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Abstract: In this study, it was aimed to investigate the effect of Bellis, a fungicide widely used in agriculture, on plasma total
antioxidant level (TAS), total oxidant level (TOS) and total sialic acid (TSA) levels in Cyprinus carpio. A total of 30 (250-300 g)
C. carpio were used, 10 in each group. Fish were divided into 3 groups as control group, Bellis | group (0.025 mg/L Bellis) and
Bellis 11 group (0.050 mgl/L Bellis). After 14 days of fungicide application to Belllis groups, blood samples were taken from the
fish and their plasmas were obtained. TAS, TOS and TSA levels were measured in the obtained plasma samples. According to
the findings obtained in the study, the TAS level in the control group was found to be statistically significantly higher (p<0.001)
compared to the Bellis-I and Bellis-11 groups. Similarly, TOS and TSA levels in the control group were found to be statistically
significantly lower (p<0.05) compared to the Bellis-administered (Bellis | and Bellis 11) groups. According to these results, it was
concluded that Bellis, which has become widespread in agricultural areas in recent years, may disrupt the antioxidant/oxidant
balance in fish in favor of oxidants, depending on the increasing dose. For this reason, it is important for public health to pay
attention to the consumption of fish, which is an important link of the food chain, from aquatic environments close to agricultural
areas where pesticides are used intensively.

Keywords: Bellis, Cyprinus carpio, Total sialic acid, Total oxidant/antioxidant level

Bellis (fungisit)’in baliklarda total oksidan / antioksidan ve total sialik asit seviyeleri iizerine
etkisi

Ozet: Bu calismada tarrm alaninda yaygm olarak kullamlan bir fungisit olan Bellis’in Cyprinus carpio’da plazma total
antioksidan seviye (TAS), total oksidan seviye (TOS) ve total sialik asit (TSA) seviyelerine etkisinin arastirilmasi amaglandi. Her
grupta 10 adet olmak tizere toplam 30 adet (250-300g) C. carpio kullanildi. Baliklar kontrol grubu, Bellis I grubu (0.025 mg/L
Bellis) ve Bellis IT grubu (0.050 mgl/L Bellis) olarak 3 gruba ayrildi. Bellis gruplarima 14 giinlik fungisit uygulamasinin
ardindan baliklardan kan 6rnekleri alinarak, plazmalari elde edildi. Elde edilen plazma 6rneklerinde TAS, TOS ve TSA seviyeleri
oOlgiildii. Caligmada elde edilen bulgulara gore kontrol grubunda TAS seviyesinin Bellis-I ve Bellis-II grubuna gére istatistiki
olarak anlamli derecede (p<0.001) yiiksek oldugu tespit edildi. Benzer sekilde kontrol grubunda TOS ve TSA seviyelerinin
Bellis uygulanan (Bellis I ve Bellis II) gruplara gore istatistiki olarak dnemli derecede (p<0.05) diisiik oldugu tespit edildi. Elde
edilen bu sonuglara gore son yillarda tarim alanlarinda kullanimi yayginlasan Bellis’in artan doza bagli olarak baliklarda
antioksidan/oksidan dengeyi oksidanlar lehine bozabilecegi sonucuna varildi. Bu nedenle besin zincirinin dnemli bir halkasi olan
baliklarin besin olarak tiiketiminde, zirai ilaglarinin yogun kullanildigi tarim alanlarma yakin sucul ortamlardan yakalanip
yakalanmadigina dikkat edilmesi toplum saglig1 agisindan 6nemlidir.

Anahtar Kelimeler: Bellis, Cyprinus carpio, Total sialik asit, Total oksidan/antioksidan seviye

© EJBCS. All rights reserved.
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1. Giris

Diinyada hizli niifus artis1 ve endiistrideki gelismeler pek
¢ok ¢evre sorununu da beraberinde getirmistir. Meydana
gelen bu gevre sorunlarmin baginda gelen su kirliligi, sucul
ekosistemi ve insan sagligini tehdit eder duruma gelmistir.
Sularin  kirlenmesine endiistriyel atiklar, deterjanlar,
ilaglar, agir metaller, petrol iriinleri ve pestisitler neden
olmaktadir (Ozkan ve ark. 2009; Ahuja 2013; Deveci ve
ark. 2021; Berber ve ark. 2021). Yirminci yiizyilin
baslarindan itibaren asir1 pestisit kullanimi dogal ¢evreyi
ve insan sagligini olumsuz yonde etkilenmeye baglamistir.
Tarim zararlilartyla miicadelede kullanilan pestisitler,
toprakta uzun siire bozulmadan kalabilmekte ve gevredeki
diger canlilar {izerinde olumsuz etkilere yol agabilmektedir
(Abdollohi ve ark. 2004; Deveci ve ark. 2017; Deveci ve
ark. 2021). Toprakta bozunmadan kalan bu pestisitler
besin  zinciri  yoluyla bircok canliya  gecerek
biyokonsantrasyona neden olmaktadir. Besin zinciri
araciligiyla viicuda alinan pestisitler ve bunlarn yikim
irinleri zamanla doku ve organlarda  ¢esitli
olumsuzluklara neden olmaktadir (Deveci ve ark. 2015;
Strungaru ve ark. 2019; Kayhan 2020)

Tarim alanlarinda genellikle misir, bugday, arpa, zeytin,
Antep fistig1, cesitli sebze ve meyvelerde bitki hastalik
etkeni mantarlara kargi siklikla fungisitler kullanilmaktadir
(Chen ve ark. 2008; Avenot ve ark. 2008; Temiz 2019).
Son yillarda Tiirkiye’de 6zellikle Gaziantep ve ¢evresinde
Antep fistifl, zeytin ve nar zararlilart ile miicadelede
kullanimi artan fungisitlerden biri de Bellis®’tir. Bellis®
(%25.2 Boscalid + %12.8 Pyraclostrobin, WG), anilid ve
strobilurin birlesiminden meydana gelmektedir. Boscalid,
anilid fungisitlere ait yeni bir genis spektrumlu fungisittir.
Strobilurinlerden ve diger ¢ogu fungisitten etki sekli ve
etki alani yoniinden farklilik gostermektedir. Boscalid,
mitokondriyal elektron tagima zincirinde kompleks II’yi
inhibe ederken, piraklostrobin, kompleks III’li inhibe eder
(Avenot ve ark. 2008; Lagunas-Allué ve ark. 2015;
Ozkiling 2018; Aksakal 2020).

Baliklar sucul ekosistemdeki kirliligin (pestisit, agir
metaller ve diger kimyasallar) ve bu kirliligin diger
canlilar tzerindeki etkilerinin tespit edilmesinde bir
biyobelirte¢ olarak kullanilmaktadir (Van der Oost ve ark.
2003, Isik ve Celik 2008, Deveci ve ark. 2017, Nur ve
Deveci 2018, Temiz 2019). Birgok g¢evresel faktor
canlilarda reaktif oksijen tiirlerini (ROT) uyararak hiicre ve
dokularda oksidan molekiillerin sayisini arttirmaktadir (Li

ve ark. 2011, Deveci ve ark. 2021). Pestisitlerin
toksikasyonu sonucu hiicre ve dokularda meydana gelen
oksidan molekiiller antioksidan savunma sistemini

olumsuz yonde etkilemektedir. (Kaya ve ark. 2014; Deveci
ve ark 2017; Nur ve Deveci 2018; Temiz 2019). Kanda ve
diger dokularda hem antioksidan hem de oksidan
molekiillerin tek tek Ol¢limiinden ziyade TAS ve TOS
Ol¢timiiniin, organizmanin oksidan/antioksidan dengesinin
belirlenmesinde daha uygun olabilecegi bildirilmektedir
(Erel 2004; Erel 2005).
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Yapilan bu g¢alismada, son yillarda Gaziantep yoresinde
tarim alanlarinda mantar hastaliklarma karsi kullanimi
artan fungisit Bellis’in Cyprinus carpio’da plazma total
antioksidan seviye (TAS), total oksidan seviye (TOS) ve
total sialik asit (TSA) seviyeleri iizerine etkisinin
aragtirtlmasi amaglandi.

2. Materyal ve Metot

Bu ¢aligmada Islahiye Tahtakoprii Baraji’ndan yakalanan,
250-300 g agirligindaki toplam 30 adet Cyprinus carpio
kullanildi. Calismaya baslanilmadan o6nce kullanilan
polietilen tanklar dinlendirilmis su ile yikanarak su
doldurulmus ve su dinlendirildikten sonra baliklar tanklara
almmistir. Su kalitesini izlemek i¢in her tanktaki su
ornekleri giinliik olarak analiz edildi. Baliklar daha sonra
laboratuvara getirilerek polietilen tanklar igerisinde 5 giin
boyunca yeni ortamlarina uyum saglamalari i¢in bekletildi.
Yeni ortama uyum saglamalarinin ardindan her bir grupta
10 balik olmak iizere 3 gruba ayrildi. Kontrol grubundaki
baliklarin tanklarina higbir madde eklenmeksizin normal
su konuldu. Bellis I grubu baliklar 0.025 mg/L, Bellis 11
grubu baliklar ise 0.050 mg/L oraninda Bellis® (%25.2

Boscalid + %12.8 Pyraclostrobin, BASF TURK)
uygulanan tanklarda bekletildi. Fungusitin baliklar
tarafindan  absorbsiyonu ve buharlasma faktorleri

digiiniilerek, her giin suyun degistirilmesi (APHA, 1981)
ve yeni doz uygulamalarinin yapilmasi saglandi. 14 giiniin
sonunda baliklardan kan 6rnekleri kaudal venadan alindi.
Alman bu kan ornekleri 3000 rpm’de 10 dakika santrifiij
edilmek suretiyle plazmalari elde edildi ve analizler
baslayincaya kadar -20 °C de muhafaza edildi. Plazma
TAS ve TOS analizi ticari kitler (REL Assay Diagnostics,
Gaziantep, Tiirkiye) kullanilarak spektrofotometrede
yapild1 (Erel 2004; Erel 2005). Plazma TSA analizi ise
Sydow (1985)’un metoduna gére yapildi.

Istatistiksel Analiz

Elde edilen verilerin istatistiksel analizi SPSS 21.0 paket
programiyla gerceklestirildi. Gruplar arasinda TAS, TOS
ve TSA agisindan farklilik olup olmadigini belirlemek igin
tek yonlii varyans analizi (One Way ANOVA) kullanildi.
Anlamli farklilik oldugu goriilen gruplarda hangi gruplar
arasinda farklilik oldugunu belirlemek i¢in Post-Hoc
(Tukey LSD) analizi yapildi. Elde edilen sonuglar ortalama
+ standart sapma (X+SD) seklinde verildi. p<0.05 degeri
istatistiksel olarak anlaml kabul edildi.

3. Bulgular

Deneysel ¢aligsma igin yasadiklart tanklara 0.025 ve 0.050
mg/L Bellis fungisit eklenen (Bellis 1 grubu, Bellis 11
grubu) ve herhangi bir sey eklenmeyen kontrol grubu
baliklardan elde edilen plazma analiz sonuglar1 ve bunlara
ait parametrelerdeki degisim Tablo 1.’de verilmistir.
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Tablo 1. Bellis uygulanan ve uygulanmayan Cyprinus carpio’da
TAS, TOS ve TSA seviyelerinin karsilastirilmast.

PARAMETRELER Kontrol Bellis | Bellis 11 p
grubu grubu grubu
TAS 0.56+0.048%  0.46+£0.040°  0.45+0.060° *
(mmol Trolox eq/L)
TOS 4.93+£0.33°  5.84+£0.58"  6.17x0.60°  *
(p.mol HzOz eq /L)
TSA (mg/dL) 35.87+3.18%  42.93+3.96° 40.99+£3.23° **

&b Aym satirda farkli harflerle gosterilen degerler istatistiksel olarak
farklidir (": p< 0.001, ™ p< 0.05).

Tanklarda kullanilan su kalitesi baliklarin toksik maddeye
kars1 gelistirdigi tepki lizerinde etkili fiziko-kimyasal bir
parametre  oldugundan giinliik olarak izlenmistir.
Kullanilan tanklardaki su kalitesi incelendiginde, su
sicaklign ortalama 2042 °C, ¢oziinmiis oksijen 8.6+0.7
mg/L ve total sertlik 228+9.9 CaCO3z mg/L olarak tespit
edilmigtir.

Herhangi bir uygulama yapilmayan kontrol grubu baliklara
ait plazma 6rnekleri, 0.025 mg/L Bellis fungisit uygulanan
Bellis-1 grup ve 0.050 mg/L Bellis fungisit uygulanan
Bellis-II grup baliklara ait plazma O6rnekleri ile
karsilastirildi. Buna goére kontrol grubu baliklarda TAS’in
diger gruplara gore anlamli derecede (p<0.001) yiiksek
oldugu, TOS ve TSA seviyelerinin ise istatistiki olarak
onemli derecede (p<0.05) diisiik oldugu belirlendi.

4, Tartisma

Diinyada oldugu gibi iilkemizde de tarim sektdriinde iiriin
kaybma yol acan =zararllarla miicadelede pestisitlerin
kullanimi giderek yayginlasmaktadir Pestisitler tarim
zararlilariyla miicadele sonucu {irlin miktarinda artig
saglasalar da bunlarin uzun siireli ve bilingsiz kullanimlari
sonucu ekosistem ve insan sagligi olumsuz ydnde
etkilemektedir (Kaya ve ark. 2012; Deveci ve ark. 2021).
Son yillarda sucul ekosistemde toksisitenin
belirlenmesinde ve tarimda kullanilan kimyasallarin diger
canlilar {izerindeki olas1 etkilerinin 6ngdriillmesinde
baliklar yaygin olarak kullanilmaktadir (Selvi ve ark.
2004; Kaya ve ark. 2014; Yilmaz ve ark. 2017; Deveci ve
ark. 2017).

Pestisite maruz birakilan baliklarla yapilan bazi
caligmalarda, pestisit maruziyetinin balik hiicre ve
dokularinda antioksidan molekiillerin miktarini azalttigi,
oksidan molekiillerin miktarini arttirdigi ve oksidatif strese
yol actig1 bildirilmektedir (Kaya ve ark. 2014; Mirvaghefi
ve ark. 2016; Deveci ve ark. 2017; Yilmaz ve ark. 2017;
Nur ve Deveci, 2018). Bellis’in etken maddesi olan
boscalid’in kullanildig: bir ¢alismada, etken maddenin lipit
peroksidasyonuna neden oldugu ve artan dozuna bagh
olarak  malondialdehit (MDA) diizeyinin  arttigi,
antioksidan enzim aktivitelerinin ise azaldig1 bildirilmistir
(Aksakal, 2020). Zang ve ark. (2017) zebra balig1 iizerinde
Bellis’in etken maddelerinden boscalid’in toksik etkisine
baktiklar1 ¢aligmada katalaz, glutatyon peroksidaz,
stiperoksit dismutaz aktivelerinin ve MDA diizeylerinin
boscalid konsantrasyonuna ve maruz kalma siirelerine gore
degisiklik gosterdigini bildirmistir. Buna gore calismanin
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7. giniinde antioksidan enzimlerin aktivitelerinin
artmasinin nedenini meydana gelen oksidatif strese bir
yanit oldugunu, 21 giinlik uygulamada ise oksidan
molekiil miktarinda énemli bir artig oldugunu bildirmistir.
Farkli pestisitlere maruz birakilan baliklarla yapilan
oksidatif stres ¢aligmalarinda baliklarin kan ve farkli doku
orneklerinde total oksidan seviyenin arttigi, total
antioksidan seviyenin ise azaldig1 bildirilmistir (Kaya ve
ark 2014; Mirvaghefi ve ark. 2016; Yilmaz ve ark. 2017,
Deveci ve ark. 2017; Azimzadeh ve Amniattalab 2017;
Nur ve Deveci 2018; Sahindz 2019). Yapilan bu ¢alismada
ise yukarida farkli pestisitlerle yapilan balik ¢calismalarina
benzer sekilde farkli dozlarda Bellis fungisit uygulanan
baliklarda total oksidan seviyenin arttig1, total antioksidan
seviyenin ise azaldig tespit edildi.

Sialik asit (SA), noraminik asitin ag¢illenmis tiirevi olup
biyolojik membranlarin 6nemli yapitaslarindandir. Sialik
asit akut faz proteini olarak da gorev yapmaktadir. Total
sialik asit (TSA) ise serbest, proteine ve lipide bagl sialik
asidin toplamu olarak ifade edilmektedir (Karapehlivan ve
ark. 2007; Merhan ve Ozcan 2004). Oksidatif stresin hiicre
yilizeyindeki oligosakkaritlerden sialik asit saliimini
baslatabilecegi, bunun da TSA diizeylerini arttiracagi
bildirilmektedir (Eguchi ve ark. 2005; Kaya ve ark. 2014).
Yilmaz ve ark. (2017) pestisit (Dimethoate) maruziyetine
biraktiklar1 baliklarla yaptiklari bir caligmada, pestisit
maruziyetine kalan baliklarda kontrol grubu baliklara
oranla TSA seviyelerinin 6nemli derecede arttigini,
askorbik asitin ise artan TSA seviyelerini disiirdiigiinii
bildirmiglerdir. Benzer sekilde pestisite maruz kalmis
baliklarla yapilan bir¢ok caligmada pestisit maruziyetinin
oksidatif strese neden olabilecegi, bunun da baliklarda
TSA seviyelerini arttirabilecegi bildirilmistir (Kaya ve ark.
2012; Deveci ve ark. 2016; Azimzadeh ve Amniattalab
2017).

5. Sonug

Tarmmsal alanlarda yogun olarak kullanilmakta olan
Bellis’in baliklarda TAS, TOS ve TSA seviyelerinde
onemli degisiklikler meydana getirebilecegi, bu yeni
fungisitin baliklardaki oksidatif stres parametrelerini
etkilemesi sonucu bu baliklar tiketen diger canlilarin
antioksidan savunma  sistemini zayiflatabilecegi
gozlemlenmistir. Buna gore pestisitlerin sik kullanildigt
tarim alanlarma yakin dere, gol, irmak ve barajlardan
yakalanan baliklarin tiiketiminin insan saghgmi tehdit
edebilecegi sonucuna varildi. Yapilan genis literatiir
taramasina ragmen Onemli bir fungisit olan Bellis’in
baliklarda TAS, TOS ve TSA seviyelerini aragtiran
herhangi bir g¢aligmaya rastlamadik. Bu yoniiyle bu
calismanin daha sonra yapilacak olan calismalara 6nemli
bir referans olacagini diisiinmekteyiz.

Yazar katkilan

Tim yazarlarin makaleye katkis1 esit olup, yazarlar
makalenin son halini okuyup incelemistir.

Cikar catismasi

Yazarlar arasinda herhangi bir ¢ikar ¢atigmasi yoktur.
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Ozet: Son yillarda gelisen teknoloji ile birlikte yeni teknolojik iiriin olarak nanopartikiillerin (NP, <100 nm) iiretimi ve farklt
alanlardaki kullanimlart hemen her alanda giderek yayginlasmistir. Sahip olduklar birgok avantaj sayesinde ¢ok farkli alanlarda
kullanilan NP’lerin insan sagligina ve gevreye etkileri hakkindaki bilgiler hala ¢ok yetersizdir. Bu nedenle son teknoloji tiriinii bu
maddelerin genotoksik potansiyellerinin tespiti bu maddelerin biyogiivenilirligi bakimindan 6nemlidir. Resveratrol (3, 4', 5-
trihidroksi-stilben: RSV) iiziim ¢ekirdeginde bol miktarda bulunan ve son yillarda farkli mekanizmalardaki yardimer etkileri
tizerinde yogun ¢aligilan dogal bir antioksidandir. Bu ¢aligmada, Drosophila melanogaster’de somatik mutasyon ve rekombinasyon
testi (SMART) ve tek hiicre alkali jel elektroforezi testi (KOMET) kullanilarak Kobalt nanopartikiillerinin (Co NP)
genotoksisitesine karst RSV ’{in antigenotoksik etkisi aragtirtlmigtir. SMART genetik degisimleri genis bir spektrumda hizli ve ucuz
sekilde belirlemeye yarayan giivenilir bir yontemdir. KOMET ise 6zgiin hiicrelerde degisen alkali lezyonlar1 ve DNA’daki tek iplik
kiriklarini tespit eden farkli genotoksik ajanlar ile indiiklenen genetik hasarin belirlenmesinde giiglii ve duyarli bir tekniktir. Yapmis
oldugumuz ¢aligma kapsamimda SMART ve KOMET yontemleri ile degerlendirilen ve somatik hiicreler olan kanat imajinal disk
hiicrelerinde ve Drosophila hemositlerinde genotoksik etkiye sahip oldugunu tespit ettigimiz Co NP’lerinin (10mM) RSV ile hem
on uygulamali hem de es zamanl ¢aligmalarinda Co NP’lerinin genotoksik etkisine karst RSV iin uygulanan tiim dozlarda (0.1,

0.5 ve 2.5 mM) antigenotoksik etkiye sahip oldugu gozlenmistir.

Anahtar Kelimeler: Drosophila melanogaster, Kobalt nanopartikiilii, Resveratrol, Antigenotoksisite, SMART, KOMET

Antigenotoxic effect of resveratrol against genotoxicity induced by cobalt nanoparticles in
somatic cells of Drosophila melanogaster

Abstract: With the developing technology in recent years, the production of nanoparticles (NP, <100 nm) as a hew technological
product and their use in different fields have become increasingly widespread in almost every field. Although NPs are widely used
in many different fields due to their many advantages, the information about their effects on human health and the environment is
still very insufficient. Therefore, the determination of the genotoxic potential of these state-of-the-art substances is important for
their biosafety. Resveratrol (3, 4', 5-trihydroxy-stilbene: RSV) is a natural antioxidant that is abundant in grape seeds and its
auxiliary effects in different mechanisms have been studied intensively in recent years. The antigenotoxic effect of RSV against
genotoxicity of Cobalt Nanoparticles (Co NPs) was investigated using single cell alkaline gel electrophoresis test (KOMET).
SMART is a reliable method for quickly and inexpensively detecting a wide spectrum of genetic changes. KOMET, on the other
hand, is a powerful and sensitive technique for the detection of genetic damage induced by different genotoxic agents that detect
altered alkaline lesions and single strand breaks in DNA in specific cells. Within the scope of our study, Co NPs (10mM) which
were evaluated by SMART and KOMET methods and we found to have genotoxic effects in wing imaginal disc cells which are
somatic cells and Drosophila hemocytes, were able to resist the genotoxic effect of Co NP in both pre-application and simultaneous
studies with RSV. It was observed that RSV had an antigenotoxic effect at all doses (0.1, 0.5 and 2.5 mM).

Keywords: Drosophila melanogster, Cobalt nanoparticle, Resveratrol, Antigenotoxicity, SMART, COMET
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1. Giris

“Nanoteknoloji” terimi Nobel 6diillii bilim insan1 Richard
P. Feynman tarafindan sunuldugu andan itibaren bir
arastirma alani olarak tanimlanmistir ve gilinlimiizde de
kullanilmaktadir (Feynman 1960, Khan ve ark. 2019). Bu
gelismeyi takiben nanoteknoloji alaninda yapilan
aragtirmalar ile nano 6lgek diizeyinde malzemeler iiretilerek
cok onemli bir asamaya gecilmistir (Khan ve ark. 2019).
Nanopartikiiller (NP’ler) olarak tanimlanan bu malzemeler,
en az bir boyutu 100 nm’den kiiciik olan partikiilat
maddeleri igeren genis bir malzeme snifi olarak
tanimlanmistir (Laurent ve ark. 2008). NP’ler farkli
kriterlere  gore  smiflandirilabilmektedirler.  Bunlar;
kdkenlerine gore; dogal ve antropojenik, boyutlarina gore;
1-10 nm, 10-100 nm ve 100 nm’den biiyiik olanlar ve
kimyasal bilegenlerine gore; inorganik maddeler, organik
maddeler ve elementler seklindedir (Strambeanu ve ark.
2015). NP’ler laboratuvar kosullarinda sentetik olarak
tiretilmesinin yani sira dogal olaylar sonucunda da meydana
gelebilmektedir. NP’lerin dogal kaynaklar1 arasinda
volkanik kiil, ¢6l tozlari, aerosoller Ornek olarak
verilebilmektedir (Bernhardt ve ark. 2010, Strambeanu ve
ark. 2015).

NP’ler ¢ok farkli gesitte ve boyutta olabilmeleri sayesinde,
ilaglarin farmakolojik ve terapotik etkilerini gelistirme,
molekiiler goriintilleme, ilag dagitimi ve ayrica NP’lerin
ylizeylerine baglanabilecek fonksiyonel gruplar sayesinde
de tiimérlerle miicadele i¢in yeni yontemler olmak {izere
cesitli alanlarda siklikla kullanilmaktadirlar (Krishna ve
ark. 2017). NP’lerin {iretimi ve tiiketici kullanimu
sonrasinda ¢evre, ekosistem ve sular bu materyaller ile
kontamine olmaktadir (Barker ve ark. 2006). Bu cevresel
kontaminasyonun yani sira insanlar, gida {riinlerinde
nanoteknoloji kullanimimin yayginlagmasi sonucunda da bu
materyallere maruz kalabilmektedir (Theodore ve Kunz
2005).

Ayrica NP’lerin endiistriyel teknolojideki kullanimi
artmasina ragmen bu partikiillerin insan sagligindaki olasi
zararl etkileri tartigilmaktadir (Colvin 2003, Gogotsi 2003,
Nel ve ark. 2006). insanlarm 6zellikle metal bazli NP’lere
olan maruziyeti, NP’lerin dogal olarak ortaya ¢iktiklari su,
hava ve NP’lerle kontamine olmus gida iiriinlerinde bir
kirletici madde olarak bulunmalar1 veya antropojenik
faktorlerdeki giderek artan aktivite nedeniyle dnemli 6l¢iide
artmaktadir (Mahmoud ve ark. 2016).

Ozellikle son yillarda yapilan pek ¢ok ¢alisma, disaridan
yiyecekler yoluyla veya ek olarak koruma amaciyla alinan
pek cok koruyucu molekiiliin savunma sisteminin yetersiz
kaldig1 durumlarda organizmay1 gesitli kimyasallarin ve
serbest radikallerin zararli etkilerine karsi korudugunu
gostermistir (Gokpinar ve ark. 2006, Demir ve ark. 2008a,
b, 2009, 2010, 2013a, 2013b). Bundan dolay1 bu galigma
kapsaminda laboratuar kosullarinda Co NP’lerinin (10mM)
indiikledigi genotoksik hasara karsi resveratroliin (RSV)
anti-genotoksik etkileri in vivo Drosophila SMART ve
KOMET yontemleri kullanilarak —arastirilmistir.  Son
yillarda NP’lerin endiistriyel teknolojideki kullaniminin
artmasina ragmen 6nemli hedeflerden olan genetik materyal
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ve cevreye olasi zararli etkileri tartisilmaktadir (Lux Report
2008). Bu baglamda yapmis oldugumuz ¢alisma literatiire
katkida bulunmaktadir.

2. Materyal ve Metot
2.1. Kimyasallar

Co NP’leri (CAS No: 7440-48-4) ve RSV (CAS No: 501-
36-0), Sigma Aldrich (USA) firmasindan temin edilmistir.

2.2. Nanopartikiil Karakterizasyonu

Co NP’leri, Tecnai G2 F30 model cihaz ile Transmisyon
Elektron Mikroskobu (TEM) ile goriintiilenmistir. Ayrica
partikiil biiyiiklik dagilimi ve Zeta potansiyel Slglimleri
Malvem Zetasizer Nano-ZS model cihaz ile yapilmistir.

2.3. Drosophila Kanat
Rekombinasyon Testi (SMART)

Drosophila SMART yontemi, Drosophila kanat imajinal
disk hiicrelerinde olusan genetik degisimler sonucu
heterozigotlugun kaybolmast ve farkliligin fenotipte
gozlenmesi esasina dayandig1 ve nokta mutasyon, delesyon,
kromozomlarda ayrilmama ve rekombinasyon gibi bir¢ok
genetik sonucun belirlenebildigi bir test sistemidir (Graf ve
ark. 1984). Bu ¢aligmada, normal metabolik aktiviteye sahip
mwh / mwh ve flr® / TM3, Bd® bireylerin gaprazlanmasr ile
elde edilen transheterozigot larvalar kullanilmistir. Yapilan
caprazlamalar agagidaki gibidir:

@f1r3 /TM3,BdS X @ mwh / mwh ()

Kuru halde bulunan Drosophila hazir besininin
(Drosophila Instant Medium) yaklagik 4.5 grami1 hazirlanan
test edilecek madde derisimlerinin 9 mL’si ile 1slatilarak
farkli uygulamalar gergeklestirilmistir. Biitiin caligmalar
sabit sicaklik ayarli inkiibatorde (25+1 °C) yapilmustir.
Uygulamalar sonunda elde edilen bireylerin kanat
preparatlar1 Graf ve ark. (1984)’nin metoduna gore stereo
mikroskop altinda hazirlanmigtir. Hazirlanan preparatlar
151k mikroskobunda 40X biiyiitmede incelenmis ve elde
edilen veriler Kaya ve ark. (2000)’nin metoduna gore
smiflandirilarak bu test i¢in kullanilan Microsta istatistik
paket programi ile degerlendirilmistir (Frei ve Wiirgler
1988, Kaya ve ark. 2000).

