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A3 Kkaresi icin yeni kayit olan Amelanchier ovalis Medik.’in tohum ve meyve
morfolojisinin incelenmesi

Dervis Oztiirk'" | Sevda Tiirkis?
= Eskisehir Osmangazi Universitesi, Mahmudiye At¢ilik Meslek Yiiksekokulu, Bitkisel ve Hayvansal Uretim Béliimii, Eskisehir, Tiirkiye
2" Ordu Universitesi Egitim Fakiiltesi Matematik ve Fen Bilimleri Egitimi Béliimii, Ordu, Tiirkiye
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Ozet: 2017-2018 yillar1 arasinda Sirali Kanyonu-KARABUK te yiiriitiilen floristik arastirmalar sirasinda toplanmis olan bitkinin
adlandirilmas1 sonucunda Amelanchier ovalis Medik. tiiriiniin Tiirkiye Florast' ndaki A3 karesi igin yeni kayit oldugu belirlenmistir.
Arastirma alani; Davis’in kareleme sistemine gore A3 karesin igerisinde yer almaktadir. Arastirma alam Karabiik Il merkezine 11 km,
Safranbolu lgesine 8 km uzakliktadir. Kuzeyinde Eflani flcesi, giineyinde Eskipazar Ilcesi, dogusunda Arag Ilgesi ve batisnda Yenice
Ilgesi yer almaktadir. Safranbolu ilgesinde Diizce ve Konar1 Kdyleri arasinda bulunmaktadir. Avrupa-Sibirya Floristik Bélgeleri’nin
etkilerinin goriildiigii bir noktada yer almaktadir. Taze bitki 6rneklerinden bazilar1 morfolojik 6lgiimler i¢in kullanilmis ve CANON EOS
fotograf makinesi ile fotograflar1 ¢ekilerek detayl agiklamalari hazirlanmigtir. Amelanchier ovalis Medik.’in arazideki genel goriintiisii
ve tohum-meyvenin goriintiisii Eskisehir Osmangazi Universitesi, Merkez Arastirma Laboratuvar1 Uygulama ve Arastirma Merkezindeki
numunelerin fotograflar1 Taramali Elektron Mikroskobu (FE-SEM) Hitachi Regulus 8230 ile ¢ekimleri yapilmustir.

Anahtar Kelimeler: Amelanchier ovalis Medik., Morfoloji, Sir¢ali Kanyonu, Karabiik

The new record for the A3 frame investigation of seed and fruit morphology of Amelanchier ovalis
Medik.

Abstract: As a result of the nomenclature of the plant collected during the floristic researches conducted in Sirabali Canyon-KARABUK
between 2017-2018, Amelanchier ovalis Medik. Flora of Turkey type 'n was determined to be a new record for the A3 frame. Research
area; According to Davis’s square system, it is located in the A3 frame. The research area is 11 km to Karabiik Province center and 8 km
to Safranbolu District. Eflani District to the north, Eskipazar District to the south, Ara¢ District to the east and Yenice District to the
west. Safranbolu district is located between Duzce and Konari Villages. It is located at a point where the effects of the Euro-Siberian
Floristic Regions are seen. Some of the fresh plant specimens were used for morphological measurements and detailed explanations were
prepared by taking photographs with CANON EOS camera. General view of Amelanchier ovalis Medik. And seed-fruit image of the
field Photographs of samples in Central Research Laboratory Application and Research Center of Eskisehir Osmangazi University were
taken with Scanning Electron Microscope (FE-SEM) Hitachi Regulus 8230.

Keywords: Amelanchier ovalis Medik., Morphology, Sirgali Canyon, Karabiik

© EJBCS. All rights reserved.

1. Giris topografik yapinmn cesitlilik gostermesidir (Akmci ve

Tiirkiye’de yayilis gosteren bitki tiirlerinin sayis1 Avrupa Ozhatay, 2000: Akaydun ve Erik, 1996).

kitasinin tiimiinde yayilis gdsteren bitki tiirlerinin sayisina Tablo 1. Ulkemizin floristik 6zeti

akindir. Tiirkiye floras1 154 familyaya ait 1.220 cins ve ”

}111.707 tir ve ti}llr alt1 takson ile temg]ilyedilmektedir (Tablo Dogal End. %  Toplam
1). Tiirkiye florasinin bu denli zengin olusunun nedenleri Kibritotlann 13 1 8,00 13
baktigimizda bunlar; Tiirkiye’nin hem iklim hem de bitki Egreltiler 73 2 274 73
Ortiisti yoniinden, dolayisiyla floristik yapr bakimindan 3
farkli bitki cografyasi bdlgesinin karsilastigi bir konumda
olmasi, Anadolu' nun Avrupa ve Asya kitalar1 arasinda
koprii konumunda olmasi ve buna bagl olarak iki kita Toplam 11466 3649 31,82 11707
arasinda karsilikli bitki gogleri ile g¢esitliligin artmasi,
edafik (topraksal) faktorlerin cesitlilik gdstermesi,

