecological conditions
are not suitable for scorpions. This was compatible
with the literature data about distribution areas of
scorpions (Ozkan and Karaer, 2007; Ramel, 2010;
Kovarik, 2009; Rein, 2010; Navidpour et al., 2015).
Androctonus crassicauda (black scorpion) population
was considerably variant by districts of Sanliurfa.
This difference was statistically significant (df:12,
P=0,013).

It was found that A. crassicauda population displayed
seasonal variation within the survey area (df 11, p=
0,002), population started to increase in May, reached
to maximum size in July and August, declined
beginning from October. These results were parallel
to the findings of other studies conducted in Turkey
(Ozkan et al., 2006), Saudi Arabia (Jarrar et al., 2008)
and Iran (Nazar and Hassan, 2016).

Overall average of the all individuals of A.
crassicauda sampled from the survey area during a
year and all of the districts was 1,8 individuals.
Monthly average of June (4,5 individuals) July (5,4
individuals), August (5,5 individuals), and September
(3,0 individuals) was far above the overall average, it
was below overall average for the remaining months.
By the districts of the survey area, average number of
scorpions found in Harran (4,5), Eyyiibiye (3,3),
Akcakale (2,92), and Ceylanpinar (1,92) was higher
than the overall average, on the other hand
remaining districts were below overall average.

All scorpions have venomous sting and tens of
thousands of people die because of scorpion sting
every year. This mortality ratio is caused by
approximately 25 species of scorpions, including the
speies A. crassicauda (Keegan, 1980; Polis, 1990).
Hazardous results of scorpion sting consist of severe
and fatal hemolysis, acute renal failure, deep necrotic
wound, severe rheumatoid arthritis, temporary and
permanent psychosis, and death (Mohseni et al.,
2013). Scorpion sting remains to be a crucial public
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health problem within Sanliurfa, the survey area,
particularly during summer. Clinical findings and
epidemy of scorpion sting was evaluated in terms of
public health by (Ozkan et al., 2006b) in Sanliurfa
province of Turkey for the first time. The relevant
study revealed that all of the scorpions collected for
identification of the species playing active role in
scorpion sting within the region was A. crassicauda
and scorpion sting cases occurred in August most
(Ozkan et al., 2006; Ozkan, 2009). This result was
compatible with our findings. As the result of this
study, distribution of venomous A. crassicauda (black
scorpion) was determined in the districts of Sanliurfa
and populational status was presented by months.
Results of this study pose significant data for
prevention of and avoiding from scorpion sting in
Sanliurfa province.

In Turkey, scorpion sting which 1is frequent
particularly during summer is an important public
health problem. Since people sleep outside, on the
roof, and garden during summer in Sanliurfa, they
are always exposed to the risk of scorpion sting. It is
necessary to take continuous precautions especially in
months and habitats with abundance of scorpions.
These precautions should be taken as physical,
mechanical and chemical spraying.

As a result, people are vulnerable to scorpion stings,
as there is intensive agriculture and livestock farming
is practiced even in urban centers in many districts.
As a result, people are vulnerable to scorpion stings,
as there is intensive agriculture and livestock farming
is practiced even in urban centers in many districts.
Therefore, we think that Androctonus crassicauda,
which is represented by a dense population in
Sanliurfa, should be protected in its distribution
areas.
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