2.4. Alkali Tek Hiicre Jel Elektroforezi Testi (KOMET)

Somatik Mutasyon ve

Bu calisma kapsaminda incelenecek olan Co NP, RSV ve
birlikte uygulamalarimin  Drosophila  hemositlerinde
muhtemel DNA hasar1 etkisi KOMET testi ile
belirlenmistir. Drosophila hemosit izolasyonu Irving ve ark.
(2005) metoduna gore gergeklestirilmistir. Hiicreler fosfat
tamponu (PBS) ile siispanse edilerek diisiik erime 1sisina
sahip agaroz (LMA) ile hizli bir sekilde karistirilmis ve
normal erime 1sisina sahip agaroz (NMA) ile kaplanmis
lamlar iizerine yayilmistir. Lamlar soguk plakada
bekletilmis ve sonrasinda igerisinde lizing soliisyonu (2.5 M
NaCl, 100 mM Na;EDTA, 10 mM Tris, %1 Triton X-100
ve %1 N-lauroylsarcosine sodium salt solution, pH = 10)
bulunan etrafi 151k almayan salelere yerlestirilmistir. Lizing
islemi sonrasinda preparatlar elektroforez tankinda bulunan
solisyon (1 mM NaEDTA ve 300 mM NaOH, pH = 13)
icerisine  konularak burada 30 dakika beklemesi
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saglanmistir. Daha sonra, 25 V, 300 mA’de 30 dakika
elektroforez ylriitme islemi gergeklestirilmistir.
Elektroforezden sonra lamlar, igerisinde noétralizasyon
soliisyonu (400 mM Tris buffer, pH = 7.5) bulunan sale

igerisine almmugtir. Her bir doz i¢in Drosophila
hemositlerinde 50 hiicre 40X biiyiitmede Floresan (Nikon
Eclipse E200) mikroskopta sayilarak deney

tamamlanmigtir. Tim Olglimler Comet-1V (Version 4.11)
programi ile otomatik 6l¢lim seklinde yapilmistir.

3. Sonuglar
3.1. Nanopartikiil Karakterizasyonu

Co NP’lerinin ortalama boyutu 50 nm olarak belirlenmistir.
Ayrica zeta potansiyel degeri -11.8 mV olarak bulunmustur.
Co NP’lerinin ozellikleri Sekil 1, 2 ve 3’te 6zetlenmistir.

Sekil. 1 Co NP’lerinin TEM goriintiileri

.

Boyut Dagilim (26)

100 1000 10000

Boyut (nm)
Sekil. 2 Co NP’lerinin Partikiil Biiyiikliik Dagilim1
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Zeta Potansiyel Dagilhim
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Sekil. 3 Co NP’lerinin Zeta Potansiyeli

3.2. Drosophila melanogaster Kanat Somatik Mutasyon ve
Rekombinasyon Testi (SMART)

7244 saatlik distile su uygulamasinda, 80 kanat sayilan
preparatta 13 adet kiigiik tek tip klon, 2 adet biiylik tek tip
klon bulunurken ikiz klon saptanmamistir. Toplamda 15
adet klon sayilmigtir. Toplam mwh klon sayist 15 adet
bulunmustur. Distile su uygulamasinda klon indiiksiyon
frekans1 ise 0.77 olarak hesaplanmistir. Pozitif kontrol
grubu olarak kullanilan EMS, negatif kontrol grubu olan
distile su ile karsilastirildiginda tiim klon tiplerinde pozitif
sonu¢ elde edilmistir. RSV’in tiim dozlar1 distile su ile
kargilagtirildiginda  istatistiksel ~anlamda  bir  fark
bulunmamistir. Co NP’leri (10mM) ise ¢oziiciileri olan
etanol (%]1) ile karsilagtirildiginda istatistiksel olarak
anlamli pozitif sonug (p<0.05) verdigi goriilmiistiir. Ayrica
Co NP’leri ile RSV’iin es zamanli ve 6n uygulama sonuglari
kontrol gruplar ile karsilagtirildiginda istatistiksel olarak
genotoksisitenin indirgenmesi agisindan anlamli (p<0.05)
bir azalmanm oldugu gozlenmistir. Ozellikle RSV 6n
uygulamasimin es zamanli uygulamaya gore Co NP
toksisitesini daha fazla indirgedigi tespit edilmistir.
SMART yontemi sonuglar1 Tablo 1 ve Tablo 2’de
gosterilmistir.

3.3. Alkali Tek Hiicre Jel Elektroforezi (KOMET)

Elde edilen sonuglara gore pozitif kontrol grubu olan
konsantrasyonu 5 mM olan EMS’nin tiim parametreler
(kuyruk yogunlugu ve kuyruk momenti) agisindan kontrol
grubu olan distile suya gore istatistiksel olarak anlamli
(p<0.001) tek iplik DNA hasari gozlenmistir. Bunun
yaninda RSV’iin tiim konsantrasyonlarmin (0.1, 0.5 ve 2.5
mM) biitlin parametreler agisindan kontrol grubu olan
distile suya oranla istatistiksel olarak anlamli tek iplik DNA
hasar1 gozlenmemistir. Co NP’lerinin (10 mM) ¢oziiciisii
olan etil alkole gore istatistiksel olarak anlamli (p<0.001)
tek iplik DNA hasarina yol agtig1 gézlemlenmistir. Ayrica
Co NP’leri ve RSV’iin birlikte uygulamalarinin timii Co
NP’leri ¢oziiciisii olan etil alkol ve RSV c¢dziiciisii olan
distile suya gore kiyaslandiginda tiim parametreler
acisindan istatistiksel olarak tek iplik DNA hasarina yol
acmadig1 tespit edilmistir. KOMET yo6ntemi sonuglari Sekil
4 ve Sekil 5°de gosterilmistir.
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Tablo 1. D. melanogaster’in Normal Kanatli Bireylerinde (mwh/flr®) Co NP Genotoksisitesine Karsi Resveratrol’iin On

Uygulamasimin in vivo Antigenotoksik Etkileri

Derisimler (mM) Kanat Kiigiik tek tip klonlar Biylik tek tip ikiz klonlar Toplam mwh klonlar ~ Toplam klonlar Klon indiisiyon
Sayisi  (1-2 hiicre) (m=2)  klonlar (>2hiicre) (m=5) (m=2) (m=2) Frekansi (10°
No.  Fr. D. No. Fr. D. No. Fr. D. No Fr. D. No. Fr. D hiicre)

Normal Kanat
Distile Su (48h) 80 12 015 2 002 0 0 14 018 14 018 0.72
Etanol %1 (48h) 80 5 006 3 004 i 0 0 i 8 010 - 8 010 0.41
EMS (1ImM) 271 29 + 27 087 + 9 029 + 105 339 + 108 348 + 13.45
48t4h
Resveratrol 0.1mM 8 17 02 i 004 i 0 0 i 20 025 i 20 025 i 1.02
Resveratrol 0.5mM 80 19 024 i 006 i 0 0 i 24 030 i 24 030 i 123
Resveratrol 2.5mM 80 18 0.2 i 004 i 1 001 i 22 028 i 22 028 i 113
CoNP (50nm) 10mM 80 36 045 + 5 006 i 0 0 i 40 0.5 + 41 051 + 2.05
72+4h 10mM CoNP (50nm) + 484 h Resveratrol (mM)

0.1 80 28 035 3 004 - 1 001 i 32 0.4 - 32 040 1.64

0.5 80 24 030 - 2 002 - 1 001 i 27 034 - 27 034 1.38

25 80 19 024 - 6 008 - 2 002 i 27 034 - 27 034 1.38

Fr, frekans; D, istatistik sonuglarinin gésterimi; +, pozitif; -, negatif, i, onemsizfark; m=carpimfaktorii; olasilik diizeyi=0.05.

Tablo 2. D. melanogaster’in Normal Kanatli Bireylerinde (mwh/flr®) Co NP Genotoksisitesine Kars1 Resveratrol’iin Es Zamanli

Uygulamasinin in vivo Antigenotoksik Etkileri

Derisimler (m\) Kanat Kiiciik tek tip klonlar Blyik tek tip ikiz klonlar Toplam mwh klonlar ~ Toplam klonlar Klon indiisiyon
Sayisi  (1-2 hiicre) (m=2)  klonlar (>2hiicre) (m=5) (m=2) (m=2) Frekansi (10°

No. Fr. D. No. F. D. No. Fr. D. No. F. D. No. F. D hiicre)
Normal Kanat
Distile Su (72h) 8 13 016 2002 0 0 15 019 15 019 0.77
Etanol %1 (72h) 8 14 018 i 2002 i 3004 i 19 024 i 19 024 i 0.97
EMS (1ImM) 2 N 229 o+ 27 087 + 9 029 + 105 339 + 108 348 + 13.45
724 h
Resveratrol 0.1mM 80 0.02 - 1 001 i 0 0 i 3004 - 3 004 0.15
Resveratrol 0.5mM 80 0.10 - 2002 i 0 0 i 10 012 - 10 012 0.51
Resveratrol 2.5mM 80 0.05 - 1 001 i 2002 i 7 009 - 7 009 0.36
CoNP (50nm) 10mMm 8 36 04 + 5 006 i 0 0 i 40 050 + 4 051 + 2.05
724 h 10mM CoNP (50nm) + 7244 h Resveratrol (mM)
CoNP 10mM+0.ImMRSV 80 27 034 - g8 010 - 2 002 i % 045 - 37 046 1.84
CoNP 10mM+0.5mMRSV 80 26 032 - 6 008 - 0 0 i 2 040 - 32 040 1.64
CoNP 10mM+2.5mMRSV 80 28 0.35 - 2 002 - 1 001 i 31 039 - 31 039 1.59

Fr, frekans; D, istatistik sonuglarinin gdsterimi; 4, pozitif, -, negatif, i, onemsizfark; m=carpimfaktdrd; olasilik diizeyi=0.05.
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Sekil. 4 KOMET Testinde Drosophila Larvalarina Co NP, RSV
ve Co NP ile RSV’in Birlikte Uygulanmasmdan Sonra
Drosophila Hemositlerinde Meydana Gelen DNA Hasari (Kuyruk
Yogunlugu %)[%Ug bagimsiz deneyden elde edilen +standart hata
(her deney setinde 50 hiicre sayilmustir)]
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Sekil. 5 KOMET Testinde Drosophila Larvalarina Co NP, RSV
ve Co NP ile RSV’in Birlikte Uygulanmasindan Sonra
Drosophila Hemositlerinde Meydana Gelen DNA Hasari (Kuyruk
Momenti pm?)[2Ug bagimsiz deneyden elde edilen +standart hata
(her deney setinde 50 hiicre sayilmstir)]

4. Tartisma

Son yillarda gelistirilen ve ¢ok farkli alanlarda kullanilan
nanopartikiillerin ~ genotoksisitesi hakkindaki veriler;
tirtinlerin ¢ok yeni olmasi, her nanoboyutta farkl etkilere
sahip olmasindan dolay1, hem yetersiz hem de farkli test
sistemlerinde celigkili sonuglar yaratmaktadir.
Nanopartikiillerin fizikokimyasal O6zellikleri teknoloji ve
endiistriyel uygulamalar i¢in oldukga elverislidir, biyolojik
uygulamalardaki  kullanimi  ise  canli  hiicrelerin
biyouyumluluguna baghdir (Lappas 2015). Ancak bu
fizikokimyasal 6zellikleri saglik risklerini de beraberinde
tasir ki bunlardan birisi de toksik etki gostermeleridir.
Nanopartikiiller 6zellikle kiiciik boyutlarda olmalari
nedeniyle kolayca hiicre zarmi gecerek niikleusa
ulasabilmekte ve niikleer porlardan da girerek DNA ile
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etkilesime gecip DNA hasarina sebep olabilmektedir.
Genotoksisitede nanopartikiillerin indiikledigi toksik ve
genotoksik mekanizmalar sadece DNA ile etkilesime
gecerek degil mitozda gorev alan proteinleri etkileyerek,
reaktif oksijen tirleri (ROS) fireterek ve hiicrelerdeki
antioksidan bariyerinin (siiperoksit dismutaz (SOD) ve
glutatyon (GSH)) kirtlmasina neden olarak da DNA
hasarina yol agabilirler (Carmona ve ark. 2015a, 2015b).
RSV, iiziim ¢ekirdeginde bol miktarda bulunan ve son
yillarda farkli mekanizmalardaki yardimci etkileri iizerinde
yogun ¢alisilan dogal bir antioksidandir. RSV biyotik ve
abiyotik stres kosullarina karsi, tiziimlerde sentezlenen
stiloen grubu bir fitoaleksindir (Zhang ve ark. 2013). RSV
giiclii antioksidan ve antiinflamatuar 6zelliklere sahiptir ve
koruyucu etkisi hem in vitro hem de in vivo deneylerle
kanitlanmistir (Lee ve ark. 2012). RSV antioksidan etkisini;
koenzim Q ile yarisip oksidatif zincir kompleksini
azaltarak, mitokondride olusan siiperoksit radikalini
yakalayarak ve fenton reaksiyonu iriinleri tarafindan
indiiklenen lipid peroksidasyonunun inhibisyonuna neden
olarak gostermektedir (Sayin ve ark. 2008). Bunun yaninda
antiaging, antidiyabetik, antiplatelet 6zelliklere sahiptir ve
lipoproteinlerin oksidasyonunun inhibisyonunu sagladig
yapilan calismalarla gosterilmistir (Mallebrera ve ark.
2015). Antiplatelet 6zelligi sayesinde RSV’iin, nitrik oksit
sentaz Uretimini etkileyerek (Das ve Maulik 2006),
indiiklenen oksidatif strese kars1 hiicre i¢i indirgenmis GSH
diizeyini arttirarak ve miyokardiyumdaki katalaz etkinligini
arttirarak kalpte koruyucu bir etki gésterdigi saptanmistir
(Saymn ve ark. 2008). Son zamanlarda yapilan ¢aligmalar
RSV’in ¢esitli hiicre tiplerinde intraselliiler serbest
radikalleri ve diger oksidanlar1 etkili olarak temizledigini
gostermistir (Zhang ve ark. 2013). Goriildiigi {izere son
zamanlarda pek ¢ok aragtirmaci tarafindan RSV’iin
koruyucu etkileri hakkinda cesitli ¢alismalar yapilmistir.
Fakat gergeklestirilen literatiir incelemesi sonucunda Co
NP’lerinin genotoksisitesine karsi, RSV iin olasi koruyucu
etkilerinin Drosophila KOMET ve SMART yontemleri ile
arastiritlmadigi tespit edilmistir. Gergeklestirmis oldugumuz
calisma kapsaminda SMART yontemi ile degerlendirilen ve
somatik hiicreler olan kanat imajinal disk hiicrelerinde
genotoksik etkiye sahip oldugu bilinen Co NP’leri, RSV ile
es zamanli ve O6n uygulama seklinde calisilmigtir. Co
NP’lerinin genotoksik etkisine karst RSV’iin uygulanan
tim dozlarda (0.1, 0.5 ve 2.5 mM) antigenotoksik etkiye
sahip oldugu gozlenmistir. Ozellikle RSV’iin Co NP’e kars1
6n uygulamasinin birlikte uygulamaya gore toksisiteyi daha
fazla indirgedigi belirlenmistir. Bu durum da RSV’iin giiclii
bir koruyucu olarak genotoksisiteyi indirgeyebilecegine
isaret etmektedir. KOMET yontemi ile degerlendirilen
hemositlerde Co NP’lerinin etkisiyle meydana gelen DNA
hasarina karst iki parametre agisindan da (kuyruk
yogunlugu, kuyruk moment) RSV’iin tiim derigimlerinin
koruyucu etki gosterdigi belirlenmistir. Bu ¢alismadan
RSV’iin koruyucu etkisine dair elde edilen veriler dnceki
calismalarin sonuclart ile de parelelik gostermektedir ve
RSV’in genotoksisiteye karst giicli  bir koruyucu
olabilecegi fikrini gliglendirmektedir.
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5.Sonuc¢

Caligmamiz sonucunda elde ettigimiz Drosophila KOMET
ve SMART verileri literatiirii destekler sekilde Co
NP’lerinin sahip oldugu yiiksek genotoksisiteyi ve bu
yliksek genotoksisiteyi RSV’iin gii¢lii bir koruyucu olarak
distirebildigine isaret etmektedir. Ancak bu caligmada
indiiklenen genetik hasara karst RSV’iin gosterdigi
koruyucu  etkinin  altinda  yatan = mekanizmanin
aydinlatilmasi i¢in farkli mekanizmalarla c¢alisan test
sistemleri ve farkli model organizmalarla yeni ¢aligmalarin
yapilmasi gerekmektedir.
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Abstract: In this study, the goal was to produce biohydrogen and bacterial carotenoids with Rhodobacter sphaeroides O.U.001, a
purple non-sulfur photosynthetic bacterium, utilizing sugar beet molasses in the context of biorefinery. First, media with different
sugar concentrations (10 g/L, 20 g/L, 30 g/L, 40 g/L, 50 g/L) were prepared for bacterial growth. Then, hydrogen production was
carried out using these media in anaerobic conditions in 100 ml bioreactors. After hydrogen gas was collected from the bioreactors,
carotenoid extraction was performed from the remaining bacteria. As a result of the analyzes, it was found that the amount of
biohydrogen and the amount of bacterial carotenoids obtained were inversely proportional to the increased sugar concentrations.
The maximum hydrogen formation was detected in the medium containing 10 g/L of sugar (19.18 mL). According to the results
of gas chromatography analysis, the quantity of hydrogen in the total gas was found to be around 23.6%. The highest yield of
carotenoids was again obtained from bacteria reproduced in a medium containing 10 g/L of sugar (3.12 mg/g, carotenoid/dry
biomass). As a conclusion, this study provides an example for the successful realization of two high value-added products within
a biorefinery approach by using molasses obtained at an affordable cost.

Keywords: Carotenoid, Hydrogen, Molasses, Rhodobacter sphaeroides

Biyorafineri konseptiyle seker pancart pekmezinden Rhodobacter sphaeroides ile biyolojik
hidrojen ve bakteriyel karotenoid éretimi

Ozet: Bu calismada biyorafineri konsepti ile seker pancar1 melasindan mor kiikiirtsiiz fotosentetik bir bakteri olan Rhodobacter
sphaeroides 0.U.001 ile biyohidrojen ve bakteriyel karotenoidin iiretilmesi amaclanmistir. Tlk 6nce, bakteri biiyiitmek i¢in farkl
seker konsantrasyonlarinda (10 g/L, 20 g/L, 30 g/L, 40 g/L, 50 g/L) besiyerleri hazirlanmistir. Daha sonra, hidrojen iiretimi bu
besiyerlerini kullanarak 100 mL’lik biyoreaktorlerde anaerobik kosullarda galigilmistir. Biyoreaktorden hidrojen gazi toplandiktan
sonra kalan bakterilerden karotenoid ekstraksiyonu gergeklestirilmistir. Analizler sonucunda, artan seker konsantrasyonu ile elde
edilen biyohidrojen miktar1 ve bakteriyel karotenoid miktarinin ters orantili oldugu bulunmustur. En yiiksek hidrojen iiretimine 10
g/L seker igeren besiyerinde goriilmiistiir (19,18 mL). Gaz kromatografisi analiz sonuglarina gére toplam gaz icerisinde hidrojen
miktar1 %23,6 civarinda tespit edilmistir. En yiiksek karotenoid verimi yine 10 g/L seker igeren besiyerinde ¢ogaltilan bakterilerden
elde edilmistir (3,12 mg/g, karotenoid/kuru biyokiitle). Sonu¢ olarak, bu calisma uygun maliyetle elde edilen melasin
kullanilmasiyla yiiksek katma degerli iki iiriiniin biyorafineri yaklagimi ile basariyla ger¢eklestirilmesi adina bir drnek sunmaktadir.

Anahtar Kelimeler: Karotenoid, Hidrojen, Melas, Rhodobacter sphaeroides

1. Introduction

The vast majority of the world's energy needs are provided
from non-renewable energy sources such as fossil-based
energy sources. But the use of these energy sources
seriously harms nature. The global population growth also
increases the need for energy. For this reason, it will become

© EJBCS. All rights reserved.

very important from a strategic point of view for countries
to develop their own alternative energy sources. Examples
to alternative renewable energy sources are solar energy,
wind energy, wave energy, hydrogen energy, hydro power
and geothermal energy. Hydrogen is a renewable and clean
energy source among the energy sources of the future
because it is seen as one of the alternative energy sources of
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the future (Sagir et al. 2018). Hydrogen can be used as a
fuel, and the combustion reaction of hydrogen is called
clean combustion. In the clean combustion reaction,
hydrogen reacts with oxygen and water is released and it
does not harm the nature in any way. Furthermore, even
though hydrogen is the lightest element in the universe, it
was said to have 2.75 times more energy content (123 kJ/g)
when compared to the hydrocarbon-based sources (Dursun
and Giilsen 2019). Hence, it is recognized as the energy
carrier of the future.

Today, hydrogen is usually produced by thermochemical
means. However, biological hydrogen production is also
possible through dark fermentation and photobiologically
with the help of various microorganisms using various
waste streams like sugar beet molasses (Kars and Alparslan
2020) and waste black cumin (Dursun and Giilsen, 2021).
And, since biological hydrogen production takes place at
lower temperatures and pressures, it requires less energy
input than thermochemical methods and production is more
advantageous in terms of side products. Among others,
photobiological hydrogen production can be carried out by
microorganisms in a photoautotrophic or
photoheterotrophic way. Various purple non-sulfur bacteria
were used in photoheterotrophic hydrogen production
(Ozsoy Demiriz et al. 2019; Kars and Giindiiz, 2010).
Rhodobacter sphaeroides (R. sphaeroides), a purple non-
sulfur (PNS) photosynthetic bacteria, can produce hydrogen
in photosynthetic conditions (under light and under
anaerobic conditions) using various carbon sources as
substrate (Kars and Giindiiz 2010). The enzyme responsible
for the production of hydrogen is nitrogenase, and this
enzyme catalyzes the production of hydrogen using ATP
during the conversion of nitrogen to ammonia. So,
biological hydrogen production occurs as a result of an
enzyme driven reaction and it is affected from physiological
conditions such as vitamins and minerals (Kars and
Alparslan 2020). It is also possible to produce high value-
added products such as bacterial carotenoids, coenzyme
Q10, vitamin B12, 5-ALA by R. sphaeroides. Although
hydrogen production can be done both thermochemically
and biologically, the amount of hydrogen obtained from
these methods has not yet reached a commercial scale. For
this reason, in recent years biorefinery approach has been
applied to increase the efficiency of hydrogen production
processes. In this approach, in addition to an energy source,
the production of some marketable products (carotenoids,
and valuable chemicals such as polymer) were also aimed
and this route was defined as the process of biorefining
(Cherubini and Jungmeier 2010).

Carotenoids are fat-soluble, antioxidant pigments found in
photosynthetic organisms (such as bacteria, plants and algae
(Liu et al. 2015). The task of carotenoids is to absorb light
for use in photosynthesis and also to protect chlorophylls
from the harmful effect of light. Studies have shown that
carotenoids prevent various types of cancer, cardiovascular
diseases, and aging-related ailments with their antioxidant
activities and increase antibody production (Young and
Lowe 2001; Kiokias and Oreopoulou 2006; Liu et al. 2015).
Additionally, previous studies have reported that a
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carotenoid called capsanthin obtained from pepper can be
used to prevent multidrug resistance in cancer cells
(Motohashi et al. 2003). Therefore, these pigments are very
promising to be used for medical purposes.

It is very important that the substrate to be used in the
biorefinery concept should be sustainable and renewable.
For this reason, sustainable, affordable and easily
obtainable sugar beet molasses was used as a substrate in
this study. Then, several sets of media with varying sugar
beet molasses concentrations were formulated to disclose
the optimal molasses concentrations for concurrent
production of biohydrogen and bacterial carotenoid with R.
sphaeroides in a cost-effective manner within the context of
the biorefinery concept. Sugar beet molasses contains about
50% sucrose and therefore can be a rich source of nutrients
for bacteria. Thus, optimal conditions for the production of
hydrogen and carotenoids will be determined and a
significant contribution will be made to the development of
a cost-effective bioprocess within a frame of biorefinery
approach.

2. Materials and Method
2.1. General cultivation circumstances

In this study, R. sphaeroides was used in the production of
biological hydrogen and bacterial carotenoids. Bacteria can
use various carbon sources as substrates. In the study, sugar
beet molasses (Konya Seker, Turkey) was used as a carbon
source and L-glutamate (15 mM/2 mM) was used as a
nitrogen source. The sugar concentration in the medium was
increased gradually (10 g/L, 20 g/L, 30 g/L, 40 g/L, 50 g/L)
from 10g/I to 50¢/L. In addition, trace element, iron sulfate
and vitamin solutions were put into the cultures as
documented earlier (Kars and Ceylan 2019). According to
the previous findings, the amount of Na was found to be
very high after elemental investigation of molasses by ICP-
MS (Kars and Alparslan 2013). For this reason, extra NaCl
was not added to the medium. KH,PO4 (0.5 g/L),
MgS0..7H,0 (0.2 g/L) and CaCl,.2H,0 (0.025 g/L) were
added to the medium. 50 pL of iron solution (13.2 mM
FeSO.), 1 mL of molybdenum containing trace element
solution (0.83 mM Na;Mo004.2H,0) and 2.5 pL of vitamin
solution (Niacin 500 mg/L, Biotin 15 mg/L and Thiamine
500 mg/L) were added to the prepared media. The initial pH
of the media was fixed to 6.9.

After adding the components, the media were sterilized by
autoclaving at 121°C for 15 minutes. Since the structure of
the vitamin will deteriorate due to temperature, the vitamin
solution was added to the media after autoclaving. The gas
phases of the bioreactors were passed through argon gas for
3 minutes in order to form anaerobic environs. 100-watt
tungsten filament incandescent bulbs were used as the light
source for the photosynthetic condition. The cultures were
incubated at approximately 29 °C for growth.

2.2. Biomass and pretreatment

Molasses is a by-product that occurs as a result of the
refining of sugar beet. Sugar beet molasses possesses a
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sucrose (w/w) content of about 50% (Sagir et al. 2018). In
addition to sucrose, molasses is rich in many types of
carbons like organic acids (Kars and Alparslan 2013). This
feature makes sugar beet molasses a prosperous nutrient for
many bacterial cells. Sugar beet molasses obtained from
Konya Sugar Factory was utilized as a substrate for both
biohydrogen and bacterial carotenoid production. However,
molasses was not used directly due to its dark color and high
sugar content. Before preparing molasses and different
sugar concentrations media, they were centrifuged for 20
minutes at 10.000 rpm due to the particles in their contents.
After centrifugation, the solutions were filtered via 0.22 um
filters and diluted with water and media were prepared in
100 ml bioreactors.

2.3. Hydrogen production with R. sphaeroides using
molasses

Initially, hydrogen productions were carried out in the
study. Hydrogen production setup was established after the
cultures (5 different media with different sugar contents)
were incubated for about 3 days. Hydrogen production
setup was based on the principle of collecting the hydrogen
gas produced by R. sphaeroides in bioreactors in glass tubes
with 0.5 cm markings. Changes in the water levels in tubes
were observed at 24-hour intervals. After collecting
hydrogen gas in tubes, gas chromatography (GC) analysis
was performed. An Rt-Msieve 5A column and a thermal
conductivity detector were used to examine the constituents
of the accumulated gas using GC (Shimadzu GC-2010 Plus,
Japan). The detector and column were heated to 250 and 50
degrees Celsius, respectively. Argon gas ran inside the
column with a flow rate of 4 mL per minute to carry the gas
samples.

2.4. Carotenoid production from R. sphaeroides

After the completion of hydrogen production, bacterial
cultures were centrifuged for 20 minutes at 10 000 rpm to
obtain the cells. Then, the upper phase was discarded and
the precipitate was dissolved in 2 mL of distilled water to
wash each cell pellet. Cell suspension was re-centrifuged at
10 000 rpm for 20 minutes and the washing process was
repeated. After final centrifugation, the remaining liquid
was thrown away and the entire precipitate was transferred
to a beaker and dried in an oven at 65°C for one night.
Bacterial cells were lysed by adding 4 mL (3 M) HCI onto
the dry bacterial mass obtained as a result of drying. The
cell lysate was mixed at 28°C, 100 rpm for 30 minutes. The
solution was spinned at 10 000 rpm for 20 minutes.
Extraction of the carotenoid was done by adding 5 mL of
acetone onto the precipitate and vortexing briefly. To this
extract, another 35 mL of acetone was added to reach up to
40 mL of acetone. At 30°C, 40 minutes of extraction of the
carotenoids at 150 rpm was performed, and then whole
extract was spinned at 10 000 rpm for 20 minutes. The
carotenoids were dissolved in the supernatant which was
then was transferred to a clean 50 ml tube. The optical
density of the carotenoid solution was measured at 480 nm
and the amount of carotenoid was calculated using the
Equation 1 (Kars et al. 2020; Gu et al. 2008).
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ug carotenoid ) _ AXDXV
g dry cell weight T 016xW

Carotenoid yield( (Equation 1)

A: Absorbance (480 nm)
D: Dilution coefficient
V: Volume of solvent (acetone)

W: Mass of dry bacteria (g)

3. Results

3.1. Hydrogen production with R. sphaeroides using
molasses

Biological hydrogen production was tested at five different
sugar concentrations. The tubes where hydrogen gas was
collected were observed at 24-hour intervals and graphs
were created using these data. During the study, the
experiments were repeated two times and error bars were
added to the graph. The results of the experiments were
figured out in a single graph. The gas chromatography (GC)
analysis was carried out to reveal the total amount of pure
hydrogen collected in these tubes. According to the results
of GC analysis, the amount of hydrogen in the total gas was
assigned to be circa 23.6%. Taking into account the results
of hydrogen production (Figure 1), it was found that
hydrogen production decreases as the concentration of
sugar (molasses amount) increases. The highest hydrogen
production occurred in the medium containing 10 g/L sugar
(19.18 mL gas accumulation). It was noticed that increasing
sugar concentration did not lead to an increase in hydrogen
production and hydrogen production was the highest at the
lowest sugar concentration. In order to raise the sugar
concentration in the medium, the amount of molasses was
also augmented. And, it was realized that increasing the
amount of molasses darkened the color of the medium and
increased its density. This, in turn, can reduce the
penetration of light through the medium and prevent
bacterial cells from reaching the light they need. In the end,
it was anticipated that this adversely affected the amount of
hydrogen produced.
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Figure 1. Hydrogen production at different molasses

concentrations.

Molasses has long been used as substrate by our group and
others and studies have been done for years to find the most
efficient hydrogen production process. Examples of these
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studies were gathered and shown in Table 1. It was observed
that different hydrogen production yields were obtained
using different bacterial strains in various hydrogen
production processes. We basically thought that these
variations arise from different physiological parameters
(bacterial strains, media composition and processs type)
implemented in these processes. The amount of hydrogen
obtained from a concentration of 10 g/L (0.27 mol Hz/mol
sucrose) was also included in the table. As can be observed
from the table, the greatest amount of hydrogen production
was achieved by successive dark and photo fermentation
with the mutant progeny of R. capsulatus (13.7 mol Hy/mol
sucrose) (Ozgiir et al. 2010). Among photofermentative
hydrogen generation processes, the greatest amount was
attained with R. sphaeroides O.U.001 (0.5 mol Hz/mol
sucrose) (Kars and Alparslan 2013).

Table 1. Examples of biohydrogen production using molasses as
substrate.

Yield
Microorganism Process (mol Reference
H/mol
SuCrose)
Rhodobacter Photofermantative 0.27 This study
sphaeroides
0.U.001
Rhodobacter Photofermantative 0.5 (Kars and
sphaeroides Alparslan
0.U.001 2013)
Rhodobacter Photofermantative 10.5 (Keskin and
capsulatus JP91 Hallenbeck
2012)

Mixed anaerobic Dark fermentation 2.8 (Chang et
culture al. 2011)
Caldicellulosiruptor
saccharolyticus and Dark and 13.7 (Ozgiir et al.
Rhodobacter Photofermantation 2010)
capsulatus hup-
YO3

3.2. Carotenoid production from R. sphaeroides

In this study, it was aimed to produce bacterial carotenoids
besides hydrogen generation in a biorefinery frame. The
source of carotenoids is R. sphaeroides. The lack of
immunity and pathogenicity of R. sphaeroides makes it a
valuable source of carotenoids. There are two types of
carotenoids in the R. sphaeroides; spheroidene (SE) and
spheroidenone (SO) (Kars et al. 2020). These carotenoids
have the potential to be used as antioxidants by effectively
neutralizing the surrounding singlet oxygen species. There
are two possible ways to increase the current bacterial
carotenoid production. These are either the application of
recombinant DNA technology or the optimization of culture
conditions. Genetic methods for R. sphaeroides are well
established, but gene manipulations require significant
effort and there are many targets to improve. Therefore, in
this study, five distinct sugar concentrations (molasses
amount) were tested to reveal the best substrate
concentration for the highest carotenoid production. Based
on previous experience and literature findings, it is known
that sugar beet molasses is a rich medium that supports
bacterial growth very well (Kars and Alparslan 2013).
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In the current work, sugar beet molasses harvested in Konya
was used as the substrate for the cultivation of bacteria for
the production of carotenoids. In this way, locally produced
molasses was utilized for the production of value-added
products contributing to the circular economy. R.
sphaeroides was cultured in media with various sugar
concentrations (10 g/L, 20 g/L, 30 g/L, 40 g/L and 50 g/L).
The bioprocess was run in intermittent mode using a 100
mL bioreactor. After hydrogen production was ceased, the
remaining cells were collected and bacteria were dried to
obtain cell dry weights (Table 2). Carotenoids were
extracted from dry cells using acetone as a solvent. Optical
densities were measured after 8 times dilution at 480 nm.
The maximum carotenoid yield was calculated as 3.12 mg/g
(carotenoid/dry biomass), taking into account the dilution
factor and solvent volume (40 mL). Similar to the hydrogen
generation results, it was noted that the amount of
carotenoids obtained decreased as the sugar ratio (molasses
amount) increased.

Table 2. The amounts of carotenoids obtained from cultures after
hydrogen production

Sugar oD Dry Carotenoid yield
(9/L) (480 nm) weight (9) (ng/g)
10 5,0296 0,4029 3120,87
20 6,1904 0,5927 2611,10
30 2,4392 0,5702 1069,45
40 0,6584 0,4132 398,35
50 0,3184 0,369 215,72
4. Discussion

Sugar beet molasses used in the preparation of growth
media is a waste product of the sugar factory and contains
organic acids, phenolic substances and ammonium in
addition to sucrose (Kars and Alparslan 2013). The organic
and inorganic composition of sugar beet molasses is very
diverse and rich; therefore, it supports the growth of bacteria
very well. In the present study, as a common trend, as the
amount of molasses in the media increased, the amounts of
hydrogen and carotenoid decreased. There are many factors
which might have led to this result. For instance, it is a well-
known fact that phenolic substances and ammonium
negatively affect hydrogen production (Kars and Alparslan
2013). This is basically due to the fact that ammonia
reversibly inactivates the nitrogenase enzyme that is the
enzyme functioning in hydrogen evolution. Moreover,
phenolics substances also thought to poison the hydrogen
production metabolism. Taking into account the previous
findings, the results (decrease in hydrogen production as a
result of elevated levels of molasses) obtained here is
consistent with previous studies. Another common factor is
the light whose sufficient amounts are needed for an
efficient hydrogen generation (Uyar et al. 2007; Kars and
Alparslan 2013). Because of the darkish color and density
of molasses, the delivery of light through the medium and
reaching the cells is blocked. As the amount of molasses
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increases, the culture darkens and the light penetration
efficiency decreases. This causes the cells to absorb less
light and therefore less hydrogen production occurs.

Like hydrogen generation results, the biggest carotenoid
yield was achieved at the lowest sugar concentration in the
study. This shows that bacteria proliferate best at this
concentration. So, considering both hydrogen and
carotenoid production results, it seems that the most suitable
sugar (sugar beet molasses) concentration for R.
sphaeroides is 10 g/L. The amount of hydrogen production
by using molasses might be less when compared to minimal
media, but molasses may be preferred over synthetic media
in biotechnological processes because it can be obtained at
much cheaper cost compared to synthetic carbon sources.
The processes carried out using molasses are described as
sustainable and cost-effective. In the current work,
considerable quantities of both hydrogen and carotenoids
were obtained in a single process. Thus, an exemplary study
was implemented for the purpose of developing a
sustainable and cost-effective processes within a biorefinery
concept.

Considering previous findings and present results, it was
noticed that the physical features (viscosity, color etc.) of
the sugar beet molasses used so far differ from each other.
It is also suspected that the composition of molasses used in
different times may also change. Therefore, the differences
in physical and chemical properties of molasses may result
in deviations in the results. Moreover, the use of inorganic
iron sources like FeSO, instead of organic iron sources like
ferric citrate probably led to variations in both hydrogen and
carotenoid productions. These experiences demonstrated
that design and composition of growth media strongly
influence the hydrogen production and bacterial
reproduction. So, it is of great importance to find out best
medium formulations for better yields.

5. Conclusion

R. sphaeroides is a versatile microorganism able to grow in
different growth modes and capable of producing many
marketable products such as biopolymers, vitamins and
carotenoids. It proliferates very well in media prepared by
using sugar beet molasses which is an affordable, renewable
and sustainable substrate. Molasses was shown to be a very
efficient substrate in the production of biohydrogen as a fuel
and carotenoid as a marketable product within a biorefinery
concept. R. sphaeroides’ being a non-immunogenic and
non-pathogenic bacterium makes it a unique cell factory for
the production of many marketable products in addition to
biohydrogen as shown in the present work.
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Ozet: Bu arastirmada asetil salisik asit (ASA) soliisyonun farkli dozlarmda 6n cimlendirmenin “Nantes” havuc gesidi (Daucus
corata L.) tohumlarinin tuz stresi altinda ¢imlenme ve ¢ikis performanslari {izerine etkileri laboratuar kosullarinda arastirilmustir.
Tohumlar, ASA soliisyonlar1 igerisinde 24 saat siireyle iklim dolabinda 6n ¢imlendirme islemine tabi tutulmustur. Bu iglemden
sonra 6n ¢imlendirme ve kontrol grubu olarak iki gruba ayrilmustir. Her iki grup 0, 50, 100 ve 150 mM NaCl stresine maruz
birakilarak, ASA uygulamasinin tuzluk sterine tepkileri incelenmistir. Arastirma sonucunda yiiksek tuz konsantrasyonunun (150
mM NaCl) havug tohumlarinin ¢imlenmesini azalttigi, yiiksek dozdaki ASA 6n uygulamalarinin tohumlarin ¢imlenme ve ¢ikig
parametrelerini etkiledigi belirlenmistir. Sonuglara gére 6n uygulamalar arasinda doz x tuz interaksiyonunda 150 mg/L ASA
uygulmasimda 0 ve 50 mM NaCl interaksiyonunda %93 ile en yiiksek ¢imlenme orani belirlenmistir. ASA uygulamalarinin, diisiik
ve yiksek tuzluluga sahip yetistirme ortamlarinda tohumlarin ¢imlenme oraninda artig sagladigi ve basarili bir sekilde
kullanilabilecegi 6n goriilmiigtiir.

Anahtar Kelimeler: Asetil salisilik asit (ASA), On ¢imlendirme, Havug tohumu, Tuz stresi

Effects of Pre-Germination in Acetyl Salicylic Acid Solutions on Germination and Emergence
of Carrot Seeds Under Salt Stress

Abstract: In this study, the effects of pre-germination at different doses of acetyl salicylic acid (ASA) solution on the germination
and emergence performance of “Nantes” carrot cultivar (Daucus corata L.) seeds under salt stress were investigated in the
laboratory conditions. Seeds were pre-germinated in a climate cabinet for 24 hours in 0, 50, 100 and 150 mg Lt ASA solutions in
hydropiriming at 15°C. After this process, they were divided into two groups as pre-germination and control groups. Both groups
were exposed to the stress of 0, 50, 100 and 150 mM NacCl, and the response of ASA application to salt salt ster was investigated.
As aresult of the research, it was determined that high salt concentration (150 mM NaCl) decreased the germination of carrot seeds,
and high dose ASA pre-applications affected the germination and emergence parameters of the seeds. According to the results, the
highest germination rate was determined with 93% in the 0 and 50 mM NaCl interaction in the 150 mg/L ASA application in dose
x salt interaction. It has been predicted that ASA applications increase the germination rate of seeds in low and high salinity growing
environments and can be used successfully.

Keywords: Acetyl salicylic acid (ASA), Priming, Carrot seed, Salt stress
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1. Giris

Tohum bitkisel iiretimde kullanilan en 6nemli iiretim
mataryeldir. Bircok sebze, tarla bitkileri, endiistri bitkileri
ve siis bitkilerinin diretiminde yogun olarak kullanilan
tohumlarin heterojen ¢imlenme ve ¢ikisi, liretimde 6nemli
sorunlara neden olabilmektedir. Ozellikle olumsuz cevre
kosullari, diisiik ve yiiksek toprak sicakliklari, toprak
tuzlulugu ve toprak kaymak tabakasi gibi faktorler
tohumlarin  ¢imlenmesi ve fide ¢ikisim olumsuz
etkilemektedir. Ancak bu olumsuz ¢imlenme kosullarina
kars1 tohumlara birtakim 6n uygulamalar  (priming)
yapilarak, tohumlarda ¢imlenme ve ¢ikis problemleri
onlenebilmektedir  (Bhanuprakash ve ark., 2016). Bu
islemlerde ise farkli kimyasallar, tuzlar veya biiyiime
diizenleyiciler kullanilmaktadir. Son yillarda artan
sicakliklar, tuzluluk ve kuraklik gibi gevresel etkenlerin
bitkilerde vegetatif ve generatif gelisim dénemlerinde
olumsuz etkiler gosterdigi bildirilmektedir (Blumwald
2003; Karni ve ark. 2010). Generatif aksamlardan olan
tohum bir bitkinin olusmasinda ve c¢ogaltilmasinda
kullanilan en 6nemli tiretim materyalidir. Tohum olumsuz
¢evre kosullarma maruz kalmast durumunda g¢imlenme
yetenegini hizla yitirmektedir. Tohumculuk sektoriinde
iiretim esnasinda veya daha sonraki siire¢lerde tohumlarin
olumsuz kosullara maruz kalmasi durumunda Onemli
¢imlenme sorunlart ile karsilasildigi bilinmektedir. Bu
durum O&nemli kayiplarin olmasina neden olmaktadir.
Ornegin; ¢imlenme yiizdesini hizli kaybeden tiirlerden olan
havug tohumlar1 farkli stres kosullarina maruz kalmasi
durumunda onemli ¢imlenme ve ¢ikis kayiplariyla karst
karsiya kalabilmektedir. Tuz stresi de bunlardan birisidir.
Genel olarak tuz stresi tohumlarda ¢imlenme, ¢ikis ve fide
gelisimini olumsuz yo6nde etkilemektedir (Kara ve ark.
2011; Yildiz ve ark. 2011). Tohumda ¢imlenme, kdk¢iigiin
tohum kabugundan ¢ikmasi seklinde tanimlanmaktadir
(Rajjou ve ark., 2011)). Tohumlarda ¢imlenme su alimi ile
baslamaktadir. Ancak tuzun varlig1 su alimin1 azaltmaktadir
(Othman 2005). Tohumun ¢evresindeki Na+ ve Cl-
iyonlarmin yiiksek oranda birikmesi ile meydana gelen iyon
toksisitesi ve osmotik basing, tohumlarda su aliminin
azalmasina neden olmakta ve tuzlu kosullarda ¢imlenmeyi
engellemektedir (Murillo-Amodor ve ark. 2002). Cimlenme
stirecinde abiyotik bir tehlike olarak tuzluluk, yiiksek
seviyelerde tohum ¢imlenmesini inhibe edebilmekte veya
daha diigiik seviyelerde dormansinin baslamasina neden
olabilmektedir (De Villiers ve ark. 1994). Bu olumsuz
etkiler, diigiilk osmotik potansiyelden dolay1 imbibisyonun
(stvinin  katt madde tarafindan emilmesi) azalmasi
(Poljakoff-Mayber ve ark. 1994), toksisite nedeni ile
enzimatik aktivitenin degismesi (Jisha ve ark., 2013))
protein metabolizmasinin engellenmesi, bitki biiyiime
regiilatorlerinin  dengesinin bozulmasi, tohumdaki besi
kullaniminin azalmasi (lbrahim, 2016) veya hiicrelerin
mitoz boliinmesinin  engellenmesi  (Baranova 2021)
seklinde ger¢eklesmektedir. Ayrica tuzluluk gerek osmotik,
gerekse toksik iyon etkileri yoluyla bitki gelismesini
olumsuz olarak etkilemektedir (Kantar ve Elkoca 1998;
Aktas 2002; Karni ve ark. 2010).

Sebze tiirleri i¢inde genellikle tohumla ¢ogaltilan havug
bitkisinin tuza hassassiyeti olduk¢a fazladir. Toprak
saturasyon eriyigi elektriksel iletkenliginin 1 dS/m 'nin
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tizerine ¢ikmasiyla havug bitkisinde verim kayiplar1 da
baglamaktadir (Bolton ve Simon, 2019). Osmotik
potansiyelin -0,5 MPa’a kadar diigmesi ¢imlenme ve fide
gelisgimi {izerine etkili olmamakla beraber, toprak su
potansiyelinin -0,01 MPa’a diismesi havugta ¢imlenme ve
fide biiylimesini oldukca azaltmaktadir. Bu bakimdan
Ozellikle su stresinin artmast havug yetistiriciligini
kisitlamaktadir (Shannon ve Grieve 1999). Birgok aragtirma
bitkilerde tuzlulugun tohum ¢imlenmesi, biiyiimesi, enzim
aktivitesi ve mitotik aktivite {izerinde olumsuz etkisini
azaltmak i¢in bitki biiyiime diizenleyicileri ve farkli bitki
besin elementlerinin kullanimini 6nermektedir (Cavusoglu
ve Kabar 2008; Tabur ve Demir 2008, 2009, 2010;
Cavusoglu ve Tabur 2015). Bitkiler ¢imlenme ve ilk
gelisme evrelerinde tuza daha duyarhdir. Sebzelerin tuz
tolerans1 diger kiiltiir bitkilerine oranla daha disiiktiir
(Oztiirk 2002). Tohumlarm cimlenmesi de bu olumsuz
cevre kosullarindan negatif etkilenebilmektedir. Bu durum
¢imlenme yiizdesi lizerine ya da ¢ikis {izerine olumusuz etki
seklinde gortilmektedir. Ancak abiyotik stres kosullarinda
¢imlenme ve ¢ikis sorunlarina kars1 tohumlara; hormon ve
biliylime diizenleyici madde soliisyonlarina daldirma veya
bu maddelerin 6n ¢imlendirme soliisyonuna ilave edilmesi
seklinde de uygulamalar yapilmaktadir (Kenanoglu 2016).
Boylece  bu  sorunlarin  distesinden  gelinmeye
calisilmaktadir. Asetil salisilik asit (ASA) bilesigide
bunlardan biri olup, abiyotik strese karsi savunma
mekanizmalarim1 da  harekete gegirdigi bilinmektedir
(Rivas-San ve Plasencia 2011; Hara ve ark. 2012). Asetil
salisilik asit’in kuraklik (Miura ve Tada 2014), tuzluluk
(Fahad ve Bano 2012), iisime (Yang ve ark. 2012) ve
yiiksek sicaklik (Fayez ve Bazaid 2014) gibi streslerle
iligkili oldugu yapilan arastirmalar ile ortaya konulmustur.
Ayrica ASA’nin tohum ¢imlenmesi, ¢ikisi ve tuz stresi gibi
durumlara kars1 olumlu etkiler gosterdigi, bununla beraber
bitkide bakteri, mantar ve viral enfeksiyonlara karsi
sistemik kazanilmigs (SAR) direnci uyardigi ve bazi
bitkilerde nitrat rediiktaz aktivitesini ve kuru madde
miktarini arttirmast gibi fizyolojik etkilere neden oldugu
bildirilmektedir (Kaydan ve Yagmur 2006).

Bu arastirmada tuz stresine oldukg¢a hassas olan havug
tohumlarinin tuz stresi altinda ¢gimlenme performanslarinin
farkli dozlarda uygulanan asetil salisilik asit (ASA) ile olan
iliskileri belirlenmeye c¢alisgilmistir. Elde edilen bu
sonuglara gore tuzluluk stresine karsi hassasiyeti olan ve
tohumla iiretimi yaygin olan havug gibi tiirlerde ASA
uygulamalarinin etkilerinin belirlenmesinde ornek teskil
etmesi hedeflenmistir.

2. Materyal ve Metod

Arastirmada, bitkisel materyal olarak “Nantes” tipi havug
(Daucus carota L.) tohumlar1 kullanilmigtir. Tohum 6n
cimlendirme  uygulamalar1  laboratuvar  ortaminda
gerceklestirilmis olup; tohumlar, 0, 50, 100 ve 150 mg L-1
ASA soliisyonlarina tabi tutulmus, daha sonra 0, 50,100 ve
150 mM NaCl tuz dozlarina maruz birakilararak, asagida
detayli agiklanan islemler gergeklestirilmistir.

Tohum nem tayini; Nantes havug¢ (Daucus carota L.)
tohumlarinin nem tayini Uluslararast Tohum Deneme
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Birligi (ISTA) “Yiiksek Sabit Sicaklik Yontemi”
kullanilarak gergeklestirilmistir. Tohumlar 6n ¢imlendirme
oncesi, 2 tekrarli ve her tekrarda 4.5 g tohum olacak sekilde
yiiksek sabit sicaklikta “130-133 °C” 60+3 dk. boyunca
kurutulmustur. Etiivden ¢ikarilan 6rnek, kapagi kapatilarak
icinde nem c¢ekici silika jel bulunan desikator igine
konulmus ve oda sicakhiginda sogutulduktan sonra
tartilarak, kurutma sonrasi meydana gelen agirlik kaybi
orijjinal (yas) agirligina oranlanarak % tohum nemi
belirlenmistir. Buna gére Nantes havug ¢esidi tohumlarinin
% nem tayini asagidaki formiil kullanilarak belirlenmistir.

% nem = [(M2-M3) / M1] X 100

M1: kurutma 6ncesi tohum agirligi

M2: kurutma 6ncesi tohum + dara agirhigi
M3: kurutma sonrasi tohum + dara agirligt

Buna gore havug tohumlarimin nem kapsamlarinin %10,51
oldugu tespit edilmistir (ISTA 2009).

2.1. On ¢imlendirme uygulamalart

Tohumlar saf su iginde O (kontrol), 50, 100 ve 150 mg L-1
ASA soliisyonlarinda bekletildikten sonra 15 °C sicaklikta
iklim dolabinda 24 saat 6n ¢imlendirmeye birakilmigtir. Her
bir uygulama igin, 10 g havu¢ tohumu 20 ml uygulama
soliisyonu iginde (1:2 tohum soliisyon) petri kaplarinda 6n
¢imlendirme islemine tabi tutulmustur. Uygulama sonrast
tohumlar filtre kagidina serilerek uygulama Oncesi nem
agirliklarma kadar oda sicakliginda kurutulmustur.
Arastirmada kontrol tohumlari ile birlikte uygulama goren
tohumlar ¢imlenme ve c¢ikis testine alinmigtir. Biitiin
uygulamalarda ¢imlenen tohumlarin sayimi giinliik olarak
yapilmis ve ¢imlenen tohumlarin oram yiizde olarak
belirlenmistir.  On  ¢imlendirme uygulamalar1  gdren
tohumlar ile kontrol tohumlarinda, standart tohum
¢imlenirme kurallarma gore 20 °C sicaklikta kum
ortaminda ¢imlenme, ¢ikis ve fide bilylime testlerine tabi
tutulmuslardir.

2.2.Standart cimlenme testi

On ¢imlendirme uygulamalarmin NaCl stresi altinda
¢imlenme performans: {izerine etkisinin belirlenmesi
amactyla havu¢ tohumlari, 0, 50, 100 ve 150 mM NaCl
soliisyonlarinda  6n  ¢imlendirmeye almmugtir.  On
¢imlendirme Oncesi ve sonrasinda tohumlarda canlilik
oranlarmi belirlemek i¢in, ISTA kurallarina gore her bir
uygulama 4 tekerriir ve her bir tekerriirde 50 adet tohum
olacak sekilde petri kaplarina ekilmis, 20 °C sicakliktaki
inkiibatorde 14 gilin siire ile ¢imlendirme testine tabi
tutulmustur (ISTA 2009). Her bir petriye 4 ml tuz (NaCl)
soliisyonu ilave edilmistir. Cimlendirme ortammda nem
azaldiginda yeniden hazirlanan tuz soliisyonlarindan ortama
ilave yapilmistir. Cimlendirme testinde giinliik sayimlar
yapilarak koke¢iik uzunlugu >2 mm olan tohumlar
¢imlenmis kabul edilmistir. Yapilan giinliik sayim
degerlerinden asagidaki formil kullanilarak ortalama
¢imlenme zamani (giin) hesaplanmistir. (Pedersen ve ark.
1993). Ayrica ginliik ¢imlenen tohumlar sayilarak
ortamdan uzaklastirilmamistir ve test sonunda normal ve
anormal ¢im (Sekil 1) oranlar1 belirlenmistir.
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Sekil 1. Normal ve anormal ¢imlenen tohumlar

Ortalama ¢imlenme zamani = ) (g*n) / Sn

g: sayimin yapildigi giin

n: sayimin yapildig: giin ¢imlenen tohum sayist
Sn: test sonunda toplam ¢imlenen tohum sayisi

2.3.Cikag testi

On ¢imlendirme uygulanmis tohumlar, 4 tekerriirlii ve her
tekerriirde 50 adet tohum olacak sekilde steril kum ile
doldurulan 500 cc plastik kaplara ekilmistir. Cimlendirme
testlerinde tohum fizyologlarmin kabul ettigi tohumdan
kokgik ¢ikist (2 mm) canlilik kriteri olarak kabul
edilmektedir. Ancak agronomik ac¢idan bakildiginda
cimlenebilen her tohumun eksiksiz ve kusursuz organlara
sahip normal bir bitki olugturmasi beklenemez. Bu nedenle
tohumlarin  ¢imlenme testinden farkli olarak, fide
olusturabilme giiciinii belirlemek i¢in kumda ¢ikis testleri
yapilmistir. Cimlendirme testinde oldugu gibi her bir
uygulama igin 4 tekerriir ve her bir tekerriir de 50 adet
tohum olacak sekilde iginde kum bulunan plastik kaplara
ekimi gerceklestirilerek 15 °C sicakliktaki iklim dolabinda
21 giin boyunca ¢ikis testine tabi tutulmustur. Sulama suyu
olarak 0, 50, 100 ve 150 mM NacCl soliisyonu kullanilmistir.
Test sonunda kum iizerine ¢ikan ve kotiledon yapraklari
kum yiizeyine paralel hale gelen ¢imler sayilarak % ¢ikis
orant belirlenmistir. Bu testlerde de giinliikk sayimlar
yapilmig ve bu degerler kullanilarak standart ¢gimlendirme
testinde ifade edilen formiil kullanilip ortalama ¢ikis zamani
belirlenmistir.

2.4.Fide kalitesindeki degisim

Uygulamalarin fide kalitesi tizerine etkisini belirlemek
amactyla, her bir uygulamadan 50 adet tohum iginde torf
bulunan  (Klasmann-Deilman ~ GmbH,  PotgrandH,
Germany) saksilara ekilmigtir. Ekim sonrasi saksilar 20 °C
sicakligindaki iklim odasinda tutulmustur. Saksilar 0, 50,
100 ve 150 mM NaCl soliisyonlar1 ile sulanmugtir.
Saksilarda yetistirilen fideler 2-4 yaprakli olduklari
donemde (yaklasik 35-40 giin), her bir uygulamadan
rastgele segilen 10 fidede, kumpas yardimi ile fide boyu
(rozet govde ile bliyiime ucu arasi cm olarak) ve fide ¢ap1
(rozet gdvde) 6l¢iilmiistiir..

2.5. Istatiksel analiz

Elde edilen veriler faktoriyel diizende SPSS programi
kullanilarak varyans analizine tabi tutulmus, ortalamalar
arasindaki farkliliklarin ~ karsilagtirilmasinda  Varyans
analizi, faktorlerin seviye ortamlar: arasindaki farkliliklar
TUKEY testi kullanilarak belirlenmistir (p< 0.05).
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3. Bulgular

On c¢cimlendirme uygulamalarinda 6n ¢imlendirme
uygulanmis ve kontrol havu¢ tohumlarinda 20°C yapilan
standart ¢imlenme testi sonuglart degerlendirildiginde tuz
(NaCl) konsantrasyonu arttikga tohumlarin ¢imlenme
oranlarinda  bir azalis meydana gelirken, ASA
uygulamasmnda ise ¢imlenme oranlarinda artiglar
gergeklesmistir. Ayrica 6n ¢imlendirme uygulamalarinin
¢imlenme orami iizerine etkisi istatistiki olarak anlaml
bulunmustur. Uygulamalarda Doz x Tuz ikili interaksiyonu
istatistiki onemli bulunmadig1 i¢in ikili interaksiyon hataya
dahil edilmistir. Toplam ¢imlenme 6zelligi bakimindan elde
edilen verilerle yapilan varyans analizi sonucunda Doz X
Tuz interaksiyonu istatistiki olarak onemli bulunmustur
(p<0.05). Elde edilen sonuglar incelendiginde; 0 mg/L
(kontrol) ASA 6n uygulamasinda en yiiksek ¢imlenme orant
% 89 ile 0 mM NaCl tuz dozunda gdzlenmistir. On
uygulamalar arasinda en yiiksek ¢imlenme oranina %93,0
ile 50 mM NaCl ile 50 mg/L ASA interaksiyonu 150 mg/L
ASA ile 50 mM NaCl dozlarinda belirlenmistir. Tuz stresi
cimlenme orani incelendiginde uygulamalar (ASA) ne
olursa olsun tuz stresi artik¢a ¢cimlenme oraninda azalmalar
tespit edilmistir (Tablo 1). Cimboyu degerleri bakimdan
kontrol (0 mM NaCl) kosullarinda 5.2, 5.4, 5.3, 5.8 cm
degerlerini sirasiyla 0, 50,100 ve 150 ASA dozlarinda en
yiiksek degerlere ulagtigi belirlenirken, tuz artikga ¢im
boyunda azalmalar olugu belirlenmistir. En diisiik degerler
150 mM NaCl uygulamasinda 50 mg/L ASA
uygulamasinda 0.3 ile belirlenmistir. Ancak 50 ve 100 mM
NaCl uygulamarinda ASA uygulamalariin oldukea etkili
oldugu gozlemlenmisitir (Sekil 2).

Tablo 1. Farkli tuz (NACI) ve ASA uygulamalarinin standart
cimlendirmeye etkileri

Cimlenme Normal Anormal

ASA NaCl orant  Gimlenme c¢imlenme Cim boyu

(mg/L) (mM)  (%>2mm) Orani (%) (cm)
0 89,0Ba 80,0Aa 9,0Aab 52 Aa*

0 50 87,0Ba 77,5Aa 9,5 Aa 4,4 Bb
100 81,5Bb 72.0Aa 95 Aa 3,3Cab

150 54,0 Ac 46,0Bb 8,0 Ab 1,8 Da

0 92,0 Aa 82,0 Aa 10,0 Aba 5,4 Aa
50 50 93,0 Aa 83,0Aa 10,0 Aba 5,0 Aab

100 88,0 Ab 750Aa 13,0Aa 32Bb

150 450Bc 32,0Bc 13,0Aa 0,3Cb

0 925Aa 86,5Aa 6,0Cb 5,3 Aa
100 50 92,0Aa 850Aa 7,0Ca 5,0 Aab
100 850Ab 68,0Ba 17,0Ba 3,5Bab

150 43,0Cc 240Cc 190Aa 0,7Cb

0 93,0Aa 87,0Aa 6,0Bb 5,8 Aa

150 50 93,0Aa 86,0Ba 7,0Aba 5,4 Aa

100 88,0 Ab 77,0Ba 11,0 Aa 3,9Ba

150 46,5Bc 40,0Cb 6,5Bb 0,6 Ch

*Biiyiik harfler her bir tuz dozunda ASA dozlari aras1 farkliig: her kiigiik harfler
ise her bir ASA dozunda tuzlarm seviye ortalamalari aras1 farklilig
gostermektedir. p<0.05 **
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Aragtirma sonuglarina gore 6n ¢imlendirme uygulamalari
fide boyu ve fide cap1 iizerine etkileri olumlu etkide
bulunurken, NaCl uygulamalart fide boyu ve ¢apinda
azalmalara neden olmustur. Tablo 2’de gosterilen verilere
gore tuz stresi artik¢a fide boyu ve fide ¢apt azalmistir. En
yiksek fide boyu 0 NaCl dozunda 150 mg/L ASA
uygulmasinda 11.9 c¢m ile ilk sirada yer alirken, bunu yine
ayn1 tuz dozunda 11.5 ve 11.4 cm ile sirasiyla 50 ve 100
mg/L ASA uygulamalar: takip etmistir. En kisa fide boyu
50 mg/L ASA uygulamasinda 100 mM NaCl dozunda 3.8
cm ile elde edilmistir. Fide ¢cap1 degerleri incelendiginde en
yiiksek deger 1.17 mm ile 100 mg/L ASA uygulamasinda
ve 0 mM NaCl tuz dozundan elde edilmistir (Tablo 2). En
diistik degerler ise 0 mg/L ASA uygulamarinda 0.25 ve 0.29
mm ile sirastyla 100 ve 150 mM NaCl tuz dozlarinda
goriilmiistiir (Tablo 2).

Tablo 2.0n ¢imlendirme uygulamalarinin tuz stresi altinda havug
tohumlarmin fide boyu ve fide ¢api iizerine etkileri

ASA NaCl Fide boyu Fide ¢ap1
(mg/L) (mM) (cm) (mm)

0 10,6 Ab 0,78 Ab

0 50 8,0 Ba 0,49 Bb

100 52 Cab 0,25 Ch

150 42 Da 0,29 Ch

0 115 Aa 0,94 Ac

50 50 70Bb 0,68 Bb

100 4,7Cbh 0,43 Cab

150 38 Da 049 Ca

0 114 Aa 1,17 Aba

100 50 73Bb 0,86 Ba

100 54 Ca 054 Ca

150 4,0 Da 043 Cab

0 119 Aa 0,74 Ac

150 50 7,1Bb 0,67 Aa

100 5,7 Ca 0,53 Ba

150 44 Da 0,43 Cab

*Biiyiik harfler her bir tuz dozunda ASA dozlari arasi farklilig1 her kiigiik
harfler ise her bir ASA dozunda tuzlarin seviye ortalamalari arasi
farklilig1 gostermektedir. p<0.05 **

ASA uygulamalarinin tuz stresi altinda havug tohumlarinin
ortalama ¢ikis zamani iizerine etkileri denemede aragtirilmis
olup Tablo 3’te gosterilmistir. Buna gore tuz dozu artik¢a
ortalama  ¢ikis  siliresininde  artigi  ayirica  ASA
uygulmalarmin bu ¢ikis stiresi lizerine ¢ok olumlu bir
etkisinin olmadig1 belirlenmistir. Ornegin 150 mg/L ASA
uygulmasi ve 150 mM NaCl uygulmasinda ¢ikiglar 12.5 giin
ile en uzun siirede ¢imlenmistir. 0 mM NaCl (konrtol)
uygulmalarinda 7.7, 9.0, 8.7, 8.3 giin sirastyla 0, 50, 100,
150 mg/L ASA uygulamalar ile bir artig gosterdigi tespit
edilmistir.
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Tablo 3. ASA uygulamalarimin tuz stresi altinda havug
tohumlarinin ortalama ¢ikis zamani iizerine etkileri

ASA NaCl Ort. Cikis Zamani
(mg/L) (mM) (giin)
0 7,7Cb
0 50 9,1 Aba
100 10,0 Aa
150 8,6 BCc
0 9,0 Ba
50 50 8,4 Ba
100 11,2 Aa
150 11,3 Aa
0 8,7 Bab
100 50 8,6 Ba
100 9,9 Abb
150 11,0 Ab
0 8,3 Cab
150 50 9,5 Bca
100 10,0 Bab
150 125 Aa

*Biiyiik harfler her bir tuz dozunda ASA dozlar arasi farkliligi her kiigiik
harfler ise her bir ASA dozunda tuzlarin seviye ortalamalari arasi
farklilig1 gostermektedir. p<0.05 **

50 mg/L ASA 100 mg/L ASA 150 mg/LASA

mM
NaCl

50

mM
NaCl

100
mM

NaCl

150
mM
NaCl

Sekil 2. ASA ve tuz kombinasyonlarmm tohum ¢imlenmesi
tizerine etkileri

4. Tartisma

Bu c¢aligmada son yillarda yapilan birgok arastirmada
yaygin olarak kullanilan; Asetil Salisilik Asitin (ASA) tuz
stresi altinda havug tohumlarinin ¢imlenme ve ¢ikisi lizerine
etkileri arastirilmistir
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Tuz stresi altinda havug bitkisinin ¢imlenme ve ¢ikigini
iyilestirmek amaciyla yapilan denemede standart
¢imlendirme, diisiik ve yiiksek sicaklik ¢imlendirme, ¢ikis
testi, fide kalitesindeki degisimi gosteren parametreler
incelenmis ve istatistiki olarak Onemli bulunmustur.
Calismada, tuzluluk, konsantrasyonuna bagli olarak havug
tohumlarinin ¢imlenmesini engellemistir (Tablo 1). Tuzun
tohumlarda c¢imlenmeyi engelleyici etkisi, pek ¢ok
aragtirmada ortaya konmustur (Ghoulam ve Fores 2001;
Gulzar ve Khan 2002; Cavusoglu ve ark. 2007; Ibrahim
2016). Cimlenme oraninin azalmasma yiiksek tuz
konsantrasyonunun su alimini engellemesi, tuzun toksik
etki yapmasi ve ¢imlenme sirasinda gerekli olan enzimlerin
tuz stresinden dolay:r aktif hale gelememesinin neden
oldugu bildirilmektedir (Essa 2002; Sadeghian ve Yavari
2004; Lauchli ve Grattan, 2007; Khayamim ve ark., 2014).

Yapilan bu arastirmada tuz stresi ile ¢imlenme yiizdesi
diismistiir. Ancak ASA uygulamalar1 tuz stresi altinda
cimlenme yiizdesini artirmistir (Tablo 1). Ornegin; 0 mg/L
ASA uygulamasinda 100 mM tuz stresinde ¢imlenme
%381,5 oraninda gergeklesirken ayni doz tuz stresinde 150
mg/L ASA uygulamasinda %88 ¢imlenme gozlenmistir.
Buna gore uygulanan asitlerin ¢cimlenme orani {izerine %6,5
oraninda olumlu etkide bulunduklari tespit edilmistir.
Benzer bir aragtirmada yine havug bitkisinde abiotik stres
altinda ASA uygulamalariin ¢imlenme iizerine olumlu
etkide bulundugu belirlenmistir (Rajasekaran ve ark. 2002).

Arastirma sonucunda elde edilen bulgulara gore, 0 mg/L
(kontrol) ASA dozunun 6n uygulamasinda en yiiksek
cimlenme orani %89 ile 0 mM NaCl uygulamasinda elde
edilmistir. On uygulamalar arasinda en yiiksek gimlenme
oranina %93.0 ile 50 mg/L asit ile 50 mM NaCl dozu ve 150
mg/L asit ile 50 mM NaClI dozunda belirlenmistir. Ayrica
¢im boylarinin ASA uygulamalar iylestigi belirlenmistir
(Sekil 2). Benzer bir calismada Mas fasulyesinde tuzlu
kosullarda uygulanan SA ve KNO3z uygulamalarinin
¢imlenme ile igili 6zellikleri iyilestirdigi ve tuz stresine
karst ¢imlenme asamasinda dayanikliligi  artirdigi
gozlenmistir (Entasari ve ark. 2012).

Normal ¢imlenme sonuglar1 incelendiginde ise yiiksek
normal ¢imlenme oraninin %87 ile 150 mg/L ASA ile 0
mM NaCl dozu kombinasyonundan elde edildigi
belirlenmistir (Tablo 1).

Denemede elde edilen standart ¢imlendirme testi
bulgularina yapilan varyans analizi sonucuna gére havug
tohumlarina yapilan 6n uygulamalarin ortalama ¢imlenme
zamani lizerine etkisi NaCl doz interaksiyonu Onemli
bulunmustur. En diisiik ortalama ¢imlenme zamani 3.9 giin
ile 0 mM NaCl dozunda gozlenmistir. En yiiksek ortalama
¢imlenme zamani 150 mM NaCl tuz dozunda 9.0 giin
olmustur (Tablo 3). Sonuglar gore tuz dozu artik¢a ortalama
¢imlenme zamani uzamigtir. Havug bitkisi tuza tolerans
diizeyi disiik olan bir bitki oldugu i¢in tuzluluk ortalama
¢imlenme zamanini olumsuz etkilemistir. Arastirmacilarin
yaptig1 caligmalar ile bu denemede elde edilen sonuglar
paralellik gdstermis olup; tuzlulugun ¢imlenme iizerine
olumsuz etkiler gosterdigini belirtilmistir (De Villiers ve
ark. 1994). Ancak tohuma yapilan 6n uygulamalarin hem
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¢imlenme hemde ¢im boyu iizerine olumlu etkilerinin
oldugu soylenebilir nitekim yapilan bir aragtirmada ASA
uygulanmis biber tohumlarinin ¢imlenme ve ¢ikis
performanslarini artirdigi belirlenmistir (Korkmaz 2005).
Bu durum ASA’nin abiyotik stres kosullarmma karst
toleransin  artirilmasinda  6nemli rol  alabilecegini
gostermektedir.

Fide boyu ve fide ¢cap1 denemede yapilan istatistiki analizler
sonucu ASA x NaCl interaksiyonu 6nemli bulunmustur.
Tespit edilen degerler incelendiginde en yiiksek fide boyu
degeri 150 mg/L ASA uygulamasinin 0 mM NaCl dozunda
11,9 cm olarak elde edilmistir, en diisiik fide boyu ise 50
mg/L asit uygulamasinin 150 mM NaCl dozunda 3,8 cm
olarak ol¢iilmistiir. Diger uygulamalar arasinda ASA X
NaCl interaksiyonlarma bakildigr zaman 0 mM tuz dozu
oranlarinda asit dozu artirildiginda fide boyu {iizerinde
olumlu etki gozlenmistir (Tablo 2). Fide ¢ap1 bakimndan ise
100 mg/L ASA dozunda 1.17 mm ile en yiiksek fide ¢ap1
degeri 0 mM NaCl dozunda belirlenmistir. ASA X NaCl
interaksiyonunda asit dozu artik¢a fide ¢ap1 degeri artmigtir
ve tuz dozu artike¢a fide ¢cap1 degeri azalmistir. En diisiik fide
cap1 degeri 0 mg/L (kontrol) ASA dozunun 100 mM NaCl
uygulamasinda 0,25 mm olarak Ol¢iilmiisgtir. ASA
uygulamalarinda asit dozlar1 tuzluluk stresine karsi pozitif
etki sagladigi belirlenmistir (Tablo 2). Havug gibi
¢imlenmesi ge¢ ve zor olan kiiciik embriyolu bazi sebze
tohumlarinin olumsuz toprak kosullarindaki ¢imlenmesini
iyilestirmek ve homojen fide ¢ikisini saglamak amaciyla
yapilan arastirmalarda (Brocklehurst ve ark. 1984; 1987a,b;
Yanmaz ve Ozdil 1992) ekim 6ncesi baz1 6n uygulamalar
sonunda ¢imlenme ve ¢ikis hizi oranlarini arttig1, erken ve
homojen fide ¢ikisi sagladigi belirlenmistir (Duman ve
Esiyok 1998).

On ¢imlendirme uygulamalarmin tuz stresi altinda ortalama
¢ikis zamanina etkisi incelendiginde ASA x NaCl doz
interaksiyonu istatistiki olarak 6nemli bulunmustur.
Denemede sonuglara bakildigi zaman 0 mg/L ASA
(kontrol) 6n uygulamasinda en diisiik ortalama ¢ikis zamani
7,7 gin ile 0 mM NaCl uygulamasinda gozlenmistir.
Arastirma sonuglarina gore tuz dozunun artmasi havug
tohumlarinin ortalama ¢ikis zamanini uzatmustir, 150 mg/L
ASA doz 6n uygulamasinda 150 mM tuz dozunda 12,5 giin
ortalama ¢ikig zamaniyla en yiiksek degere ulagsmistir.

5. Sonug¢

Bu arastirmadan elde edilen sonuglar genel olarak
degerlendirildiginde Nantes havu¢ tohumlarina uygulanan
tuz ¢ozeltisi genel olarak bitki biiylimesini olumsuz yonde
etki ederken ASA 06n uygulamasi tuzun bu olumsuz
etkilerinin aciga ¢ikmasii geciktirmis ve tohumlarda tuz
stresi belirtilerinin daha ge¢ goriilmesine yol agmistir. Bu
acidan ASA c¢imlenme orani, ¢ikig testi ve fide kalitesi
lizerine tuz stresinin olumsuz etkilerini diizeltici etkiler
yapmistir. ASA uygulamasmin bitki gelisimini olumlu
yonde etkiledigini ve tuzun olumsuz etkisini tolere ettigini
gostermigtir. Streslere toleransi arttirmak i¢in ASA gibi 6n
uygulamalarin  kullanim1 alternatif yaklagimlar olarak
goriilmektedir. Yapilan bu c¢alismanin havug tiretiminde
tuzluluk stresine karsi olumsuz etkileri en aza indirerek
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ureticiye 1s1k  tutacagi ve iilke ekonomisine Kkatki
saglayabilecegi diistiniilmektedir.

Tesekkiir

Bu ¢alisma CA tarafindan hazirlanan “Asetil Salisilik Asit
Soliisyonlarinda On Cimlendirmenin Havug Tohumlarinin
(Daucus carota L.) Tuz Stresi Altinda Cimlenme ve Cikist
Uzerine Etkileri” isimli Yiiksek Lisans tezinden

iretilmistir.
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Abstract: The COVID-19 process, which started in Wuhan, China, is one of the most significant viral diseases characterized by
high mortality and catching millions of people around the world since it appears. In this study, a total of 189 patients, 85 outpatients,
and 104 inpatients were diagnosed with COVID-19 with positive PCR tests examined, admitted to the COVID 1-2-3 services of
the Faculty of Medicine of Kafkas University between November 1 and November 16, 2020, has been examined. The relationship
between laboratory findings and pathogen disease in the diagnosis, treatment and course of the disease has been tried to be revealed.
The majority of patients with fever, reflux diabetes and tumours are over the age of 65 (61.7%), and 68 (36.2%) of them are women
and 120 (63.8%) are men. Demographic characteristics of the patients, biochemical parameters such as serum ferritin, iron, troponin
T, D-dimer levels, and hemogram and coagulation results were evaluated. Findings will contribute to clinicians and biochemists
about the prognosis and mortality of COVID-19, its course in some other diseases, and the ways to be followed in treatment.

Keywords: COVID-19, biochemical parameters, chronic diseases.

COVID-19 hastalarinda biyokimyasal laboratuvar bulgulart: patojen ve hastalik iligkisi

Ozet: Cin’in Wuhan kentinde baslayan COVID-19 siireci; ortaya cikisindan bu yana diinya iizerinde milyonlarca insanin
yakalandig1 ve yiiksek mortalite ile karakterize edilen en 6nemli viral hastaliklarinin basinda yer almaktadir.1-16 Kasim 2020
zaman araliginda Kafkas Universitesi Tip Fakiiltesi Covid 1-2-3 servislerine bagvuran PCR testleri pozitif ¢ikan Covid-19 tanisi
almig ayakta tedavi edilen 85, yatarak tedavi edilen 104 hasta olmak iizere 189 hasta alindi. Hastaligin tani, tedavi ve seyrinde
laboratuvar bulgularmin patojen hastalik iligkisi ortaya konmaya calisildi. Arastirmada ates, reflii, diyabet ve tiimdrlii hastalarin
biiyiik ¢ogunlugunu 65 yasin iizerinde (%61.7) olup bunlarin 68 (%36.2)’i kadin, 120 (%63.8)’si erkekti. Hastalarin demografik
ozellikleri, serum ferritin, demir, troponin T, D-dimer diizeyleri gibi biyokimyasal parametreler ile hemogram ve koagiilasyon
sonuglart degerlendirildi. Bulgular; Covid-19'un prognozu ve mortalitesi ve diger bazi hastaliklardaki seyri hakkinda klinisyenlere
ve biyokimyacilara tedavide izlenecek yollarda katki saglayacaktir.

Anahtar Kelimeler: Covid-19, biokimyasal parametreler, kronik hastaliklar.
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1. Introduction

Coronaviruses  causing COVID-19 are of the
Orthocoronavirinae subfamily in the Coronaviridae family.
They are enveloped (zoonotic) RNA viruses that can infect
humans and a wide variety of animal species (Mac-Lachlan
and Dubovi 2017). They are included in the same virus
family as SARS CoV and MERS CoV. The subtypes

© EJBCS. All rights reserved.

circulating in humans (HCoV-229E, HCoV-0C43, HCoV-
NL63 and HKU1-CoV) constitute a large virus family that
mostly causes the commaon cold (Inal 2016). SARS-CoV-2
shares 79.6% of its genome sequences with SARS-CoV.
Thanks to the spike (S) glycoprotein encoded, both viruses
enter the host cell by binding to the transmembrane serine
protease (TMPRSS) and ACE2 (angiotensin converting
enzyme (Inal 2016) receptors released from the host cell
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membrane. Once inside the cell, SARS-CoV-2 causes
cellular death and injury in the airway epithelial cells
through various processes such as pyroptosis. Increased
proteases and reactive oxygen species cause further damage
and hyperinflammation (Lu 2020; Lan et al. 2020).
SARSCoV-2 has been found to show quite high affinity to
the ACE2 receptor. Several organs and especially the lung
possess ACE2 receptors on cell surfaces (Xu et al. 2020).
The new type of coronavirus has been shown to bind to the
ACE?2 receptor ten times more strongly (Qi et al. 2020;
Kappert et al. 2020).

Many studies have been conducted to identify the predictors
of laboratory findings related to the course of the disease
since the start of the coronavirus disease pandemic in 2019.
The oxygen level decreases due to the virus-related alveolar
collapse in most of the studies, but the condition advances
with shortness of breath since CO2 exchange continues
(Dreher et al. 2020; Kappert) et al. 2020; Wang. Et al.2020)
In other words, all tissues and organs, and especially the
lung, are affected by the pathogen. In addition to the
physiological, clinical, hematological and homeostasis-
related findings, biochemical parameters also provide
partial but important information about the course of the
disease in order to determine the pathogen’s effects. These
chemical markers not only reflect the severity of the disease,
but also shed light on the prognosis and the pathological
mechanisms.

The elevation of proinflammatory cytokines in the disease
indicates that the serum concentration acute phase proteins
are the cause of the increased CRP in particular (Ruan et al
2020; Banerjee et al. 2020)). while high ferritin levels
indicate advanced disease and increased mortality (Chan et
al. 2020; Guo et al. 2020). Cardiovascular disease (CVD),
diabetes mellitus type 2 (DMT2), hypertension, malignancy
and chronic obstructive pulmonary disease (COPD) can be
present among Covid-19 patients. This is due to the fact that
there may be oxidative species (ROS) formed during
reactive release with an imbalance in the endogenous
antioxidant capacity (Wang et al. 2010). However,
increased coagulation abnormalities and a high incidence of
thrombotic events together with changes in the activated
partial thromboplastin time (aPTT) and prothrombin time,
increased D-dimer levels, and thrombocytopenia have been
found in these patients (Y1lmaz and Eren 2020).

One of the most striking laboratory results in COVID-19 is
high serum ferritin levels. Understanding how iron
metabolism and viral infection interact may be important in
developing new methods of keeping the disease under
control. The extracellular iron found in normal healthy
lungs is reported to cause oxidative damage and make the
organism particularly wvulnerable to viral infections
(Memikoglu and Geng 2021). COVID-19 has been reported
to potentially cause long-term and progressive hypoxia by
binding to the heme groups in the hemoglobin in
erythrocytes, in addition to multi-organ damage by
decreasing the oxygen saturation (Khot and Nadkar 2020).

The iron-related severe fatigue seen in the patients at the
onset and later stages of COVID-19 can be considered a
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hypoxic state due to the decrease in oxygen. Biochemical
examinations of 99 patients with coronavirus have revealed
a significant increase in serum ferritin, erythrocyte
sedimentation rate, C-reactive protein, albumin, and lactate
dehydrogenase index values, while most of the hemoglobin
and neutrophil counts were decreased. This clinical picture
indicates that the pneumonia is associated with hemoglobin
(Guo et al. 2020). The aim of this study was to understand
how the iron metabolism and viral infection interact, in
order to possibly guide the development of other studies and
new methods, take the disease under control, and make new
recommendations. A total of 189 patients with positive
COVID-19 PCR tests were included in the study. These
patients’ demographic characteristics, laboratory values,
and the relationship of the pathogen with oxygen and iron
were investigated. Based on these data, we tried to
determine whether there was a significant relationship
between the biochemical values of the patients and
compensation, and whether these parameters could be used
as prognostic indicators.

2. Materials and Method

The records of 189 patients attending the Kafkas University
Faculty of Medicine Research Hospital’s COVID
department and intensive care unit during the 1-16
November, 2020 period were retrospectively reviewed.
Taking the WHO guidelines into account, patients
diagnosed with SARS-CoV-2 RNA with the polymerase
chain reaction (PCR) test were included in the study with a
diagnosis of COVID-19, regardless of whether they had
symptoms or not. The study was conducted according to the
Helsinki Declaration. Approval for the study was obtained
from the Kafkas University Faculty of Medicine’s Non-
Interventional Research Ethics Committee, dated April 04,
2021 and numbered 80576354-050-991/62. The patients
were divided into two groups as inpatients and outpatients.
Thorax CT and a PCR test were performed in every patient.
The patients who were positive and whose vital functions
had been adversely affected by the COVID-19 symptoms
were hospitalized and COVID-19 treatment was started.
Asymptomatic patients who were diagnosed with COVID-
19 and did not have direct chest x-ray or lung tomography
images and also did not have pneumonia were followed up
as outpatients.

Roche Cobas C501 brand device with urea (kinetic test,
ureaz and glutamate dehydrogenase), creatinine (Jaffe
method), lactate  dehydrogenase(LDH),  aspartate
aminotransferase(AST), alanine aminotransferase (ALT)

(absorbance), gamma glutamyltransferase (GGT)

(enzymatic colorimetric), alkaline phosphatase(ALP)
(colorimetric), bilirubin (diazo method), CK, Ca, Mg, P, Hb
(photometric), albumin, D-dimer (immunoturbidimetric),

C-reactive protein(CRP) (turbidimetric), Na, Cl (ion
selective electrode (ISE)), ferritin
(electrochemiluminescence), troponin
(electrochemiluminescence). Coagulation markers were
measured with the Ceveron Alpha device, using the
activated partial thromboplastin time(APTT), prothrombin
time(PT): clotting test method. Hemogram was performed
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with Abxpentra Dx 120 and leukocytes, red blood cell
(RBC) and defined platelet(PLT) with double
hydrodynamic sequential system (DHSS) cytometry,
impedance and absorbance methods.

2.1. Statistical Analysis

The descriptive data (mean, standard deviation, minimum,
maximum, percentage) of the variables were calculated.
The Mann-Whitney U test was used for two independent
groups and the Kruskal-Wallis test for more than two

Table 1. Demographic characteristics of patients
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independent groups as the nonparametric test for the
intragroup comparison of the parameters not showing a
normal distribution. A confidence interval of 95% and a
statistical significance level of p<0.05 were used.

3. Results

A total of 189 patients diagnosed with COVID-19,
including 85 outpatients and 104 inpatients were included
in the study. Most of the patients (61.7%) were aged over
65 years; 68 (36.2%) were female and 120 (63.8%) were
male (Table 1).

Variable
Age 35-49 years 35 - 49 years 50 - 64 years
Number(n) 23 14 49
Percentage (%) 12.2 74 26.1
Gender Total
Famale 68 121 189
Male 36.2 63.8 100.0

Table 2. Chronic disease distribution of patients
Variable None Present Total None Present Total
Tumor Cough
Number 182 6 188 Number 116 72 188
Precentage(%)  96.8 3.2 100.0 Precentage(%)  61.7 38.3 100.0
Dabet Fever
Number 152 36 188 Number 185 3 188
Precentage(%) 80.9 19.1 100.0 Precentage(%) 98.4 1.6 100
HT KH
Number 147 39 186 Number 165 23 188
Precentage(%)  79.0 21.0 100.0 Precentage(%)  87.8 12.2 100.0
Variable None Present Total None Present Total
Tumor Cough

A tumor was present in 3.2% Of the patients in 19.1% HT in 21.0%,
cardiac failure in 12.2% symptoms consistent with gastrointestinal
reflux in 18.6%, acough in 38.3% and fever (above 37.4 degrees
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0C) in 1.6% (Table 2). The blood biochemical parameters,
hemogram and coagulation results evaluated in the study are given
in Table 3 and 4.
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Table 3 Biochemical laboratory results
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Variable n Mean Sd Median Min Max
Albumin 12 4.09 0.77 4.09 2.83 5.59
Urea 184 44.48 23.18 39.00 0.89 152.00
Creatinine 182 1.05 0.77 0.92 0.38 10.07
ALP 112 85.71 28.61 80.00 40.00 192.00
ALT 184 31.79 45.87 21.00 5.00 526.00
AST 184 32.23 26.13 26.00 11.00 213.00
D-bilirubin 181 0.22 0.28 0.16 0.00 2.40
GGT 135 45.99 52.82 31.00 6.00 440.00
LDH 178 299.97 114.28 273.00 108.00 814.00
CK 170 110.53 109.59 75.50 0.50 855.00
LDH 178 299.97 114.28 273.00 108.00 814.00
Ca 178 9.05 0.67 9.00 7.20 12.50
Mg 16 1.88 0.35 191 1.09 2.54
p 30 3.99 0.65 4.19 2.06 5.09
Na 185 135.58 13.62 137.00 9.80 154.00
Cl 175 101.36 11.26 102.20 431 117.70
Table 4. Hemogram and coagulations tests
Variable n Mean Sd Median Min Max
RBC 184 5.02 0.59 5.02 3.49 6.90
WBC 184 5.97 2.69 5.25 2.10 20.50
HGB 184 14.68 1.76 14.70 9.60 19.30
HCT 184 43.56 4.98 43.60 30.90 60.70
MCV 184 86.98 5.97 87.00 65.00 107.00
MCH 184 29.28 2.51 29.30 19.90 38.60
MCHC 184 33.64 1.49 33.60 28.50 36.70
RDV 184 14.41 1.95 14.00 4.00 22.40
Hb 184 14.68 1.76 14.70 9.60 19.30
NEU 183 4.61 6.48 3.20 1.00 58.00
LYM 184 1.95 3.65 1.30 0.37 34.10
MON 183 0.86 1.64 0.50 0.10 12.10
BAS 106 0.06 0.17 0.02 0.00 1.60
EOS 147 0.13 0.33 0.10 0.00 3.70
NEU% 182 60.99 12.38 62.75 0.00 89.30
PLT 184 210.92 96.27 198.00 13.80 602.00
PDW 184 23.15 35.50 16.00 10.00 236.00
Activated PTT 175 34.71 19.15 31.40 12.00 262.20
Ferritin 175 384.23 331.27 296.20 6.01 2000.00
D-Dimer 81 2309.95 4179.33 736.00 205.00 18800.00
PT(SN) 176 12.75 3.69 12.20 1.01 40.90
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Table 5. Relationship between fever, reflu, diabetes and tumor laboratory findings

Temperature Reflux Diabetes Tumor
None Present None Present None Present None Present

Parameters  Hospitalization Discharged | Hospitalization Discharged | Hospitalization Discharged | Hospitalization Discharged | Hospitalization Discharged | Hospitalization  Discharged| Hospitalization Discharged | Hospitalization Discharged
CRP r .203* .152* 0.87 1.000 .246* .226* 0.07 -0.005 .250" 187" -0.03 0.01 261" 202" -0,68 -0.41

p 0.01 0.05 0.33 N/A 0.00 0.01 0.69 0.98 0.00 0.03 0.86 0.94 0.00 0.01 0.14 0.42
Ferritin r 0.03 0.02 -0.87 -0.50 0.06 0.08 -0.09 -0.19 0.07 0.03 -0.09 0.07 0.05 0.05 -0.72 -0.76

p 0.70 0.75 0.33 0.67 0.46 0.34 0.62 0.30 0.39 0.76 0.62 0.70 0.49 0.53 0.11 0.08
D- r 0.18 0.17 N/A N/A 0.18 0.17 0.15 0.06 0.20 0.22 0.04 -0.20 0.13 0.13 0.87 0.87
Dimer p 0.11 0.13 N/A N/A 0.15 0.17 0.62 0.84 0.11 0.07 0.90 0.54 0.25 0.26 0.33 0.33
WBC r 0.09 0.10 0.00 -0.50 0.07 0.10 0.14 0.10 0.09 0.12 0.01 -0.04 0.11 0.12 -0.48 -0.53

p 024 0.18 1.00 0.67 0.42 0.22 0.42 0.56 0.29 0.15 0.94 0.84 0.13 0.11 0.34 0.28
RBC r -.181* -0.14 0,00 0.50 -.212* -.170* -0.03 0.05 -177" -0.09 -0.18 -0.30 -.186" -0.14 0.09 -0.20

p 0.02 0.07 1.00 0.67 0.01 0.04 0.89 0.78 0.03 0.27 0.30 0.09 0.01 0.07 0.87 0.70
HGB r -0.14 -0.06 -0.87 -0.50 -.164* -0.08 -0.07 -0.01 -.164" -0.05 -0.01 -0.04 -.158" -0.07 0.48 0.09

p 0.06 0.45 0.33 0.67 0.05 0.32 0.69 0.97 0.05 0.53 0.94 0.82 0.04 0.36 0.34 0.87
PT r 0.06 0.13 1.000 0.87 0.08 .166* 0.02 0.06 0.02 0.08 0.22 0.32 0.03 0.09 0.72 971"
(Sec) p 044 0.10 N/A 0.33 0.36 0.05 0.90 0.75 0.83 0.34 0.21 0.07 0.73 0.26 0.11 0.00
PT (%) r 0.03 -0.04 -1.000 -0.87 0.03 -0.08 -0.02 -0.05 0.09 0.03 -0.21 -0.32 0.05 -0.02 -0.15 -0.41

p 0.66 0.60 N/A 0.33 0.74 0.37 0.91 0.79 0.26 0.77 0.23 0.07 0.55 0.82 0.78 0.42
PT r -0.02 0.02 1.000 0.87 -0.02 0.05 0.02 0.06 -0.08 -0.05 0.23 0.32 -0.03 0.00 0.15 0.41
(INR) p 077 0.80 N/A 0.33 0.85 0.59 0.90 0.75 0.33 0.56 0.20 0.07 0.66 0.97 0.78 0.42
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Table 5 shows the Mann-Whitney U test analysis results for
the association between reflux, diabetes and tumor and the

C-reactive protein, Ferritin, D-Dimer, white blood cells

(wBcC), red blood cells(RBC), hemoglobin (HGB),
prothrombin time (PT) (Sec), PT (%) and PT (INR) values.
A significant relationship was present between reflux and
the PT (Sec) value (p=0.014). The median PT (Sec) value
was 12.25 (1.01-39.50) in the absence of reflux and 12 (11-
21.80) in the presence of reflux. A significant relationship
was also found between reflux and the PT (%) value
(p=0.032). The median PT (%) was 89.3 (0.88-120.8) in the
absence of reflux and 95 (45.50-108) in the presence of
reflux. The relationship between reflux and the PT (INR)
variable was found to be significant (p=0.03). No significant
relationship was found between fever, diabetes, and tumor
presence and the CRP, Ferritin, D-Dimer, WBC, RBC,
HGB, PT (Sec), PT (%), and PT (INR) values.

4. Discussion

The COVID-19 pandemic threatens the population’s health,
weakens the economy, and destabilizes the society
worldwide (Legido et al. 2020). Although various treatment
methods are used in COVID-19 patients, there is no
currently proven definitive treatment and the search for an
effective treatment continues. The oxygen level decreases
due to the virus-related alveolar collapse, but the severity of
the shortness of breath increased since the CO; exchange
continues (Dreher et al. 2020). This means that the organism
is exposed to oxygen saturation. Respiratory distress has
been accepted as an oxygen saturation level below 93% in
our country. Detection of decreased oxygen saturation,
platelet count, and lymphocyte count, in addition to
increased CRP, ESR, prothrombin time, and D-iron in the
early stage of viral infections could save lives. Our results
indicate that normal or low WBC is generally associated
with lymphopenia but a lymphocyte count below 1000/mcL
can be associated with more serious diseases. The platelet
count is usually normal or slightly low. Diffuse alveolar and
endothelial damage associated with thrombus has been
reported in the pulmonary small arteries in this condition
(Kuno et al. 2020). CRP and ESR are generally high. The
prothrombin time and D-dimer elevation can be associated
with serious diseases, and have been found to high in
diabetes patients (Khot and Nadkar 2020). The most
common comorbid disease was found to be cardiovascular
disease with 28.2% of the cases having hypertension, 8.6%
coronary artery disease, and 6.9% heart failure (HF) in a
study from the United States of America including 8438
COVID-19 (Palmieri et al. 2020). We similarly found
COVID-19 to affect the cardiovascular system, directly or
indirectly. The morbidity and mortality seem to increase
when COVID-19 is accompanied by CVD. The mean age
of the 59304 COVID-19 patients who died was 80 years and
the death rate was higher in men in the December 2020
report from ltaly, the country with the highest death rate
(Drakesmith and Prentice, 2008). Besides, some studies report
those elderly men are more likely to be infected and rapidly
develop acute respiratory distress syndrome (ARDS),
creating a life-threatening situation (Guo et al. 2020).
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Iron is important for both biological and physiological
events. In case of disease, both the pathogen and the
infected person need iron. RNA gains active multi-reactive
capacity and the ability to catalyze new chemical reactions
in limited oxygen respiration or in the presence of iron in
the environment in disease states. People with congenitally
or acquired strong immune systems can carefully regulate
the iron metabolism to limit the presence of iron at times of
infection. lron can increase virulence and pro-oxidant
reactions and contribute to oxidative stress in the lungs. The
result is peroxidation, which leads to cellular damage in the
blood and tissues. Viruses target the same channel used for
iron transfer during pH-dependent cellular entry into the
intracellular acidic compartments. The inflammatory effect
has been seen to cause disturbed gas exchange between the
alveoli and blood vessels, leading to pulmonary fibrosis and
organ failure, in the pathogenesis (Drakesmith and Prentice
2008). The incidence of oxidative stress and acute
respiratory distress syndrome (ARDS) in COVID-19
patients has been reported as 17-29% and the rate for
intensive care need in these patients as 23-32% (Gobh et al.
2020). ARDS patients are exposed to severe oxidative stress
during this process. COVID-19 glycoproteins bind to the
heme in the erythrocyte and the toxic oxidative iron within
the specific structure is separated. Free iron circulates freely
when outside the cell. Hemoglobin can no longer bind to
oxygen without the iron ion. In other words, erythrocytes
lose their biological activity when hemoglobin deteriorates.
Erythrocytes circulate without oxygen only with the
porphyria-related COVID-19 virus. The insufficient oxygen
in the tissues causes severe hypoxia and a decrease in blood
oxygen saturation. When the iron ion is released from the
heme structure of millions of erythrocytes in patients
carrying the pathogen, this iron increases prooxidant
reactions and causes oxidative stress in the lung (Thell
2003). In contrast, there is oxidant-antioxidant balance in
the organism under normal conditions. One of these defense
systems consists of the small macrophages that circulate and
clean free radicals such as this oxidative iron, while
endogenous antioxidant enzymes constitute another (Giiven
and Kaya, 2005). The transferrin iron saturation is reported
to increase to high levels in viral pneumonia and
accordingly a deterioration to be present in the level of
antioxidant protection. (Thomas and Thomas 2017). The
presence of excess iron outside healthy lung cells decreases
the defenses against viral infections. In the presence of
severe oxygen deficiency in patients with COVID-19, the
RBC values in the patient's circulation provide direct or
indirect information about the severity of the disease
(Ruddell et al. 2009). Whether serum ferritin, which
indicates the status of iron storage in humans, is released
from the cell with an active mechanism or by cell leakage is
not certain. However, while many studies report that it can
function as a proinflammatory cytokine responsible for cell
damage (Guo et al. 2020). It also protects the cells during
the oxidation of Fe (II) to Fe (I11). Besides, after SARS-
CoV-2 enters the host cell, it encodes the production of
structural and non-structural proteins during the viral
replication stage and invades hemoglobin, which is one of
the non-structural proteins, and removes the iron atom, and



A Giiven et al.

also prevents the transport of the oxygen by binding to the
relevant region. Such hemoglobin types are considered
risky hemoglobins. This clinical picture may explain the
rapidly developing hypoxia. Theoretically speaking, the
viral load would be primarily responsible for the severity of
the disease, since patients with certain diseases have risky
hemoglobin (Liu et al. 2020).

While C-reactive protein (CRP) values were observed to
increase in patients with a ground glass image by thorax CT
in the lungs infected with COVID-19 after detecting a
positive PCR test in the blood, lymphopenia together with
increased creatinine phosphokinase (CPK), ferritin, D-iron
(>1 mcg/ml), and prothrombin time values were found,
possibly as a result of kidney damage (Kappert et al. 2020).
The similar situation in our study strengthens the view that
the CRP value can be considered an indicator of disease
severity. Wang et al. (2020) have reported that increased
severity of the disease is associated with increased iron
levels. The biochemistry laboratory results of 63 COVID-
19 patients have revealed that the blood iron values were
parallel to the classification of the disease severity in the
patients as light, moderate, severe and critical (Sun et al.
2020). Increased iron concentrations in the body cause
tissue damage, inflammation, and impaired organ function.
The pathological changes caused by the irregularities in
serum ferritin are also important (Lan et al. 2020). Certain
biochemical values are reported to undergo more significant
changes in covid-19 patients with diabetes mellitus and
reach the level of hyperferritinemia syndrome (Mehta et al.
2020). and this could increase the mortality rate due to
immunosuppression (Mehta et al. 2020; Shoenfeld 2020).
Monitoring of the serum iron level is recommended in other
studies and regulators of iron homeostasis such as serum
ferittin and hepadin are stated as a possible reason for the
elevated serum ferritin. It can therefore be said that D-iron
and ferritin have a strong correlation with the diagnosis and
disease severity (Kurz et al. 2011). The infection symptoms
and signs and the test values in the diabetic COVID-19
patients in our study were similar to classic COVID-19
cases.

Advanced age itself is seen to be a factor in decreasing the
immune response and the prevalence of this weakened state
increases markedly in this age group. Considering the data
obtained in the study and the age of the patients, it is
necessary to address the possible COVID-19 biochemical
parameters that increase disease severity singly or in
combination, analyze by which mechanisms the negative
effects occur, and implement the relevant practices in
diagnosis and treatment. For example, markers such as iron
should be investigated in addition to the possible
mechanisms mediated by ACE2. These findings could be
very important and provide clues to clinicians and
biochemists about the prognosis and mortality of COVID-
19. We therefore recommend conducting specific studies
that further reveal the metabolic pathways of virus-iron
interaction and focusing on decreasing the iron levels to
enable more specific treatment in viral infections.
Hypercoagulopathy and thrombosis were common in this
infection and the major reason for many complications seen
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in COVID-19. Creatine kinase, cardiac troponins,
myoglobin were used to assess cardiac status; aspartat
aminotransferase, albumin, lactate dehydrogenase were
used broadly to assess liver function and fibrin degradation
products, activated partial thromboplastin time and D-dimer
were used to determine the thrombotic state.
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Abstract: Valproic acid (VA), widely used as an antiepileptic, causes structural and functional kidney disorders. Whether
thymogquinone (TQ) has a beneficial effect on VA-induced nephrotoxicity has been investigated. Twenty-one male Spraque Dawley
rats were grouped into control, VA, and VA + TQ groups (n=7 for per group). VA (500 mg/kg/day) and TQ (50 mg/kg/day) were
applied to the rats orally for 14 days. They were euthanized on the 15th day of the treatment. The cyclooxygenase 1 (COX-1) and
cyclooxygenase 2 (COX-2) gene expression levels, biochemical parameters, total antioxidant/oxidant statuses (TAS/TOS),
oxidative stress index (OSlI), histological and immunohistochemical analysis were performed to evaluate kidney toxicity. In the
VA + TQ group, COX-1 expression levels increased, while COX-2 expression levels decreased. While the creatinine (Cr) and
blood urea nitrogen (BUN) levels, production of caspase-3 (CAS-3) and NADPH oxidase-4 (NOX-4) were increased in the VA-
treated group, they were decreased in VA + TQ group. Treatment with TQ against VA administration decreased TOS and OSlI

levels while increasing TAS. TQ protects the kidney against the toxic effects of VA.

Keywords: Apoptosis, COX-1, COX-2, Oxidative stress, Thymoquinone, Valproic acid

1. Introduction

Valproic acid (VA), an antiepileptic agent, has been used
for the treatment of different types of seizure and psychiatric
disorders for over 30 years. Although it is used as a safe
drug in the treatment of diseases, high doses and long-term
use bring some adverse effects e.g. weight gain, liver
toxicity, gastrointestinal problems, pancreatitis,
thrombocytopenia, encephalopathy, hematological
abnormalities, and renal injury (Knights and Finlay 2014;
Gezginci-Oktayoglu et al. 2016; Heidari et al. 2018). The
renal injury in human and animal models caused by VA has
been shown by previous studies but the mechanisms remain
unclear yet (Altunbasak et al. 2001; Endo et al. 2010;
Gezginci-Oktayoglu et al. 2016; Heidari et al. 2018).

Toxic intermediates like VA can cause renal injury as a
consequence of the formation of reactive oxygen species
(ROS), inflammation, and fibrosis, and can disrupt the
structure of the kidney (Chang and Abbott 2006; Sher et al.
2015). Studies have shown that VA causes oxidative stress,
inflammation, carnitine and mitochondrial deficiencies, and
fibrosis in Kidney tissue (Hamed 2017). In particular, renal
dysfunction and mitochondrial damage decrease ATP

© EJBCS. All rights reserved.

production and increase oxidative stress, impair apoptosis,
and cause necrosis by leading to microvascular loss and
fibrosis, thereby risking kidney function (Eirin et al. 2017).
Oxidative stress in patients with acute renal failure is
associated with an imbalance between the antioxidant
system and ROS production (Ragheb et al. 2009).

The kidneys have important roles in the regulation of water,
electrolyte, nitrogen, and acid-base balances to maintain the
body's homeostasis (Faria et al. 2019). The kidney has
abundant blood flow and a large capillary surface area. Due
to the kidney's role as an excretory pathway and detoxifying
effect of many drugs, it is vulnerable to drugs, and 20% of
total acute renal failure cases are drug-related (Fanos and
Cataldi 2002). Kidney dysfunction, which is often
associated with drug use, can lead to accumulation and
clinical toxicity of antiepileptic drugs, prolonging the
elimination period (Asconapé 2014). The mechanisms of
kidney injury include a wide network of signaling pathways
driven by the interaction of ROS, apoptotic factors, and
inflammatory cytokines/chemokines (El Sabbahy and
Vaidya 2011). VA treatment induces the formation of ROS
(Tung and Winn 2011). Increasing levels of ROS which are
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also important secondary messengers in cellular signaling
lead to the oxidation of DNA, proteins, and lipids that cause
cellular damage in the kidney (Irazabal and Torres 2020).

Previous studies indicate that prototypical inflammatory
cytokines e.g. TNF-a, interleukin 1p (IL-1B), IL-6, and
prostaglandins (PGs), especially PGE 2, play an important
role among the diverse inflammatory mediators that lead to
epilepsy (Cole-Edwards and Bazan 2005; Vezzani et al.
2008). Cyclooxygenase (COX) is the main target of
nonsteroidal anti-inflammatory drugs (NSAIDs), of which
VA is one of them, and is a rate-limiting enzyme in PG
synthesis (Takemiya et al. 2007; Blumenfeld et al. 2012).
Neuroinflammation has a critical role in brain disorders, and
COX is one of the major drug targets for reducing
neuroinflammation (Dhir 2019). There are at least two COX
isoenzymes: COX-1 and COX-2. COX-1 is a builder and
produces PGs that protect the stomach and kidneys from
damage (Vane and Botting 1998). COX-1 maintains the
homeostatic functions of the body and is constitutively
expressed in a variety of cells and tissues such as
parenchymal cells of some organs, e.g. kidneys, endocrine
glands, and neurons observed in the neuroendocrine system,
and reproductive system (Zidar et al. 2009; Dhir 2019).
COX-2 produces PGs that contribute to pain and swelling
of inflammation (Vane and Botting 1998). In addition,
COX-2 is a subtype that is upregulated by stimuli such as
pain, inflammation, or cancer proliferation (Dhir 2019).
PGs produced by COX-1 are responsible for the regulation
of renal blood flow, mucous membrane protection, and
homeostasis, while COX-2 is responsible for high
prostanoid production at sites of disease and inflammation
(Oksuz et al. 2016).

Nephrotoxicity is associated with mortality and morbidity,
and the use of natural products has a very important place
in investigating drug-induced nephrotoxicity and
eliminating the side effects of the drug. Therefore, in this
study, thymoquinone (TQ), a natural antioxidant, was used
against nephrotoxicity caused by VA. TQ, as the most
abundant component of the essential oil of black cumin (N.
sativa) seeds, has properties such as antimicrobial, anti-
nociceptive, anti-epileptic, hypoglycemic, hypolipidemic,
and bronchodilator properties (Tavakkoli et al. 2017). TQ
exhibits a variety of pharmacological activities including
nephroprotection,  gastroprotection, anti-hepatocellular
carcinoma, cardioprotection, neuroprotection, anti-allergy,
retinal protection, bladder protection, reproductive system
protection, and respiratory protection (Talebi et al. 2021;
Tastemir Korkmaz et al. 2021).

In this study, we aimed to investigate whether the
antioxidant and anti-inflammatory features of TQ have
ameliorative effects against oxidative stress-induced
damage of VA in kidney cells.

2. Materials and Method
2.1. Study groups and experimental design

Twenty-one 3-4 month-old and 250-300 g weighted
Sprague Dawley albino male rats were obtained from Firat
University Experimental Research Center in Elazig/Turkey.
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They were kept in polycarbonate cages with free access to
food and water at 24°C, 42% = 5% relative humidity, and a
12/12 hour light/dark cycle. They were randomly separated
into 3 groups: Control (n=7), VA (n=7), and VA + TQ
(n=7). Nothing was applied to the rats in the control group.
The VA group received daily doses of VA (500 mg/kg) for
14 days whereas TQ (50 mg/kg) was given in addition to
VA (500 mg/kg) to the VA + TQ group for 14 days orally
(Atta et al. 2017; Barrett et al. 2017). When the study was
completed, all rats were sacrificed through -cervical
dislocation under anesthesia. Venous blood samples were
centrifuged at 5000 x g after collection and serums were
obtained for biochemical analysis. Besides, the kidneys
were  taken  for  genetic, histological, and
immunohistochemical analysis, and both the serums and
kidneys were stored at -80 °C until use. This study was
approved by Animal Experiments Local Ethics Committee
(Protocol no 2017/135).

2.2. Biochemical Analysis

2.2.1. Serum Levels of Creatinine (Cr) and Blood Urea
Nitrogen (BUN)

Serum Cr and BUN levels were measured to assess kKidney
function. For this purpose, Roche Diagnostics Kits
(Mannheim, Germany) and Hitachi automatic biochemical
analyzer 7060 c (Japan) were used according to the picric
acid method (Junge et al. 2004). Cr and BUN levels were
analyzed as mg/dL serum.

2.2.2. Serum levels of Total Antioxidant/Total Oxidant
Statuses (TAS/TOS) and Oxidative Stress Index (OSI)

Serum obtained with the automated colorimetric kit Erel
(REL Assay Diagnostics, Gaziantep, Turkey) was used to
determine the total antioxidant/total oxidant statuses
(TAS/TOS). The method applied by Bilgic et al. (2017) was
used to determine TAS and TOS levels. Oxidative stress
index (OSI) was calculated according to the formula OSI =
TOS/TAS (Gul et al. 2017).

2.3. COX1 and COX2 Gene Expression Analysis
2.3.1. RNA Extraction and cDNA Preparation

Fresh frozen rat kidneys were processed according to the
manufacturer's instructions under RNAse-free conditions
using total RNA extraction solution (Bioneer) for RNA
extraction and its purity was measured in a NanoDrop
spectrophotometer (Denovix DS-11) at 260/230 nm and
260/280 nm, and stored at -80 °C. For qRT-PCR, the first 5
ug of total RNA was reverse transcripted using RT PreMix
(Bioneer) using appropriate controls to ensure the absence
of genomic DNA contamination.

2.3.2. Quantitative Real-Time Polymerase Chain Reaction
(gRT-PCR) Assay

The GreenStar qRT-PCR PreMix (Bioneer) using the
ExiCyclerTM96 qRT- PCR system (Bioneer) was used for
detecting the expression levels of COX-1 and COX-2 genes.
The GAPDH gene was amplified as an internal control. The
primers used were taken from previous studies (Kis et al.
2003; Langnaese et al. 2008; Qiao et al. 2013). PCR
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conditions were 95 °C for 1 min, followed by 45 cycles at
95 °C for 5 sec, and 55 °C for 40 seconds. The 2"-2ACt
method was used to calculate the relative mRNA
expression.

2.4. Histopathological and Immunohistochemical

Analysis

All kidney tissues preserved in 10% neutral formaldehyde
were used for histological and immunohistochemical
studies. Binocular light microscopy (ECLIPSE Ni-U,
Nikon, Tokyo, Japan) was used to detect damage and
healing rate in kidney tissues. Approximately 4-5 um-thick
tissue was obtained from paraffin-wax embedded kidney
tissue with microtome stained with hematoxylin-eosin for
detecting structural changes (vascular congestion,
dilatation, and degeneration of proximal-distal tubules,
glomerular degeneration, tubular dilatation, hemorrhagic
areas, and mononuclear cell infiltration in the medulla) in
all groups. The results were evaluated according to the
scoring made by Abdel-Wahhab et al. (1999). The method
mentioned by Savran et al. (2020) was used for detecting
and scoring the activity of Caspase 3 (CAS-3) and NADPH
oxidase-4 (NOX-4).

2.5. Statistical Analysis

Statistical Package for the Social Sciences (SPSS) 25.0
Software program was used for all comparisons. All data
are presented as mean + SEM. The normality was identified
by the Shapiro-Wilk test. One-way ANOVA after LSD
posthoc was used for the comparison of parametric values
in genetic parameters. A semi-qualified evaluation of the
histopathological scores was evaluated with the Mann
Whitney U test to determine significant differences between
groups. A p-value less than 0.05 was considered statistically
significant.

3. Results
3.1. Serum Levels of Oxidative Stress Biomarkers

Cr and BUN levels are shown in Table 1. They were
increased in the VA group against the control and VA + TQ
groups and these increases were found statistically
significant (p < 0.05). Additionally, the levels of TOS and
OSI were increased significantly in the VA group when
compared with the control and VA + TQ groups (p < 0.05)
(Table 1).

It was observed that TAS levels increased with TQ applied
against VA, while TOS and OSlI levels decreased (p < 0.05).
TAS level was found to be significantly higher in the control
group compared to the VA group (p < 0.05). While TAS
level increased significantly in VA + TQ group compared
to VA (p < 0.05), TOS level increased in the VA group
when compared to the control and VA + TQ groups, and
these differences were found statistically significant (p <
0.05). OSI level was found higher in the VA group than
control and VA + TQ groups significantly (p < 0.05) (Table
1, Figure 1).
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Table 1 Serum biochemical and renal tissue oxidative stress
biomarkers of the experimental groups.

STUDY GROUPS

Control

VA

VA+TQ

BUN (mg/dL)

30.600 + 1.039°

56.00 + 5.263%¢

41.00 £ 4.313°

Cr (mg/dL) 0.530£0.018" 0.613+0.031%°  0.548+0.043°
TOS (umol/L)  3.42+0.62° 6.41 £ 0.422¢ 4.31+£0.56°
TAS (mmol/L) 1.45+0.15° 0.61 £0.05%¢ 1.15+0.28°
OSlI (AU) 0.25 £ 0.06" 1.13 £ 0.14%¢ 0.57 £0.23°

Each group represents the mean + SEM for seven rats. a: Significant from Control; b:
Significant from VA; c: Significant from VA + TQ. p < 0.05. Abbreviations: Cr, creatinine;
BUN, blood urea nitrogen; TAS, total antioxidant status; TOS, total oxidant status; OSI,
Oxidative stress index; VA: valproic acid; TQ: thymoquinone; VA: 500 mg/kg VA; VA +
TQ: 500 mg/kg VA +50 mg/kg TQ. AU: Arbitrary Units
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Fig. 1 Effects of VA, TQ, and their coadministration on the serum
level of TAS, total antioxidant status; TOS, total oxidant status;
OSI, Oxidative stress index in rats after two weeks. Values are
expressed as mean £ SEM of seven animals. ANOVA followed by
the LSD post hoc test were used. a p<0.05 versus control; b p<0.05
versus VA treated rats; ¢ p<0.05 versus VA + TQ treated rats.
Abbreviations: VA: valproic acid; TQ: thymoquinone; VA: 500
mg/kg VA; VA + TQ: 500 mg/kg VA + 50 mg/kg TQ. AU:
Acrbitrary Units.

3.2. COX1 and COX2 Gene Expression Levels

Table 2 shows the expression levels of COX-1 and COX-2
genes in control, VA, and VA + TQ groups. Statistically,
COX-1 expression levels were decreased in the VA group,
while COX-2 expression levels were increased (p < 0.05).
In the VA + TQ group, COX-1 expression levels increased,
while COX-2 expression levels decreased (p < 0.05).

3.3.  Histopathological
Findings

and Immunohistochemical

Table 3 shows the histopathological findings in the present
study. No other findings than normal histological structures
were found in the histological examination of the kidney
tissue sections of the control group (Table 3, Figure 2: a-b).
Significant structural changes including dilatation and
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degeneration in  proximal-distal tubules, vascular
congestion, hemorrhagic areas, glomerular degeneration,
tubular dilatation in the medulla, and mononuclear cell
infiltrations were observed in the VA group compared with
the control group (p < 0.05) (Table 3, Figure 2: c-c1-c2-c3).
An improvement in histopathological findings was
observed in the VA + TQ group compared to the VA group
(p < 0.05) (Table 3, Figure 2: d-e).

Table 2 Effects of VA and TQ on the expression of COX-1 and
COX-2 genes in rat kidneys

Expression value (Ct value; Mean + SEM)

Groups COX-1 COX-2

Control 35.10+ 1.05° 32.70 £0.77"
VA 30.57 +1.222¢ 39.07 £ 1.424¢
VA+TQ 3498 £ 1.64° 3457+1.51°

Each group represents the mean + SEM of seven rats. a: Significant from control; b:

Significant from VA; c: Significant from VA + TQ; p < 0.05

Table 3 Histopathological changes of renal samples in the
experiment groups

Experimental groups

Parameters/Score Control VA VA+TQ
Tubular dilatations - +++2 +4 0
in the medulla

Proximal - distal - +++2 44D
tubule dilatation

Proximal - distal - 4+ 2 +4+b
tubule degeneration

Glomerular - +4+ 2 445D
degeneration

Vascular congestion - +++2 +4 D
Interstitial - +4+ 2 445D
mononuclear cell

infiltration

Hemorrhagic area - 4+ 2 +4b

Scoring system is as described in the methods section. n = 7. Abbreviations: VA, Valproic
acid; TQ, thymoquinone. a: valproic acid increased renal damage, p < 0.05 vs. control. b:

thymoquinone reduced renal damage, p < 0.05 vs. VA.
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Fig. 2 Kidney tissue sections of the control and experimental
groups. a (cortex) and b (medulla); normal histological appearance
is observed in the kidney tissue sections of the control group. (a;
cortex; Bowman's capsule, distal, proximal tubules b; medulla;
collecting tubules are observed normally (H-E, x20). ¢ - c2
(cortex), c1 - ¢3 (medulla); kidney tissue sections belonging to the
group given VA: red arrows; mononuclear cell infiltrates, yellow
filled arrows; prochymal — distal tubule dilatations, black
arrowheads;  glomerular  degenerations, red arrowhead;
hemorrhagic area, black arrows; tubular dilatations in the medulla
(c- c2; H-E, x20, c1-c3; H-E, x40 ). d (cortex) and e (medulla);
Renal tissue sections of the group given VA + TQ: compared to
VA group, a significant improvement is observed in the cortex and
medulla (H-E, x20).

The immunochemical findings are shown in Table 4 and
Figures 3 - 4. In the immunohistochemical staining of
kidney tissue sections, a significant difference was found
between the control group and the VA and VA + TQ groups
(p < 0.05). In the kidney samples, CAS-3 immunoreactivity
was observed intensely in the VA group but not in the
control group. Interestingly, it was poorly observed in VA
+ TQ group (Table 4, Figure 3). At the same time, NOX-4
immunoreactivity was also observed similar to CAS-3
immunoreactivity results (Table 4, Figure 4).

Table 4 Immunreactivity grades of CAS-3 and NOX—4 in renal
tissues of experimental groups.

Target stained Experimental groups

immunohistochemically Control VA VA+TQ
CAS-3 — +++ 2 + Db
NOX—4 — +++ @ + Db

(n =7 for each group). Scoring system is described in the methods section shows the apoptotic renal
ratio. Abbreviations: VA, valproic acid; TQ, thymoquinone. a: valproic acid increased renal
damage, p < 0.05 vs. control. b: thymoquinone reduced renal damage, p < 0.05 vs. VA.
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Fig. 3 Kidney tissue section of the control and experimental groups
immunostaining with CAS-3. a (cortex) and b (medulla); Control
group Kkidney tissue sections were stained negative with CAS-3,
brown areas are not observed (immunostaining, x20). ¢ (cortex)
and d (medulla) VA group kidney tissue sections stained positively
with CAS-3, with no large amounts of brown areas observed
(immune staining, x40). VA + TQ group kidney tissue sections e
(cortex) and f (medulla) show less positive staining brown areas
with CAS-3 compared to VA group (immune staining, x20).

Fig. 4 Kidney tissue section of the control and experimental groups
immunostaining with NOX-4. Control kidney tissue sections a
(cortex) and b (medulla) stained negatively with NOX-4 and no
brown areas were observed (immune staining, x20). ¢ (cortex) and
d (medulla) VA group kidney tissue sections stained positively
with NOX-4, with no large amounts of brown areas observed
(immune staining, x40). VA + TQ group kidney tissue sections e
(cortex) and f (medulla) show less positive staining brown areas
with NOX-4 compared to VA group (immune staining, x20).
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4. Discussion

VA is a well-tolerated, effective antiepileptic drug that is
widely used as a mood stabilizer (Ornoy et al. 2020).
Previous studies have reported markers of tubular and renal
glomerular injury as a result of chronic use of some
antiepileptic drugs such as VA (Hamed 2017). In previous
studies, it was observed that kidney and liver functions were
impaired, thrombocytopenia and coagulopathy developed
after 3 months of VA treatment (Yaman et al. 2013). A
previous study has reported that exposure to various drugs
for therapeutic or diagnostic purposes causes damage and
clinical manifestations in renal tubules, interstitium,
glomerulus, and renal microvasculature (Malyszko et al.
2017).

In this study, BUN and Cr levels increased as a result of
kidney function loss. Makris and Spanou (2016) have
reported that acute kidney injury is characterized by
increased blood levels of BUN and Cr, as well as oliguria
and electrolyte disturbances. It was found that BUN and Cr
levels were significantly higher in VA-treated rats than in
the control group, indicating damage in the function and
structure of the kidneys. TQ used in this study is to reduce
the nephrotoxic effect of VA. It was found that VA + TQ
treatment significantly reduced BUN and Cr levels. TQ is a
well-known ROS scavenger and antioxidant (Karimi et al.
2019). The findings of this study demonstrate the protective
effects of TQ against VA-induced nephrotoxicity in rats.
Studies have reported that TQ reduces serum BUN and Cr
levels and protects kidney function (Badary et al. 2000;
Jalili et al. 2017).

In this study, TQ inhibited elevated TOS and OSI levels and
increased TAS, ameliorated impaired kidney function, and
reshaped histopathological changes in the kidney.
According to the study, TOS and OSI levels increased and
TAS levels decreased in VA-treated rats (Takeuchi et al.
2005). On the other hand, the results showed that TQ
protects against VA-induced kidney injury by suppressing
oxidative stress and apoptosis, as reported in previous
studies (Tekbas et al. 2018).

It has been reported that COX-2 expression is associated
with inflammation and cancer proliferation, while COX-1
plays a cleaning role in the homeostatic process (de Leval
et al. 2000). In this study, COX-1 expression levels
decreased in the VA group, while COX-2 expression levels
increased. COX-1 inhibition has positive effects on seizure
suppression, while COX-1 inhibition has been reported to
cause gastrointestinal toxicity (Wallace et al. 2000;
Barbalho et al. 2016). COX-2 is increased in PG production,
clinical inflammation, and some types of human cancer,
particularly colon cancer (Crofford 1997). In the study,
while COX-1 expression levels increased in the TQ group,
COX-2 expression levels decreased. COX-1 inhibition can
cause side effects such as kidney and liver failure (Dhir
2019). COX-2-induced inflammation contributes to
epileptogenesis and neuronal damage that develops after
brain injuries (Polascheck et al. 2010). Anti-inflammatory
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treatments such as selective COX-2 inhibitors can be used
as anti-epileptogenesis in brain injuries such as cerebral
ischemia, head injury, or status epilepticus (SE)
(Polascheck et al. 2010). In the study, it was reported that
the inhibition of COX-1 upregulated the expression of
COX-2.

When the histological results were evaluated, normal
kidney histology was observed in the control group. In the
VA group, important histopathological changes such as
tubular dilatations, proximal-distal tubule dilatation,
proximal-distal ~ tubule  degeneration, glomerular
degeneration, vascular occlusion, interstitial mononuclear
cell infiltration, and hemorrhagic area were observed in the
medulla. Histopathological changes were very few in the
group treated with VA + TQ. According to the histological
results, it can be said that TQ has a corrective effect on
kidney damage.

CAS-3 is a protease with a well-known role in apoptosis
(Shalini et al. 2015). CAS-3 is known to have a role in cell
growth and differentiation, cytokine maturation, and
apoptosis (Yan et al. 2013). Generation of ROS and
upregulation of CAS-3 lead to apoptosis (Rana 2008). CAS-
3 immunoreactivity, a marker of apoptosis, was not seen in
the control group, whereas immunostaining of CAS-3 was
strong in the VA group. CAS-3 immunoreactivity was
higher in the VA group than in the VA + TQ group. From
this point of view, it can be said that TQ reduces VA-
induced apoptosis. TQ was found to prevent programmed
cell death by inhibiting CAS-3.

NOX-4, the major isoform of NADPH in the kidney,
produces H;O, and contributes to redox processes by
activating multiple signaling pathways in kidney diseases
such as acute kidney injury, diabetic nephropathy, and
hypertensive nephropathy (Yang et al. 2018). Upregulation
of NOX-4, an important source of ROS, causes kidney
damage. In the present study, NOX-4 immunoreactivity was
not seen in the control group, but it was seen at high
intensity in the VA group. The immunoreactivity was
weaker in the VA + TQ group compared to the VA group.
TQ appears to prevent VA-induced nephrotoxicity with its
antioxidant properties. Previous studies have shown that TQ
protects by showing anti-inflammatory and antioxidant
properties in various Kidney diseases such as renal
ischemia-reperfusion,  diabetic ~ nephropathy,  and
nephrotoxicity caused by inflammation and oxidative stress
(Shaterzadeh-Yazdi et al. 2018; Erdemli and Yigitcan 2020;
Azirak et al. 2022).

5. Conclusion

This study demonstrated the beneficial effects of TQ against
VA-induced nephrotoxicity by reducing oxidative stress
due to its antioxidant, and anti-inflammatory effects.
However, more clinical studies are needed to confirm these
results.
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Ozet: Adana ili Saimbeyli ilgesi ve Osmaniye ili Yarpuz Yaylas1 Bezelik Daz’inda 2021 yili Nisan-Eyliil aylar1 arasinda yapilan arazi
g6zlem ¢aligmalarinda Isgin Zimriitii-Minik Ziamriit (Callophrys mystaphia) tespit edilmistir. Tiir, Adana ve Osmaniye illeri i¢in yeni
kayit niteligindedir. Tiiriin erkek bireyinin morfolojik tarifi ve bazi parametreleri dlciilerek ¢alismamizda verilmistir.

Anahtar Kelimeler: Callophrys mystaphia, Isgin Ziimriitii, Minik Ziimriit, Lycanidae, Lepidoptera.

The First Record of Callophrys mystaphia Miller, 1913 (Lepidoptera: Lycaenidae: Eumaeini) in
Adana and Osmaniye Provinces of Turkey

Abstrac: In the field observation studies carried out between April and September 2021 in Adana province Saimbeyli district and Osmaniye
province Yarpuz Plateau, Miller’s Green Hairstreak (Callophrys mystaphia) was detected. The species is a new record for Adana and
Osmaniye provinces. The morphological description of the male individual of the species and some parameters have been measured and

given in our study.

Keywords: Callophrys mystaphia, Miller’s Green Hairstreak, Lycanidae, Lepidoptera.

1. Giris

Tiirkiye’de  Callophrys Bilberg, 1820 (Lycaenidae:
Eumaeini) cinsi alt1 tiir ile temsil edilmektedir (Kogak ve
Kemal 2018). Bu tiirlerden biri olan Callophrys mystaphia
Isgin Zimriiti ya da Minik Ziimriit olarak bilinmektedir.
Tiir, Miller tarafindan 1913 yilinda ilk kez Tiirkiye nin
dogusunda, Ermenistan sinir1 yakinlarinda, Igdir ili, Aras
Nehri  Vadisinde  kaydedilmistir  (Krupitsky  ve
Kolesnichenko 2013). Diinya Dogay1 ve Dogal Kaynaklar
Koruma Birligi (International Union for Conservation of
Nature and Natural Resources, kisaca IUCN) tarafindan tiir,
Tehlikede (EN) ve  Endemige Yakin  olarak
degerlendirilmektedir (Karagetin ve Welch 2011). Kemal
(2008), Tiirkiye ve Iran’dan ¢ok az bilinen bu tiiriin Van
Goli Havzasinda yalmiz Erak Daginda bulundugunu ve
konukgu bitkisi olan Isgin (Rheum ribes) ile birlikte yok
olma tehlikesi ile karsi karsiya oldugunu bildirmektedir.
Tir, Tiirkiye’de Adiyaman, Hakkari, Kars,

© EJBCS. All rights reserved.

Kahramanmaras, Siirt, Tunceli ve Van illerinde
(Tshikolovets 2011; Kogak ve Kemal 2018), Giineybati
Iran’”da  Kuh-e Dinar’daki Dena Koruma Alaninda
yasamaktadir (Karagetin ve Welch 2011).

Minik Ziimriit besin bitkisinin varligiyla sinirl bir dagilisa
sahiptir. Kiiresel yasam alani yaklasik olarak 24 km?’dir.
Isgin Ziimriitli, may1s ve haziran aylarinda ucan, 2200-2800
metre yiikseklikte kaydedilmis, yilda tek nesil veren bir
tiirdtir. Larvanin beslendigi bitki Tiirkiye’de Isgin (Rheum
ribes) ve iran’da Rheum persicum’dur. Yumurtalar besin
bitkisine birakilmakta ve tirtillar laboratuvar ortaminda
yaklasik 25 giinde gelismektedir. Pupa evresi yaklasik 11
aydir (Karagetin ve Welch 2011).

Kiigiik, yerel ve izole dort ya da bes pargalanmis alt-
popiilasyon seklinde bulundugu bilinen bu tiiriin
muhtemelen Tirkiye’de yasayan en nadir tir oldugu
diistiniilmektedir ve tiiriin Tiirkiye’deki en biiyiik tehdidi,
saplart Van, Erzincan ve Agn illerindeki yerel pazarlarda
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sebze olarak satilan 1sgin bitkisinin toplanmasidir. Asiri
toplanma 15gin bitkisi popiilasyonunun ciddi oranda
azalmasimna neden olmaktadir. Buna bagh olarak da her
1sginin lizerindeki tirtillar popiilasyon disi kalacak ve
boylece de kelebek popiilasyonunda diisiisler olacaktir
(Karagetin ve Welch 2011).

2. Material ve Method

Calismamiz arazi ve laboratuvar caligmalar1 seklinde
yuritilmiistiir. Arazi calismalar1 Adana ili Saimbeyli ilgesi
ve Osmaniye ili Yarpuz Yaylasi Bezelek Daz’inda 2021 y1ili
Nisan-Eyliil aylari arasinda yapilmistir. Arazi ¢alismalari
gilindiiz saatlerinde 08 ile 18 saatleri arasinda goézlem ve
fotograf ¢ekme seklinde yapilmistir.  Laboratuvar
caligmalarinda ise miize materyali olarak araziden alinan
kelebek ornekleri degerlendirilmistir. Atay (2006)’1n
calismasina gore miize materyali haline getirilen kelebek
ornekleri Hatay Mustafa Kemal Universitesi Biyoloji
Boliimii Zooloji Laboratuvarinda saklanmaktadir.

3. Bulgular ve Tartisma

Genus:  Callophrys 1820

Lycaenidae: Eumaeini)

Bilberg, (Lepidoptera:

Callophrys mystaphia Miller, 1913

Kanat agikligi, 28-31 mm; 6n kanat uzunlugu 12 mm, arka
kanat uzunlugu 10 mm’dir. Anten topuzu siyah, topuz ucu
sar1 renkte pullarla kaplidir. Bas tepesi sari, gbz gevresi,
yanaklar ve labial palpus yesil pulludur. Erkek ve disilerde
on ve arka kanat renklenmesi benzerdir. On ve arka kanat
iizeri tamamen kahverengidir, kanat altlar1 ise tamamen
ziimriit yesilidir. Kanat sagaklar1 ince ve sarimsidir. On ve
araka kanat altlarinda kiiclik beyaz lekelerden olusan bir
orta dig bandi benek dizisi vardir, bu bandi1 olusturan lekeler
on kanat altinda yuvarlak ve ¢ok kiigiiktiir, ancak bu benek
dizisi lekeleri eksiktir. Arka kanat anal ag1 bolgesinde disa
dogru bir lop seklinde ¢ikinti yoktur, bu bolge az ¢ok
yuvarlaklagmigtir (Resim 1).

Kogak (2018)’in bildirdigine gore Tirkiye’nin kelebek
gesitliligi alt1 familyada 412, Osmaniye 89 ve Adana 185
tirdiir (Tablo 1). Minik Ziimriit (Callophrys mystaphia)
Osmaniye ve Adana illeri i¢in yeni kayit niteligindedir. Bu
tir ile birlikte Osmaniye 90 ve Adana ise 186 kelebek
tiiriine ev sahipligi yapmaktadir.
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Resim 1. Isgin Ziimriiti-Minik Ziimriit (Callophrys mystaphia)
Tablo 1. Osmaniye, Adana ve Tiirkiye nin kelebek ¢esitliligi.

Osmaniye Adana Turkey
Familia Species  Species Species
Hesperiidae 6 24 43
Lycaenidae 29 71 180
Nymphalidae 16 24 57
Satyridae 20 32 81
Papilionidae 4 8 13
Pieridae 14 26 38
Total 89 185 412
4. Sonug

Minik Ziimriit (Callophrys mystaphia) Osmaniye ve Adana
illeri igin yeni kayit niteligindedir. Bu tiir ile birlikte
Osmaniye 90 ve Adana ise 186 kelebek tiiriine ev sahipligi
yapmaktadir. Tiirin neslinin devamlilig1 icin {izerinde
larvanin beslendigi Isgin bitkisinin asir1 toplatilmamasi
sarttir. Ayrica tiirlin lizerinde beslendigi konuk¢u bitkinin
bulundugu arazilerde hayvan otlatilmasinin azaltilmasi
gerekmektedir. Tirlin yasadigi alanlarda yeni yollarin
acilmasi ve erozyona neden olacak bitki kayiplar1 yasam
alani kaybina ve tiim bunlarm sonucunda Isgin Ziimriitiiniin
yasam alani kalitesini etkileyecektir. Tiirtin neslinin
devamliligi igin alan korunmasin yapilmas: zorunludur.
Kelebekleri zirveye yakin Isgin (Rheum ribes) bitkisinin
bulundugu alanlarda gérmek miimkiindiir (Resimler 2, 3).
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Resim 1. Isln ﬁrutu-Minik Zﬁt’ﬁnLarvalarlmn Beslendigi
Isgin Bitkisi (Rheum ribes).

Resim 3. Isgmn Ziimriiti-Minik Zimrit (C. mystaphia) Yasam
Alan (Osmaniye Yarpuz Yaylas: Bezelek Dazi, 1250-1750
m).
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Abstract: In this study, it was aimed to compare the antioxidant properties of the extracts obtained from the extraction of olive
leaves in Hatay province prepared with different solvents. For this purpose, olive leaves were extracted using pure methyl alcohol
with soxhlet and also by maceration using 60% ethanol, 70% methanol, 90% acetone (v/v) and distilled water. Total Flavonoid
Content (TFC), Total Phenolic Content (TPC), Ferric Antioxidant Reducing Power (FRAP), DPPH radical scavenging avctivity,
ABTS Cation Radical Scavenging activity and total sulfydryl groups by Ellman methods were used to determine the antioxidant
properties of the extracts. As a result of the study, the highest TFC values per g leaf and g extract were obtained for 70%
methanol maceration and soxhlet-methanol extract, respectively, while the highest TPC observed per leaf and g extract were
determined in the extracts obtained with 90% acetone. In the FRAP method, the extract obtained with 60% Ethanol showed the
highest activity per g leaf and g extract. Extracts obtained with Soxhlet showed the highest activity for both ABTS activity and
Ellman method. In the DPPH method, the lowest EC50 value was determined in the extract obtained using 70% methanol, and it
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was determined that the extracts obtained with water showed the lowest performance in all antioxidant activity methods.

Keywords: Olive leaves, Extraction, Antioxidant activity, Soxhlet, Maceration

1. Introduction

It is stated that there are an estimated 500 million olive
trees in the world and 90% of them are located in the
Mediterranean. It has been reported that there are more
than 13 million fruit bearing and approximately 3 million
non-fruiting olive trees throughout the province of Hatay
(2020-2021 Yield report).

Olive leaf extract is obtained from olive tree leaves by
physical and chemical methods. In recent clinical studies,
It has been shown that the olive leaf extract is effective in
many conditions such as viral, bacterial and fungal
infections, HIV-AIDS, chronic fatigue, hepatitis B,
pneumonia, tuberculosis, influenza, common cold,
meningitis, shingles, Epstein-barr virus, encephalitis,
gonorrhea, severe diarrhea, ear, tooth, urinary tract and
surgical infections (Page 2002). It has been reported that
the olive leaf has been used in the treatment of malaria and
febrile diseases for many years, and the oleuropein in the
leaf is an antioxidant and has an antimicrobial effect
against viruses, bacteria, molds, fungi and parasites
(Benavente-Garcia et al. 2000). At the same time, it has
been reported that olive leaves, which have biological
value, are a natural, safe and inexpensive alternative

© EJBCS. All rights reserved.

antioxidant source and even have the feature of extending
the shelf life in foods due to their antimicrobial effects and
inhibition of lipid oxidation (Jemai et al. 2009; Boudhrioua
et al. 2009; Bouaziz et al. 2010). Utilizing the phenolic
compounds found in olive leaves at the highest level can
only be achieved by maintaining an effective extraction
and solubility properties (Mourtzinos et al. 2007).

Atoms or molecules with one or more unpaired electrons
are called free radicals. Such substances are highly reactive
because they have unpaired electrons. Free radicals which
play an important role in biological systems gain or lose
electrons through any interaction. Therefore, they can be
positive, negative or neutral (Goneng et al. 2002).
Antioxidants are substances that significantly inhibit or
delay oxidation when present in food or in low
concentrations in the body (Aeschbach et al. 1995). Food
manufacturers use synthetic food preservative antioxidants
to prevent food spoilage and preserve the nutritional value
of food. Antioxidants are of interest to biochemists and
health professionals because they protect the body against
damage caused by reactive oxygen species and
degenerative diseases.
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The market for medicinal and aromatic plants is estimated
to be approximately US$14 billion per year and will reach
more than US$5 trillion by 2050. About 3000 medicinal
and aromatic plant species are traded worldwide, 2000 of
which belong to European countries such as Switzerland,
Germany and France (Thakur and Kumar, 2021). while
India has an important position with 7000 medicinal and
aromatic plant species (Prasathkumar et al. 2021). Olive
leaves show antioxidant properties due to the functional
bioactive compounds in their structure. Thanks to this
feature, it has been reported that olive leaf extracts can be
used to extend the quality and shelf life of foods (Erbay
and Icier 2010; Abaza et al. 2011).

Although few literatures have been reported to reveal the
different biological effects of olives regarding its anti-
inflammatory, anti-allergic, antibacterial, antimycotic,
immunoregulatory, antidiabetic and hypolipemic (Omar
2010) effects; studies of in vivo or in vitro effects of olive
leaves that remain after the olive harvest and destroyed by
burning are unsufficient. In addition, variables such as the
method used in the extraction process, shredding, drying,
temperature and organic solvent type also change the
amount of antioxidant substances (Tsimidou and Papoti
2010).

Antioxidants are molecules that prevent or slow down the
oxidation of biological macromolecules in living things.
The role of antioxidants is to neutralize oxidative
molecules via hydrogen atom or electron transfer.
Therefore, antioxidants are generally substances with
reducing, radical scavenging, oxidizing properties such as
polyphenols or thiols (Adwas et al. 2019). To determine
antioxidant power, besides determining the amount of
phenolic, flavonoid and thiol substances, which are
important in showing effectiveness as an antioxidant
system, it is also essential to analyze their activities such
as radical scavenging, radical quenching and reduction.
The antioxidant activity properties of the olive leaves have
become one of the remarkable issues. Studies in this regard
have gained momentum recently. The antioxidant
properties of olive leaves extracts varies according to the
type of olive, the agricultural process applied, the region
where it is grown and the harvest time as well as the
extraction method and the type of solvent used.
Antioxidant activity determination methods are important
in terms of getting an idea for this purpose. Relative
antioxidant capacity is an important antioxidant activity
determination method for comparing the antioxidant
capacity of different foods, food components measured by
two or more chemical analyzes (Amensour et.al. 2010).

The TEAC analysis uses ABTS' heavily colored cation
radicals to test the antioxidants' ability to quench radicals.
TEAC analysis is widely used for testing antioxidant
capacity in food samples (Re et al.1999). With the ABTS
method, a large number of samples can be scanned in a
short time.

The ferric reducing antioxidant power (FRAP) assay is a
typical electron transfer-based method that measures the
reduction of ferric ion (Fe®)-ligand complex to the

89

Eurasian J Bio Chem Sci, 5(2):88-94, 2022

intensely  blue-colored ferrous (Fe?*) complex by
antioxidants in an acidic medium (Kumar S. 2018).

DPPH  (2,2-diphenyl-1-picryl-hydrazyl-hydrate)  free
radical method is an antioxidant assay based on electron-
transfer that produces a violet solution in ethanol. The
biggest advantage of reagent interact with all substances in
the mixture, including the weakest antioxidants, and it can
react with lipophilic as well as hydrophilic antioxidants.
Therefore, it is an easy, reliable and fast method (Kedare
and Singh 2011).

In this study, it was aimed to compare the effects of
solvents used during extraction on antioxidant activity in
olive leaf extracts. For this, five different methods which
were reported in the literature were selected and leaf
extraction was carried out by applying the soxlet or
maceration, and then the total flavonoid content (TFC),
total phenolic content (TPC) of these extracts and
antioxidant activities were determined by FRAP, DPPH,
ABTS, Ellman methods.

2. Materials and Method

Ethanol, methanol, acetone, sodium carbonate, aluminum
chloride, Ks[Fe(CN)s] were obtained from Merck; 2,
2’-azino-bis  (3-ethylbenzothiazoline-6-sulfonic  acid
(ABTS), Folin — Ciocalteu’s reagent, 2,2-diphenyl-1-
picrylhydrazyl (DPPH), trolox were purchased from
Sigma. All other chemicals used are analytical grade.
Spectrophotometric measurements were performed with a
Perkin Elmer UV-Visible Lambda spectrophotometer.

2.1. Leaves sampling and extraction

The olive leaves were collected from the land in Altinozi
district of Hatay (36°08'62"N and 36°30'17"E) (Fig. 1).

SURIYE

Fig. 1 Sampling area

The leaves were collected in November of 2021, and on
the same day they were sorted and washed with water and
then cleaned with pure water. The filtered leaves were
dried at room temperature for 7 days and then ground. In
the extraction step, 60 ml of solvent per 1 gram was used
for all methods. For the extraction processes, 5 methods
were selected, one of which is soxlet and the other four are
maceration. For Soxhlet, methanol was used as a solvent,
and for maceration, 90% acetone, 60% ethanol, 70%
methanol and pure water were used as solvents.
Maceration was carried out in a shaker incubator at 40 °C
for 4 hours; In the soxhalet extraction, 3 siphons were
made. After extraction, the extracts were filtered and
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stored at +4°C until use.Extraction procedure is given in
Fig.2.

Fig. 2 Extraction of the olive lea

2.2. Antioxidant activities

Extracts were used after 4 fold dilution for TFC, TPC and
FRAP assay while 60 fold diluted extracts were used for
ABTS, DPPH and Ellman assays. Experimental studies
were carried out in 5 parallels.

2.2.1. Total flavonoid content (TFC)

The flavonoid content (TFC) was determined by the
aluminum chloride method using quercetin as the
reference compound (Kumaran and Karunakaran 2006).
After the extracts obtained, 0.5 ml was taken and after
adding 2 ml of water and 150 ul of 5% NaNO, aqueous
solution, respectively, it was waited for 5 minutes. Then,
150 pl of 10% AICls aqueous solution was added and
waited for 1 min. Finally, after the addition of 1 ml of 1 M
NaOH, the absorbance was read at 510 nm. The TFC value
of the extracts was calculated as mg quercetin per gram
leaf or per gram extract.

2.2.2. Total phenolic content (TPC)

The total phenolic content of the olive leaf extract was
determined by the Folin Ciocalteau method (Gutfinger
1981) according to the gallic acid standard. 2.5 ml of water
and 0.25 ml of Folin reagent were added to 0.5 ml of the
extracts, and 750 ul of 20% Na,COs; was added 5 minutes
later. After 2 hours in dark, absorbances were read at 750
nm and TPC values were calculated as mg gallic acid
equivalent per gram leaf or g extract.

2.2.3. Ferric reducing antioxidant power-FRAP assay

In this method, Fe(CN)¢* is reduced and the formed
Fe(CN)e* reacts with Fe*® to form the Fe[Fe(CN)e]
complex, which gives maximum absorption at 700 nm
(Hue et al. 2012 ). As a result of the reaction, a dark blue
complex is formed, and the higher the absorbance of the
complex, the higher the reducing power. 0.4 ml of 0.2 M
phosphate buffer at pH 6.6, 0.4 ml of 1% of KsFe(CN)s
were added to 1 ml of extract, respectively, and it was kept
at 50 °C for 20 minutes, 1 ml of TCA was added and
centrifuged for 10 minutes. 1.5 ml of supernatant was
taken from the supernatant and 1.5 ml of distilled water
and 0.3 ml of FeCl; were added to it, 10 minutes after the
absorbance was read at 593 nm. Trolox was used as a
standard and results were calculated as mg trolox
equivalent reducing power per g leaf and gram extract.
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2.2.4. Trolox equivalent antioxidant capacity (TEAC)-
ABTS assay

This method is based on the scavenging of ABTS radical
cation by antioxidants. ABTS radical is formed by mixing
7 mM ABTS and 2.45 mM K;S;0s in a 2:1 ratio and
keeping it in the dark for 16 hours. The prepared radical is
diluted with ethanol until its absorbance is fixed at 0.7 at
734 nm. Then, after adding 3 ml of the radical ready to use
in the experiment to the test tubes, 5 minutes after adding
100 ul of the extracts, the absorbance (A) was read at 734
nm. Inhibition percentage was calculated using Eq.1

Inhibition % = [(Ao-A)/A0].100 Eq.1

TEAC was calculated as mg trolox equivalent per gram of
leaf or gram of extract.

2.2.5. DPPH assay

This method is based on measuring the scavenging effects
of antioxidants with a stable free radical, 1,1-diphenyl-2-
picrylhydrazine (DPPH) (Molyneux 2004). DPPH radical
scavenging capacity analysis methods are a frequently
used method to measure the antioxidant capacity of natural
extracts (Mot et al. 2011). The purple colored DPPH
radical solution gives maximum absorption at 517 nm. In
this method, which is based on radical reduction by adding
antioxidant to ethanol or methanolic DPPH solution, a
decrease in absorbance is observed at 517 nm. In the
method, after adding 2 ml of DPPH solution to each of the
test tubes, 5 different concentrations of the extract were
added and incubated at room temperature for 30 minutes.
At the end of the period, absorbance was read at 517 nm.
Extract concentrations versus % inhibition values were
plotted and the concentration (EC50) values corresponding
to 50% inhibition were calculated and compared with the
standard antioxidants BHA and BHT.

2.2.6. Determination of total sulfhydryl groups by Eliman
assay

In this method, thiol groups, which have antioxidant
properties, interact with DTNB (5,5'-dithio-bis(2-
nitrobenzoic acid)), also known as Ellman's reagent, and
an equivalent amount of 5-thio-2-nitrobenzoic acid is
formed. The absorbance of the yellow product formed is
measured at 412 nm and the results are evaluated by using
the standard curve drawn for cysteine (Hansen et al. 2007).

Ellman's reagent was prepared as 0.1M DTNB in 0.1 M
pH 8 phosphate buffer containing 1 mM EDTA. After
adding 250 microliters of extract to 2.5 ml of the reagent,
it was kept at room temperature and in the dark for 15
minutes, then the absorbance was read at 412 nm. Results
were calculated as mg cysteine equivalents per gram leaf
or gram extract.

3. Results and Discussion

Extracts obtained with soxleth-methanol, 90% acetone,
70% methanol, 60% ethanol and distilled water were dried
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by lyophilization and 0.196, 0.194, 0.151, 0.176 and 0.275
g of extract were obtained per gram leaf, respectively.

3.1. Total flavonoid contents (TFC) of olive leaf extracts

TFC of the extracts obtained as a result of the applied
extraction methods is given in Fig. 3 in terms of mg
quercetin per gram leaf and gram extract (mg QE/qg).
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Fig.3 TFC values per gram leaf (A) and gram extracts as
mg quercetin equvialent

As seen in Figure 3, the highest TFC value per g leaf was
70% methanol as 69.44 mg quercetin; 360.21 mg of
quercetin per g extract was obtained in soxhlet-methanol
extraction. The TFC values of the extracts made with
water were the lowest both per g leaf and g extract.

In order to determine the effect of age (Cetinkaya et al.
2016). periodically investigated the TFC values in the
leaves of the 9 and 65 years old trees of Kilis Yaghk
cultivar. The highest and lowest TFC values were
determined as 87.24 mg QE/g in August and 65.42 mg
QE/g in October, respectively, in old tree leaves. However,
in young tree leaves, the highest and lowest values were
determined as 84.27 mg QE/g in April and 61.05 mg QE/g
in October, respectively (Khizrieva et al. 2021) obtained
olive leaf extract by water-alcohol and also by subcritical
water at 120, 180 and 220 °C; and they reported TFC
values as 33.0, 25.4, 29.7 and 65.2 mg rutin equvalient/g,
respectively.
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3.2. Total phenolic contents (TPC) of olive leaf extacts

The TPC values of the extracts obtained in the study were
determined by the Folin method and calculated as mg
gallic acid equivalent (mg GAE) per gram leaf and gram
extract, and the results were presented in Fig. 4.

As seen in Fig. 4, the highest TPC values per g leaf and g
extract were determined as 25.58 mg GAE in 90% acetone
and as 128.86 mg GAE in Soxhlet-methanol extracts,
respectively. It was determined that the lowest TPC values
was the extract obtained by using water 11.31 mg GAE/g
leaf and 38.47 mg GAE/g extract.
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Fig. 4 TPC values per gram of leaf (A) and per gram of extracts
(B) as Gallic acid equivalent (GAE) amount

(Abaza et al. 2011) used 80% methanol, 70% ethanol, 80%
acetone and deionized water as solvents to investigate the
effect of solvent type on the phenolic substance and
antioxidant activity values of Chetoui olive leaf extracts.
According to the results obtained, they reported that the
highest value of the total amount of phenolic substance in
the extract prepared using 80% acetone was 24.09 + 0.73
mg GAE /g dry matter and ( Khizrieva et al. 2021).
Obtained olive leaf extract by water-alcohol and also by
subcritical water at 120, 180 and 220 °C; and they reported
TPC values as 42.6, 32.7, 41.8 and 70.4 mg GAE/g,
respectively.
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3.3. Ferric reducing antioxidant power (FRAP) of olive
leaf extracts

FRAP values of leaf extracts were given in Fig. 5. as mg
trolox equvialent (TE). As can be seen in Fig. 5(A), the
FRAP values calculated per gram leaf were the smallest in
water extract (11.31 mg TE), while they were quite close
to each other, approximately 25 mg TE in those of other
methods. When the FRAP values per gram extract given in
Fig. 5(B) were examined, it was observed that the highest
reducing power belonged to methanol-soxlet extract
(128.86) and the lowest reducing power belonged to water
extract (38.47 mg TE) (Cho et al. 2020). investigated the
effect of TPC, antioxidant and antimicrobial activity by
extracting olive leaves with ethanol, methanol, 50%, 70%
and 90% (v/v) aqueous solutions of acetone, as well as
deionized water.
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Fig. 5 FRAP values per gram of leaf (A) and per gram of extracts
(B) as trolox equivalent amount

As a result of the study, when the extracts were analyzed
by HPLC for oleuropein, hydroxytyrosol and tyrosol
contents, they reported that the highest extraction
efficiency was obtained as 20.41% when using 90%
methanol solution. The highest TPC values were obtained
as 232 and 231 mg GAE/100 g for 90% methanol and 90%
ethanol, respectively. Also, They determined that the
highest values in DPPH, FRAP and Fe?*-chelating activity
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and antioxidant activity were obtained when 90%
methanol was used.

3.4. Trolox equivalent antioxidant capacity (TEAC)-
ABTS of olive leaf extracts

In this method, the effect of quenching ABTS cation
radical of the extracts was investigated, using trolox as a
standard and the results were given as trolox equivalent
(TEAC) (Fig.6).

As seen in Figures 6(A) and 6(B), the highest activity per g
leaf and g extract was 18.82 TEAC mg/g leaf and 60.01
TEAC mg/g extract value in the extract obtained from
methanol-soxhlet extraction, whereas the lowest activity
was 3.34 TEAC mg/g leaf and 10.31 TEAC mg/g extract
and the extract obtained by using water. Sevim and Tuncay
(2012) determined the ABTS antioxidant activity in
Ayvalik and Memecik olive leaves as 825.38-1056.16
umol TE/100 g (Martin-Garcia et al. 2022). investigated
ABTS scavenging activity and reported between 26.92 and
35.7 mg TE/g extract in 7 different olive leaf extracts
cultivated in Spain.
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Fig. 6 ABTS scavenging activities per gram of leaf (A) and per
gram of extracts (B) as trolox equivalent amount
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3.5.DPPH radical scavenging activities of olive leaf
extracts

The DPPH radical scavenging activities of the leaf extracts
obtained per gram of leaf and gram of extract as ECs are
given in Table 1. The results are compared with BHA and
BHT. As seen in Table 1, Soxhlet-Methanol extract
showed incredibly higher DPPH scavenging activity. In
particular, the activity per gram extract was quite close to
the BHA standard in soxlet-methanol extraction; and also ,
in 70% methanol and water extracts, DPPH scavenging
activity as high as BHT was observed.

Table 1 ECso values of extracts and BHA and BHT
standards obained by DPPH assay

ECso (ng /ml)
leaf Extract
Sox.MeOH 10.34+7.49 2.03+1.47
% 90 Acetone  200.00+0.00 38.80+0.00
% 70 MeOH 150.17+0.29 22.67+0.04
% 60 EtOH 177.27£14.29 31.20+£2.52
D.Water 275.90+15.38 20.87+4.23
BHA 1.00+0.35
BHT 22.924+2.89

Martin-Garcia et al. (2022) determined DPPH scavenging
activity ranging from 33.03 to 46.8 mg TE/g extract in 7
different olive leaf extracts collected in Spain.

3.6. Total sulfhydryl groups of olive leaf extracts by
Ellman assay

In this method, total free sulfhydryl groups were
determined spectrophotometrically by the Ellman method
and the results were calculated as mg cysteine equivalents.
The variation of the amounts of free sulfhydryl groups per
gram leaf and gram extract is given in Figure 6. As seen in
Figure 6(A), the highest values per gram leaf and gram
extract were observed as 3.26 mg CysE/g leaf and 10.06
mg CyS E/g extract, respectively, in the samples obtained
with soxlet-methanol. It was also observed that the results
obtained with other methods are close to each other.
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Considering that the antioxidant activity of the soxlet-
methanol extract is higher than the other methods, it may
be associated with the high free thiol groups in this extract.

4. Conclusion

Olive leaf extract amounts and antioxidant activities are
affected by the method and solvent used. TFC value,
ABTS radical scavenging activity and total amount of
sulfhydryl groups were found to be higher than the extracts
obtained by other methods, especially in the extracts
obtained by Soxlet-methanol extraction. According to the
FRAP method, the extract prepared with 60% ethanol
showed the highest reducing power based antioxidant
activity. It has been revealed that deionized water is not
suitable for obtaining an extract with high antioxidant
activity.
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Abstract: Investigation various nitrogen sources effects on the production of invertase by Aspergillus niger was researched in this
study. Invertase is a precious enzyme used in many industries like food, pharmacy, confectionery, invert syrup production. Taguchi
design of experiment (DOE) was preferred to optimize the cultivation conditions. L16 (4%) orthogonal array was selected in the
current study including nitrogen source, initial pH of the medium and incubation time at four levels for statistical optimization.
The data showed that optimized version of invertase production was achieved using proteose peptone, 5.5 initial pH and 3 days for
incubation time. Bacto peptone had higher enzyme activity than casein and yeast extract. pH of the medium was found as the most
efficient factor among nitrogen source and incubation time. Besides, percentage contribution of the nitrogen source and incubation
time were indicated at similar rates (9 and 10%, respectively). The highest enzyme activity was defined as 45.87 U/ml, which was
found to be closer to the predicted result (46.33 U/ml). As a conclusion, proteose peptone increased the invertase activity and use

of Taguchi DOE supported quick and effective optimization.

Keywords: Invertase, Aspergillus niger, optimization, Taguchi DOE

1. Introduction

Invertase (EC 3.2.1.26, B-fructofuranosidase) is a valuable
enzyme used in various industries that acts on the
hydrolysation of sucrose and related glycosides into
reducing sugars (fructose and glucose) at equal
concentration. This mixture is named “invert sugar”
(Kotwal and Shankar 2009; Nadeem et al. 2015; Tasar
2017). Invert sugar has higher sweetener capacity and has
been widely used in many industries such as beverage,
confectionary, soft-centered candy production, non-
crystallizing creams (Canli et al. 2011; Kotwal and Shankar
2009; Taskin et al. 2013). Invertase enzyme is also used for
the production of invert sugar for honeybees (Das et al.
2016; Shafiq et al. 2001).

Invertase is produced by Saccharomyces cerevisiae or S.
carlbergensis commercially (Aranda et al. 2006).
Furthermore, filamentous fungi and bacteria have been
studied for invertase production (Rubio and Navarro 2006).
This enzyme is inducible in filamentous fungi, however, it
is structurally synthesized by the yeasts (Rubio et al. 2002).
Aspergillus niger has been extensively used in
biotechnological applications.  A. niger has GRAS
(Generally Regarded As Safe) status that was approved by

© EJBCS. All rights reserved.

US Food and Drug Administration (FDA) (Abarca et al.
2004). A. niger has license to produce 19 different food
enzymes. This microorganism is also preferred as an
efficient and excellent producer of many valuable products
either in submerged or in solid state fermentation (L.i et al.
2020).

Optimization of the process parameters is one of the main
parts of microbial fermentation. The target product is
affected from the composition of the medium. Besides,
different carbon and nitrogen sources, mineral salts and
other medium components strongly affect the production of
the desired product. Classical and statistical optimization
tools are preferred due to enhance the product yield. Both
of these two optimization techniques have positive and
negative aspects (Abdel-Rahman et al. 2020; Tasar 2022).
Classical one variable at a time method is a simple and basic
technique for optimization; on the other hand, it needs more
time and labour when compared with the statistical
optimization tools. The statistical optimization tools allow
quick screening and effective production of the desired
product (Farid et al. 2013; Tasar 2020). Taguchi design of
experiment (DOE) presents a robustness optimization with
less time and labour (Rao et al. 2008).
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The purpose of the current study was to find out the effects
of different nitrogen sources on the production of invertase
enzyme by A. niger OZ-3 using Taguchi DOE
methodology. Medium composition and fermentation
conditions alter the yield of enzyme; hence the optimization
of the medium ingredients and some environmental
conditions were studied.

2. Materials and Method

All the reagents were purchased from Sigma Chemical Co.
(USA).

2.1. Microorganism and medium

The microorganism A. niger OZ-3 (GenBank accession
number JX110160) was isolated and determined before
(Taskin et al., 2013). The fungus was grown in potato
dextrose agar (PDA) slants at 4°C and subcultured monthly.
The minimal medium composition was designated as
following (g/1): 20 sucrose, 1 KH2PQOs, 3 nitrogen sources.
100 ml of basal medium was placed to each 250-ml flasks
and incubated at 200 rpm and 30 °C for all runs. The pH was
adjusted to the desired value using 1 N NaOH or 1 N HCI
and the flasks were sterilized in autoclave at 121 °C for 20
min.

2.2. Enzyme assay

Extracellular invertase activity was measured in culture
filtrate using a previous method that was described by Ge
and Zhang (Ge & Zhang, 2005) with a few modification.
The culture filtrate was used for enzyme source due to
measure the reducing sugar released from sucrose. 100 pl of
enzyme source was placed to the test tubes and 900 pl of 0.1
M sodium acetate buffer (pH 5.5) containing 2% of sucrose
(w/v) was added. The glass test tubes were incubated at 55
°C for 15 min. After this step, the reducing sugar was
measured using the DNS method (Miller, 1959). The
preparation of DNS reagent was reported in detail before
(Canli etal., 2011). 1 ml of DNS reagent was added in each
test tubes and they were allowed to incubate in boiling water
(90 °C) for 15 min and the total volume of the tubes were
raised to 15 ml with distilled water. The reducing sugar
released from sucrose was determined at 550 nm
absorbance. For the control, a blank was prepared using
distilled water instead of enzyme source. One invertase unit
was determined as the enzyme catalysing the release of 1
umol reducing sugar from sucrose per min.

2.3. Taguchi DOE and ANOVA test

Taguchi DOE methodology was preferred in the current
study for its advantages on optimization. For this purpose,
nitrogen source, pH of the medium and incubation time
factors were selected at four levels using Taguchi L16 (4%)
orthogonal array (Table 1).
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Table 1. Optimization factors and preferred levels.

Levels Factors
Nitrogen sources pH Time (h)
1 Bacto peptone 4.0 24
2 Casein peptone 45 48
3 Proteose peptone 5.0 72
4 Yeast extract 5.5 96

Taguchi DOE benefits the signal/noise (S/N) ratio to
interpret the situation of the target value with three different
characteristics following, the larger-the better, the nominal-
the better and the smaller-the better (Tan et al. 2005). It was
aimed to optimize and enhance the enzyme activity in the
current study, hence, the larger-the better criterion was
preferred using the following equation:

SIN=-10 logwo (I/n ¥, 1/Yi?) .

The n symbol is for the definition of the number of
repetitions for the setup conditions, Yi defines the situation
of the ith experiment (Jean and Tzeng 2003). Analysis of
variance (ANOVA) test was calculated to perform the
quality characteristics which were derived from the
selected factors. Minitab® 19.0 version Statistical Software
was used for both Taguchi methodology and ANOVA test.

3. Results
3.1. Taguchi DOE L16 orthogonal array results

Taguchi L16 (4°) orthogonal array showed that the selected
factors caused variation on the enzyme activity. Effects of
nitrogen sources, initial pH of the medium and incubation
time were defined. The data illustrated that invertase
activity was highly reliant with the selected factors (Table
2). The maximum enzyme activity was existed from the 4t
experimental set while the minimum activity was
determined from the 13 run.

Table 2. Taguchi L16 orthogonal array and invertase

activity

Exp. Factors Results
No.  Nitrogen source pH Time (d) Invertase (U/ml)
1 Bactopeptone, 4.0 1 23,67
2 Bactopeptone 4.5 2 28,79
3 Bactopeptone 5.0 3 31,65
4 Bactopeptone 5.5 4 43,37
5 Casein 4.0 2 26,22
6 Casein 45 1 21,45
7 Casein 5.0 4 33,57
8 Casein 5.5 3 38,95
9 Proteose peptone 4.0 3 29,33
10 Proteose peptone 4.5 4 33,11
11 Proteose peptone 5.0 1 34,21
12 Proteose peptone 5.5 2 38,36
13 Yeast extract 4.0 4 21,37
14 Yeast extract 45 3 31,85
15 Yeast extract 5.0 2 29,67
16 Yeast extract 5.5 1 33,53
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Table 3 illustrated the response table for means that
indicates the individual effects of the factors. Delta value
demonstrates the alteration of the highest and the lowest
results for each factor. Initial pH of the medium had the
highest delta rank while the nitrogen source had the lowest
value.

Table 3. Response table for means

Level Nitrogen source pH Time
1 31.87 25.15 28.22
2 30.05 28.80 30.76
3 33.75 32.28 32.95
4 29.11 38.55 32.85
Delta 4.65 13.40 4.73
Rank 3 1 2

Taguchi DOE uses the main effects plot graphs (Fig. 1).
This illustration showed the best conditions for selected
factors at the peak levels. The optimum levels for each
factor were determined as proteose peptone, 5.5 pH value
and 3 days for incubation time, respectively. At the last step
of the optimization, Taguchi DOE used these optimal levels
to predict the highest enzyme activity. The prediction
experiment was done according to the suggested levels
above and the maximum invertase activity was found as
45.87 U/ml which was near to the predicted value (46.33
u/ml).

Main Effects Plot for SN ratios

Nitrogen pH Timz

Mean of SN ratios
s
H
-
é

b ¢
Bacto, Casein, Protense, Veaat 40, 43, 3.0, 53 1 2 3 4

Sigmal-ro-noize: Lovger iz bertsr

Fig. 1 Main effects plot for S/N ratios
3.2. ANOVA (Analysis of variance)

ANOVA test was performed to calculate the experimental
data to evaluate the distinction for the results owing to each
factor (Table 4). The P value represented the probability that
was calculated from an F-distribution with the degrees of
freedom (DF). The highest F value with the lowest P value
were obtained from pH of the medium, on the contrary the
lowest F value with the highest P value was determined by
the nitrogen source. These results were related about the
percentage contribution of the factors (Fig. 2).
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Table 4. ANOVA table for means

Source DF SeqSS AdjSS AdjMS F P
Nitrogensource 3 50,73 50,73 1691 14 0,30
pH 3 390,43 390,43 130,14 114 0,01
Time 3 59,55 59,55 19,85 1,7 0,25
Residual Error 6 67,95 67,95 11,32

Total 15 568,65

DF: Degree of freedom; Seq SS: Sequential sum of square; Adj SS:
Adjusted sum of square; Adj MS: Adjusted mean of squares; F: F value; P:
P value.

Fig. 2. The percentage contribution of each factor
4. Discussion

Invertase enzyme activity is strongly related with the
medium components, the kind of the producer-
microorganism and environmental conditions. The results
showed that proteose peptone, pH 5.5 and 3 days for
incubation time were the best choices for invertase
production by A. niger OZ-3. Bacto peptone, casein and
yeast extract had lower enzyme production. In a previous
study about optimization of invertase production by S.
cerevisiae, urea achieved higher enzyme activity than the
nutrient broth and yeast extract. Besides, the optimal pH
(6.0) was found closer to the current study (pH 5.5) (Ikram-
Ul-Haq et al. 2005).

Medium composition has a great role in enzyme production.
In a prior paper, nutrient broth, peptone and yeast extract
effects on invertase production by S. cerevisiae were
studied and the optimal nitrogen source was determined as
the peptone at pH 6.0 (Shafiq et al., 2001). On the other
hand, another prior studies revealed similar pH value to the
current study for different A. niger strains for invertase
production (Boddy et al. 1993; Laothanachareon et al.
2022). Besides, the same pH value was found to be optimal
for invertase production by Cryptococcus laurentii. They
found the enzyme to be thermostable up to 60°C at pH 5.5
(Das et al., 2016).

Waste materials are preferred as substrate for microbial
fermentation. Either recycling of the waste materials or low-
cost production are important parameters for an effective
fermentation. Various studies have been done using waste
or low-cost materials as substrate for invertase production.
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Use of sugar beet, enhanced the economic value of invertase
production by Rhodotorula glutinis. The optimal conditions
were determined for pH and incubation time as 4.5 and 3
days, respectively (Tasar 2017). In a prior study, about
invertase production by A. niger, the peptone was reported
to be enhancer for thermostable invertase from A. niger
IBK1 strain. The other optimal conditions were determined
as pH 5.0 and 120 h at 35°C (Oyedeji et al. 2017). The pH
value and nitrogen source were found to be like the current
study; however, the incubation time was found longer from
this study. It may be caused by use of a waste substrate
(pineapple peel) and different strain.

The response table illustrated the difference between the
highest and the lowest enzyme activities for the factors
(Table 3). Initial pH of the medium was found to be the most
effective factor on invertase production. The percentage
contribution of each factor varied depending on the
individual effects of the factors (Fig. 2). Initial pH of the
medium was found to be the most efficient factor. However,
nitrogen source and incubation time factors were found to
be closer to each other.

5. Conclusion

Optimization process is the main part of an effective
microbial fermentation. Use of classical and statistical
optimization tools causes variety on the product yield.
Taguchi DOE is one of the most preferred statistical
optimization tools for biotechnological applications. In the
current study, Taguchi DOE was used in the investigation
of the most suitable conditions for invertase production by
A. niger OZ-3 strain. Effects of bacto peptone, casein,
proteose peptone and yeast extract were studied in detail.
Initial pH of the medium and incubation time factors were
also determined. The results showed that the optimal
nitrogen source was proteose peptone at pH 5.5 and 3 days
for incubation time. As a conclusion, an enhanced invertase
production was achieved in the current study using Taguchi
DOE as the statistical optimization tool.
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hastaligimnin prognoz siirecinde 6nem arz eden laboratuvar parametrelerini degerlendirmek amaglanmistir. Bu amag
dogrultusunda, COVID-19 hastaligi ve laboratuvar parametrelerinin esas alindigi literatiir taramast yapilmistir. Bu literatiir
taramasi sonucunda 25 adet makalenin degerlendirilmesi ile ¢aligma olusturulmustur. Laboratuvar parametreleri, ili¢ ana baglik
altinda kategorize edilmistir. Bu basliklar, hematolojik parametreler, koagulasyon parametreleri ve inflamatuar parametrelerdir.
Hematolojik parametrelerde lenfosit sayisinin diisiik ¢ikmasi, hastaligin her asamasinda goriilen bir durum oldugu saptanmustir.
Prognozun kétiiye gidisatinda nétrofil sayisinin yiiksekligi on plana ¢ikmaktadir. Hastaligin siddetinin artmasi ile birlikte
nétrofil/lenfosit oraninda yiikseklik belirtilmistir. Buna ek olarak trombosit disiikliigii de gozlenebilmektedir. Koagulasyon
parametrelerinde ise, COVID-19 hastaligin1 agir gegirenlerde artan protrombin zamani ve D-dimer diizeylerinin yiiksekligi 6n
plana ¢ikmaktadir. Inflamatuar parametrelerden C-reaktif protein (CRP) diizeylerinin yiiksekligi, hastaligm her asamasinda
gozlenebilen bir durumdur. Buna ek olarak, hastaligin seyri kotliye gittikge C-reaktif protein diizeyleri de daha g¢ok
yiikselmektedir. Ayrica, prokalsitonin ve ferritin yiiksekligi de hastaligin durumu agirlagtikca gézlenmektedir. Sonug olarak,
hastaligin seyri boyunca, lenfositopeni ve CRP diizeylerinin yiiksekligi 6n plana ¢ikarken, hastaligin daha agresif bir hale
donmesiyle birlikte, artan protrombin zamani, ndtrofil/lenfosit orani, ndtrofil sayisi, D-dimer, prokalsitonin ve ferritin diizeyleri
yliksekligi ortaya ¢ikmigtir.

Anahtar Kelimeler: SARS-CoV-2, Koronaviriis, COVID-19, Laboratuvar parametreleri, Prognoz

Prognostic value of laboratory parameters in patients with SARS-COV-2 infection

Abstract: In this study, it was aimed to evaluate the laboratory parameters that are important in the prognosis process of
coranavirus-19 (COVID-19), which is assumed to be the latest global biohazard for humanity. For this purpose, a literature
review was conducted based on COVID-19 disease and laboratory parameters. As a result of this literature review, the study was
created by evaluating 25 articles. Laboratory parameters are categorized under three main headings. These headings are
hematological parameters, coagulation parameters and inflammatory parameters. It has been determined that low lymphocyte
count in hematological parameters is a condition seen at every stage of the disease. High neutrophil count is a sign of worsening
prognosis. With the increase in the severity of the disease, an increase in the neutrophil/lymphocyte ratio was noted. In addition,
low thrombocyte levels may also be observed. In coagulation parameters, increased prothrombin time and high D-dimer levels
are prominent in patients with severe COVID-19 disease. High levels of C-reactive protein (CRP), one of the inflammatory
parameters, can be observed at every stage of the disease. In addition, as the course of the disease worsens, C-reactive protein
levels rise more and more. In addition, an increase in procalcitonin and ferritin levels is observed as the condition of the disease
worsens. As a result, while lymphocytopenia and high CRP levels were prominent throughout the course of the disease, increased
prothrombin time, neutrophil/lymphocyte ratio, neutrophil count, D-dimer, procalcitonin and ferritin levels emerged with the
disease becoming more aggressive.

Keywords: SARS-CoV-2, Coronavirus, COVID-19, Laboratory parameters, Prognosis
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1. Giris

Son yirmi yilda ortaya c¢ikan siddetli akut solunum
sendromu (SARS) ve Orta Dogu solunum sendromu
(MERS) salgmlar1 yiiziinden sirasiyla 2002 ve 2012'de
koronaviriislere karst Diinya Saghk Orgiitii acil durumla
toplandi. 2019'un  sonunda, Cin'in en kalabalik
sehirlerinden biri olan Wuhan'da etiyolojisi bilinmeyen bir
pnomoni salgin1 rapor edildi (Lu ve ark. 2020). Bu
pnononi salginina yol acan viriis, muhtemelen yarasalarda
bulunabilen SARS benzeri bir koronaviriisten tiiretilen ve
spike glikoproteininde (protein S) ve niikleokapsid N
proteini mutasyonlarin ortaya ¢ikmasindan sonra insanlara
bulasan Coronaviridae ailesine ait yeni ortaya ¢ikan bir
viriistiir (Benvenuto ve ark. 2020). Diinya Saghk Orgiitii
tarafindan koronaviriis hastaligi 2019 (COVID-19) olarak
adlandirilan bu zoonotik patojenin, insanlar i¢in en son
kiiresel ~biyolojik tehlike oldugu varsayilmaktadir.
Mortalite orani, SARS ve MERS'den daha diisiik olmasina
ragmen, uzun kulugka siiresi (2 haftaya kadar) ile birlikte
SARS-CoV-2 bulagsma riskini artirmakta ve yayilmasini
kolaylastirmaktadir (Wu ve McGoogan 2020). Diinya
Saglik Orgiitiiniin verilerine gore, 20 Eyliil 2021 tarihi
itibariyle COVID-19 kaynakli 228394572 teyit edilmis
vaka ve 4690186 olim bildirilmistir
(https://covid19.who.int/).

COVID-19, klinik olarak kuru oksiiriik, nefes darligi ve
ates gibi klinik semptomlar gosteren gizemli bir solunum
ve sistemik sendromdur (Xu ve ark. 2020). COVID-19
hastaligi tanis1 ve SARS-CoV-2'den genetik materyali
tanimlamak i¢in en yaygm kullanilan yontem, gercek
zamanl polimeraz zincir reaksiyonudur (RT-PCR). Bu
yontem, viriisin RNA genetik materyalinin tamamlayici
DNA'ya (cDNA) ters transkripsiyonunu ve ardindan
cDNA'nin bazi bdlgelerinin  amplifikasyonunu igerir
(Goudouris 2021). Klinik verilere dayanarak, onaylanmis
vakalar hafif, orta, siddetli ve kritik vakalar olarak
smiflandirilabilir. Vakalarin yaklasik %5' kritik vaka
olarak kabul edilirken, %14'i siddetli vaka oldugu kabul
edilmektedir (Abbasi-Oshaghi ve ark. 2020). COVID-19
hastalarmin klinik durumu, 6zellikle periferik oksijen
satlirasyonu seviyeleri ve eszamanli komorbiditeleri,
yogun bakim iinitelerine kabul edilme ihtiyacini biiyiik
Ol¢iide belirlemektedir (Velavan ve Meyer 2020).

COVID-19 hastalarinin bir kismi, yogun bakim {initesinde,
ventilasyon ve Ekstrakorporal Membran Oksijenizasyonu
tedavisi gerektiren ¢ok siddetli bir hastalik donemi gegirir
(Skevaki ve ark. 2020). Viriisii bulagtirma ve hastaligi
yayma riski yiiksek olan COVID-19 hastalari, yogun
bakim tinitelerinde doluluk oranlarimi artirmaktadir. Bu
durum, hastalarin yogun bakim {initelerine yatiglar1 ve
tedavilerinde biiyiik bir zorluk olusturmaktadir (Velavan
ve Meyer 2020). Bundan dolayi, ciddi vakalarin erken
taninmasi, hastalarin zamaninda triyaji i¢in kesinlikle
gereklidir. Her ne kadar periferik oksijen satiirasyonu
seviyeleri ve eszamanli komorbiditeleri, yogun bakim
iinitelerine kabul edilmeyi biiylik Olciide belirlese de,
cesitli laboratuvar parametreleri hastalik  siddetinin
degerlendirilmesini  kolaylastirabilir. Bu durum g6z
Oniinde bulundurularak c¢alismamizin amaci, COVID-19
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hastalarinda gozlenen anormal laboratuvar
parametrelerinin, hastaligin ~ seyrinde ki  6nemini
incelemektir.

2. Veri kaynaklari

COVID-19 hastaliginin prognozunda anormal laboratuvar
parametrelerinin dneminin daha iyi anlagilmasini saglamak
amaciyla Google Scholar, Web of Science ve PubMed
tibbi veritabanlarini kullanilarak literatiir taramasi yapildi.
Anahtar kelime olarak, SARS-CoV-2, Coronavirus,
COVID-19, Laboratory parameters ve Prognosis
kelimeleri kullanildi. Alintilama sayilar1 dikkate alinarak
25 makale secildi. Ayrica bu se¢im, hastaligin prognozu
esasina dayali yapildi. Buna ek olarak, secilen makalelerde
orneklem biiylikligii de géz 6niinde bulunduruldu.

Labortuvar parametreleri 3 ana baglik altinda kategorize
edildi. Bu bagliklar sirasiyla, hematolojik parametreler,
koagulasyon parametreleri ve inflamatuar parametrelerdir.
Kaynak gosterilen ¢alismalar dikkate alinarak, hematoljik
parametrelerde, tam kan sayimi, lenfosit sayimi, notrofil
sayimi, trombosit sayimi ve nétrofil/lenfosit oranuna
odaklanildi. Ayni sekilde, koagulasyon parametrelerinde
de protrombin zamamt ve D-dimer parametrelerine
odaklanildi. Inflamatuar parametrelerde ise, C-reaktif
protein, prokalsitonin ve ferritin  parametrelerine
odaklanildi.

3. Laboratuvar parametrelerinin 6nemi

Tim  klinik  kararlarin  alinmasinda  laboratuvar
parametrelerinin etkinliginin yaklasik %70 oldugu tahmin
edilmektedir. Bu laboratuvar parametreleri, tiim objektif
saglik kaydi verilerinin de yaklagik %40 ila %94'lini
olusturmaktadir. Siiphesiz ki bir hastaligin tanimlanmast,
siniflandirilmasi, tedavisi ve izlenmesi ig¢in laboratuvar
sonuglarmin dogrulugu esastir (Dasgupta ve Sepulveda
2013). COVID-19 hastalarmn tanisinda altin standart olarak
kabul edilen RT-PCR testinin, duyarlilig1 yaklasik %70 ve
Ozgiilligh ise %95 oldugu tahmin edilmektedir (Goudouris
2021). Laboratuvar parametreleri agisindan COVID-19
hastalarinin, hastaligin siddetine gore siniflandirilmast,
tedavisi ve izlenmesi i¢in ise hematolojik, koagulasyon,
inflamatuar bazi parametrelerden yararlanilmaktadir.

3.1. Hematolojik parametreler

COVID-19, hematopoietik sistem ve hemostaz iizerinde
onemli etkileri olan sistemik bir enfeksiyondur. Lenfopeni,
onemli bir laboratuvar isareti olarak kabul edilebilir ve
potansiyel olarak prognostiktir. Notrofil/lenfosit ve
trombosit/lenfosit oranlar1 vakalarin ciddiyetini
degerlendirmeye yardimci olabilir (Vieira ve ark. 2020).
Pourbagheri-Sigaroodi ve arkadaglarinin (2020) yaptig:
calismada, Siddetli ve hafif vakalardan olusan COVID-19
hastalarin hematolojik parametrelerinin degerlendirildigi
15 yayinlanmis makaleden elde edilen veriler su sekilde
Ozetlemislerdir. Lenfopeni ¢ogu hastada belirgin bir bulgu
iken, bazi g¢alismalarda nétrofil sayisinda  artig
bildirilmistir. Ozellikle, toplam 16kosit sayist hastalar
arasinda farklilik gosterir ve bu da lenfopeni veya
notrofilinin  baskinligim1  yansitabilir.  Birlikte ele
alindiginda, hafif trombositopeninin eslik ettigi azalmis
lenfositler, COVID-19 hastalarinin tam kan sayiminda
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dikkat ceken en yaygin anormal bulgular arasindadir
(Pourbagheri-Sigaroodi ve ark. 2020). Lenfosit sayisi,
ciddi hastaligi olan ve olmayan COVID-19 hastalarini
dogrudan ayirt etmek i¢in 6nemli bir parametredir (Wang
ve ark. 2020; Ruan ve ark. 2020). Cogu COVID-19
Olimiiniin daha fazla lenfopeni yasadigi g6z Oniine
alindiginda, lenfosit sayisinin COVID-19'da hastalik
siddetini 6ngorebilen hizli ve yaygmn olarak bulunan bir
laboratuvar parametresi oldugunu varsaymak mantiklidir
(Ruan ve ark. 2020; Tan ve ark. 2020). Yang ve
arkadaslarinin  (2020) 94 hasta {izerinde yapilan bir
calismada, lokositler ve notrofiller de siddetli bir grupta
anlamli olarak daha yiiksekti. Bu c¢aligmalarla uyumlu
olarak, Huang ve arkadaslarmin (2020) yogun bakim
tinitesinde bulunan hastalarin, yogun bakim {initesi
olmayan hastalara gore daha sik 16kositoz, nétrofili ve
lenfopeni yasadigina dikkat c¢ekerek benzer bulgular
bildirmistir Wang ve arkadaslarinin (2020) yaptig1
calismada da yogun bakim hastalarinin, yogun bakim
iinitesinde olmayan hastalara gore daha az lenfosite ve
daha fazla 16kosit ve nétrofile sahip oldugunu bildirmistir.
Trombositopeni, daha yiiksek bir miyokardiyal hasar riski
ve daha kot bir prognoz ile iligkilidir. Lenfopeni, viriisiin
sitopatik etkisini, apoptoz indiiksiyonunu, interlokin 1
aracilt piroptoz ve inflamatuar sitokinler tarafindan kemik
iligi baskilanmasini igeren ¢ok faktorlii bir mekanizmadan
kaynaklanir (Goudouris 2021).

Liu ve arkadaglar1 (2020) yaptiklar1 ¢alismada, COVID-19
hastaligin1 agir gegirenlerin daha yiiksek nétrofil/lenfosit
oranina sahip olma egiliminde oldugunu gosterdigini
belirtmiglerdir. Yang ve arkadaglart (2020) yiiksek
notrofil/lenfosit  oranmmin ~ COVID-19  prognozunu
Ongorebilecegini bildirmistir. Alti galismanin meta-analizi
sonuglari, artan ndtrofil/lenfosit oranmin, SARS-CoV-2
enfeksiyonu olan  hastalarda koti  bir  prognoz
Onerebilecegini gostermistir (Lagunas-Rangel ve ark.
2020). Ayrica, 50 yasindan biiyiikk COVID-19 hastalarinda
kritik hastalik insidansinin, nétrofil/lenfosit oraninin
3,13’den disiik olan hastalar i¢in % 9,1 sonucunu
bulmuslar iken, nétrofil/lenfosit oraninin 3,13’den yiiksek
olan hastalar i¢in %50 sonucunu saptamiglardir (Liu ve
ark. 2020).

3.2. Koagulasyon parametreleri

Laboratuvar testlerinin prognostik 6nemi basit tam kan
sayimi incelemeleriyle temsil edilen degerli verilerle sinirl
degildir. Artan protrombin zamani ve D-dimer degerleri
daha kotii bir prognozun gostergesi olabilmektedir (Tang
ve ark. 2020; Huang ve ark. 2020). Tang ve arkadaglari
(2020), hastaliktan 6len COVID-19 hastalar1 arasinda
hayatta kalanlara kiyasla yaygin damar i¢i pihtilagma
acisindan koagiilopatinin ortaya ¢ikma oraninda énemli bir
fark oldugunu bildirmislerdir. Hiperkoagiilabilite, COVID-
19 nedeniyle hastaneye yatirilan hastalarda yaygindir.
Yiiksek D-dimer seviyeleri, seviyelerindeki ilerleyici artisa
vurgu yapilarak, durumun kétiilestigini gosteren tutarli bir
sekilde rapor edilmistir. Protrombin zamani ve aktive
parsiyel tromboplastin zamani uzamast ve siddetli
trombositopeni  gibi  pihtilasma  testlerinin  diger
anormallikleri, yayginlastirilmasi gereken yaygin damar ici
pthtilasma olusma olasiligini gosterir (Vieira ve ark.
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2020). Siddetli hastalarda D-dimerlerin ortalama degeri,
siddetli olmayan vakalardan 6nemli &lgiide daha yiiksek
bulunmustur. D-dimer diizeyinin yiikselmesinin, hastaligin
olumsuz bir klinik tabloya dogru ilerlemesini yansitmaya
etkili bir sekilde katkida bulunabilecegini vurgulanmistir
(Bashash ve ark. 2020). Huang ve arkadaslar1 (2020),
COVID-19 hastalarda kétii prognozu tahmin etmek igin D-
dimer icin bir esik seviyesi olarak 0,4 pg/mL
onermektedirler. COVID-19 hastaligin1 agir gecgiren ve
hafif geciren iki hasta grubunun karsilastirildigr bir
calismada, agir geciren grup hafif geciren gruba gore
onemli Ol¢lide anormal pihtilasma parametrelerine sahip
oldugu belirtilmigdir. Bu ¢alismada, agir gegiren grubun
protrombin zamani, INR ve D-dimer diizeylerinin daha
yiiksek saptandigi belirtilmistir (Bao ve ark. 2020).

3.3. Inflamatuar parametreler

COVID-19 hastalari i¢in istenen ana rutin testler arasinda
tam kan sayimi, pihtilasma ve fibrinoliz basamaklarini
aragtiran testler ve inflamasyonla ilgili parametreler yer
alir (Pourbagheri-Sigaroodi ve ark. 2020). Enflamasyonla
ilgili parametrelerin akut fazlarda oldukca yiikseldigi daha
once tespit edilmigti. COVID-19, bu kuralin bir istisnast
degildir. Ciinkii, bu hastalarin serumlarinda eritrosit
sedimantasyon hizi, C-reaktif protein ve prokalsitonin
farkli degerlerde de olsa yiikselmektedir (Pourbagheri-
Sigaroodi ve ark. 2020). COVID-19 hastalarda C-reaktif
protein (CRP) diizeyinde ki degisikliklerin bilgisayarli
tomografi bulgularindan daha oOnce ortaya ¢iktigi
belirtilmistir. Daha da Onemlisi, CRP diizeyleri hastalik
gelisimi ile iliskilendirilmis ve COVID-19'un erken bir
asamasinda hastaligin ciddiyetini tahmin etmede iyi bir
performans gosterdigi belirtilmisdir (Tan ve ark. 2020).
CRP' nin tanisal degeri prokalsitoninden daha istiin
olmakla birlikte, prokalsitonin, hastaligin ilerlemesini
tahmin etmek i¢in potansiyel olarak CRP' den daha biiyiik
bir degere sahip olabilir (Pourbagheri-Sigaroodi ve ark.
2020). SARS-CoV-2 ile enfekte olan hastalarin, hastalik
siddetine goére gruplandirmasi ile yapilan bir galismada,
serum prokalsitonin diizeyleri ortalamalarinin, siddetli
hastalarda orta diizey hastalara gére dort katin {izerinde
oldugu ve kritik hastalarda ise orta diizey hastalara gore
sekiz katin iizerinde oldugu saptanmistir (Hu ve ark.
2020). COVID-19 mortalitesinin Klinik belirleyicilerini
arastiran Ruan ve arkadaslar1 (2020), COVID-19
mortalitesinin ~ virlisle aktive olan sitokin firtina
sendromundan kaynaklanabilecegini 6ne siirdii. Oliimciil
vakalarda C-reaktif protein seviyeleri 126,6 mg/L'ye karsi
taburcu edilen vakalarda C-reaktif protein seviyeleri 34,1
mg/L.  olarak saptamistir. Ayni ¢aligmada Oliimciil
vakalarda serum ferritin seviyeleri 1297 ng/mL 'ye kars1
taburcu edilen vakalarda serum ferritin seviyeleri 614
ng/mL olarak saptamistir (Ruan ve ark. 2020). Zhou ve
arkadaslar1 (2020) tarafindan yapilan bir ¢aligmada, serum

ferritin  seviyeleri, klinik seyir boyunca hastalik
kotiilestikce yiikselmistir. Ozellikle, hiperferritineminin
proinflamatuar  sitokinlerin  salgilanmasin1  artiran

makrofajlar1 aktive edebildigi ve miiteakip inflamasyonun
esas olarak organ hasarindan sorumlu oldugu bildirilmistir
(Kernan ve Carcillo 2017). Ferritin pozitif bir akut faz
reaktan1 olmasina ve bu hiicre i¢i proteinin serum seviyesi
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inflamasyon sirasinda artmasina ragmen, Odlmekte olan
hiicreler de ferritin salgilayabilir. Bu nedenle, ciddi sekilde
etkilenen COVID-19 hastalarinda daha yiiksek serum
ferritin diizeylerinin daha biiyiik Ol¢iide organ hasarina
isaret edebilecegini varsaymak mantiklidir (Pourbagheri-

Sigaroodi ve ark. 2020).

Table 1. Secilen ¢alismalarin temel 6zellikleri

N On plana ¢ikan
Orneklem
Calisma A e parametre
Hematolojik parametreler
Vieira ve ark. 150 Lenfopeni,

2020 N/L, T/L yiiksekligi
Pourbagheri- Meta analiz Lenfopeni,
Sigaroodi ve (15 ) Notrofil yiiksekligi,

ark. 2020 yaym Lokositoz
Wang ve ark. .

2020 138 Lenfopeni
Ruan ve ark. 150 Lenfopeni,

2020 N/L yiiksekligi

Tan ve ark. .

2020 35 Lenfopeni
Yang ve ark. 94 Notrofil yiiksekligi,

2020 Lokositoz

Lenfopeni,
Huang ve ark. 41 Notrofil yitksekligi,

2020 s

Lokositoz
Lenfopeni,
Wang ve ark. 60 Notrofil yitksekligi,

2020 oy

Lokositoz
Go;lggilrls Derleme Trombositopeni, Lenfopeni
Liu ve ark. . e

2020 61 N/L yiiksekligi
Yang ve ark. .

2020 93 N/L, T/L yiiksekligi

Lagunas- .
Rangel ve ark. I\/I(gta;ne:ll)l z N/L yiiksekligi
2020 yayt
Liu ve ark. . e
2019 270 N/L yiiksekligi
Koagulasyon parametreleri
Tang ve ark. 183 Artan protrombin zamani ve D-
2020 dimer yiiksekligi
Huang ve ark. a1 Artan protrombin zamani ve D-

2020 dimer yiiksekligi
Vieira ve ark. 150 Artan protrombin zamani, aktive

2020 parsiyel tromboplastin zamani

Bashash ve Meta analiz D-dimer viiksekligi
ark. 2020 (21 yayin) y &
Bao ve ark. 178 Protrombin zamani, INR D-

2020 dimer yiiksekligi

Inflamatuar parametreler
P(_)urbagh_erl— Meta analiz C-reaktif protein, prokalsitonin
Sigaroodi ve (15 yayin) ikseklizi
ark. 2020 yay yuksexiig
Ta"zggé’“k' 102 C-reaktif protein yiiksekligi
Hu ve ark. S o

2020 Derleme Prokalsitonin yiiksekligi
Ruap ve ark 150 C-reaktif protein yitksekligi
Zhou ve ark. T .o

2020 191 Ferritin yiiksekligi

Kisaltmalar: N/L= Notrofil/Lenfosit, T/L=

Trombosit/Lenfosit
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4. Sonug

COVID-19  hastalarinda  laboratuvar  parametreleri,
pihtilagsma ve bagisiklik sisteminin hiper aktivasyonu,
hiper inflamasyon,ve sitokin firtinas1 gelisimi sonucu
ortaya ¢ikan degisiklikleri gostermektedir. Hastaligin seyri
boyunca, lenfosit sayimlarinin ve CRP diizeyleri takibinin
yapilmasi, hastaligi degerlendirmeye yardimer olabilir.
Hastaligin  daha  agresif bir hale ddnmesinde,
notrofil/lenfosit orani, noétrofil sayimlari, protrombin
zamani, D-dimer, prokalsitonin ve ferritin diizeyleri, daha
kot prognozu gosteren Onemli faktdrler olarak kabul
edilmektedir.

Kaynaklar

Abbasi-Oshaghi E, Mirzaei F, Farahani F, Khodadadi |, Tayebini
H. 2020. Diagnosis and treatment of coronavirus disease
2019 (COVID-19): Laboratory, PCR, and chest CT imaging
findings. IntJ Surg. 79:143-153.

Bao C, Tao X, Cui W, et al. 2020. SARS-CoV-2 induced
thrombocytopenia as an important biomarker significantly
correlated with abnormal coagulation function, increased
intravascular blood clot risk and mortality in COVID-19
patients. Experimental Hematology & Oncology volume 9,
Article number: 16.

Bashash D, Abolghasemi H, Salari S, Olfatifar M, Eshghi P,
Akbari ME. 2020. Elevation of D-Dimer, But Not PT and
aPTT, Reflects the Progression of COVID-19 Toward an
Unfavorable Outcome: A Meta-Analysis. 1JBC. 12(2):47-53.

Benvenuto D, Giovanetti M, Ciccozzi A, Spoto S, Angeletti S,
Ciccozzi M. 2020. The 2019-new coronavirus epidemic:
evidence for virus evolution, J Med Virol. 92(4):455-459.

Dasgupta A, Sepulveda JL. 2013. Accurate Results in the
Clinical Laboratory A Guide to Error Detection and
Correction. In: Sepulveda JL (ed) Chapter 1- Variation,
Errors, and Quality in the Clinical Laboratory. 1st Edition
Elsevier, Amsterdam.

Goudouris ES. 2021. Laboratory diagnosis of COVID-19. J
Pediatr (Rio J). 97:7-12.

Hu R, Hanc C, Pei S, Yin M, Chen X. 2020. Procalcitonin levels
in COVID-19 patients. Int J Antimicrob Agents.
56(2):106051

Huang C, Wang VY, Li X, Ren L, Zhao J, Hu Y, Zhang L, Fan G,
Xu J, Gu X. 2020. Clinical features of patients infected with
2019 novel coronavirus in Wuhan, China. The Lancet,
395(10223):497-506.

Kernan KF, Carcillo JA. 2017. Hyperferritinemia and
inflammation. Int Immunol. 29(9):401-409.

Lagunas-Rangel FA. 2020. Neutrophil-to-lymphocyte ratio and
lymphocyte-to-C-reactive protein ratio in patients with severe
coronavirus disease 2019 (COVID-19): A meta-analysis. J
Med Virol. 92(10):1733-1734.

Liu J, Liu Y, Xiang P, Pu L, Xiong H, Li C, Zhang M, Tan J, Xu
Y, Song R. 2020. Neutrophil-to-lymphocyte ratio predicts
critical illness patients with 2019 coronavirus disease in the
early stage. J Transl Med. 18(2020):1-12.

Liu 'Y, Du J, Chen J, Jin Y, Peng L, Wang HHX, Luo M, Chen L,
Zhao Y. 2020. Neutrophil-to-lymphocyte ratio as an
independent risk factor for mortality in hospitalized patients
with COVID-19. J Infect. 81(1):6-12.



A Keskin

Lu H, Stratton CV, Tang YW. The Wuhan SARS-CoV-2-What's
Next for China, J. Med. Virol. 92(6):546-547.

Pourbagheri-Sigaroodi A, Bashash D, Fateh F, Abolghasemi H.
2020. Laboratory findings in COVID-19 diagnosis and
prognosis. Clin Chim Acta. 510:475-482.

Ruan Q, Yang K, Wang W, Jiang L, Song J. 2020. Clinical
predictors of mortality due to COVID-19 based on an
analysis of data of 150 patients from Wuhan, China. Intensive
Care Med. 46(5):846-848.

Skevaki C, Fragkou PC, Cheng C, Xie M, Renza H. 2020.
Laboratory characteristics of patients infected with the novel
SARS-CoV-2 virus. J Infect. 81(2):205-212.

Tan C, Huang Y, Shi F, Tan K, Ma Q, Chen Y, Jiang X, Li X.
2020. C-reactive protein correlates with computed
tomographic findings and predicts severe COVID-19 early. J
Med Virol. 92:856-862.

Tan L, Wang Q, Zhang D, Ding J, Huang Q, Tang YQ, Wang Q,
Miao H. 2020. Lymphopenia predicts disease severity of
COVID-19: a descriptive and predictive study. Signal
Transduct Target Ther. 5(1):1-3.

Tang N, Li D, Wang X, Sun Z. 2020. Abnormal Coagulation
parameters are associated with poor prognosis in patients
with novel coronavirus pneumonia. J Thromb Haemost.
18(4):844-847.

Velavan TP, Meyer CG. 2020. Mild versus severe COVID-19:
Laboratory markers. 1JID. 95:304-307.

Vieira LMF, Emery E, Andriolo A. 2020. COVID-19: laboratory
diagnosis for clinicians. An updating article. Sao Paulo Med
J. 138(03):259-266.

Wang B, Hu C, Hu F, Zhu X, Liu J, Zhang B, Wang H, Xiang Z,
Cheng Y. 2020. Clinical characteristics of 138 hospitalized
patients with 2019 novel coronavirus-infected pneumonia in
Wouhan, China. JAMA. 323(11):1061-1069.

Wang T, Du Z, Zhu F, Cao Z, An Y, Gao Y, Jiang B.
Comorbidities and multi-organ injuries in the treatment of
COVID-19. The Lancet. 395(10228):E52.

Wu Z, McGoogan ZM. 2020. Characteristics of and important
lessons from the coronavirus disease 2019 (COVID-19)
outbreak in China: summary of a report of 72314 cases from
the Chinese Center for Disease Control and Prevention,
JAMA. 323(13):1239-1242.

Xu Z., Shi L, Wang Y, Zhang J, Huang L, Zhang C, Liu S, Zhao
P, Liu H, Zhu L. 2020. Pathological findings of COVID-19
associated with acute respiratory distress syndrome. Lancet
Respiratory Med. 8(4):420-422.

Yang AP, Liu J, Tao W, Li HM. 2020. The diagnostic and
predictive role of NLR, d-NLR and PLR in COVID-19
patients. Int Immunopharmacol. 84:106504.

Yuan J, Zou R, Zeng L, Kou S, Lan J, Li X, Liang Y, Ding X,
Tan G, Tang S. 2020. The correlation between viral clearance
and biochemical outcomes of 94 COVID-19 infected
discharged patients. Inflamm Res. 69(6):599-606.

Zhou F, Yu T, Du R, Fan G, Liu Y, Liu Z, Xiang J, Wang Y,
Song B, Gu X. 2020. Clinical course and risk factors for
mortality of adult inpatients with COVID-19 in Wuhan,
China: a retrospective cohort study. The Lancet.
395(10229):1054-1062.

104

Eurasian J Bio Chem Sci, 5(2):100-104, 2022






	Ön Kapak
	Page 1

	Dergi için ikinci sayfa bilgileri
	1
	2
	3
	4
	5
	6
	7
	8
	9
	10
	Arka KAPAK - Kopya
	Page 1