Kapah 11343 3640 32,09 11579
tohumlular
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Sekil 1. Amelanchier ovalis Medik. Tiirkiye’de yayilis alanlar1

Arastirma alani Karabiik 11 merkezine 11 km, Safranbolu
Ilgesine 8 km uzakhktadr. Kuzeyinde Eflani Ilgesi,
giineyinde Eskipazar Ilgesi, dogusunda Arac¢ Ilgesi ve
batisnda Yenice Ilgesi yer almaktadir. Safranbolu
ilgesinde  Diizce ve Konari  Koyleri arasinda
bulunmaktadir. Kanyon 2001 yilinda Yaban Hayati
Koruma Alanmi olarak ilan edilmistir. Swr¢ali Kanyon’u
Avrupa-Sibirya fitocografik bolgesinin Oksin Provensi
icinde yer almaktadir.

Sekil 2. Amelanchier ovalis Medik. Tiirkiye’de Yayilis kareleri

Meteoroloji miidiirliigiinden alinan uzun yillara ait verilere
gore, Safranbolu ilinde yillik yagis miktar1 440,3 en diisiik
aylik ortalama yagis miktar1 21,5 mm ile agustos ayma
aittir. En yiiksek aylik ortalama yagis miktar1 ise 49,3 mm
ile aralik ayma aittir. Yillik yagis rejimi kis, ilkbahar,
sonbahar, yaz (KISY) seklinde olup, buna gore Safranbolu
ilgesinde Dogu Akdeniz Yagis Rejimi goriilmektedir.
Arastirma alanmin ve yakin ¢evresinin toprak gruplarmin
genelini kahverengi orman topraklar1 olustururken (Sekil
3), Karabiik ve cevresinde kii¢iik akarsu vadilerinde
koliivyal topraklar goriiniir (Isik ve ark., 2006). Jeolojik
bakimdan; Swrgali (Safranbolu, KB Tiirkiye) yorelerinde
yaygin olarak yiizeylenen Alt-Orta Eosen yash Safranbolu
Formasyonu (Saner ve dig., 1980) diisey ve yanal yonde
farkli fasiyes Ozellikleri gosterir. Formasyon c¢aligma
alaninda baslica ii¢ ana litofasiyes ile temsil edilmektedir.
Bu litofasiyesler;

- Konglomera litofasiyesi
- Kumlu kiregtast litofasiyesi

- Iskeletsel taneli tanetasi-istiftasi litofasiyesidir.

AMELANCHIER Medik.

Amelanchier cinsi diinya genelinde Kuzey Amerika,
Avrupa, Kuzey Afrika ve Asya kitalarinda yaklasik 30
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tiirle yayihs yapmaktadir. Ulkemizde ise iki tiire ait dort
taksonla temsil edilmekte ve endemizm orant % 50°dir.
Tiirkiye Florasi’nin dordiincii cildinde Amelanchier cinsi,
Amelanchier rotundifolia, Amelanchier parviflora ve bu
tirlere ait taksonlar ile yer almistir (Davis, 1975). Fakat
iilkemiz i¢in hazirlanan Damarl Bitkiler listesinde A.
Ovalis Medik. ve A. Parviflora Boiss. tiirlerine ait toplam
4 adet tiir alt1 takson kayd1 verilmektedir .

Sekil 3. Arastirma alani
gorunim.

olan Sicali Kanyonu’nda

Amelanchier cinsine ait taksonlar Tiirkiye haritasi iizerinde
yayilig alanlar1 ve kareleri Sekil 1 ve 2 de verilmis olup;
kolaylikla hibritlesme yetenegine sahip olmalari, poliploidi
ozellik gostermeleri ve apomiktik olmalar1 nedenleri ile
teshislerinde O6nemli giiclikler yasanmaktadir. Yaprak
sekli ve buylikligili, yetistigi habitat ve gelisim g¢agina
bagli olarak biiylik farkliliklar gdstermesi ile morfolojik
olarak da tanmnmada biiyiikk sikintilar olusturmaktadir.
Morfolojik agidan tanimlamada kabul edilen karakterler
ise ¢icek ve meyve Ozellikleridir. Dokiiliicii yapraklara
sahip, ¢ali veya kii¢iik aga¢ formundadir. Yapraklar basit
yada petiolattir. Cigekler beyaz, ugta salkim, nadiren tektir.
Petaller lanceolattan ovata dogrudur. APG ye gore
(Angiosperm filogeny Group) Amelanchier rotundifolia
(Lam.) Dum.Cours., Amelanchier ovalis Medik.’e sinonim
olmustur (APG, 2011).

Yapraklar 2 cm veya daha fazla, yetigkin iken tiiysiiz;
petaller kaliks uzunlugunun 3-4 kat1 kadar

1. rotundifolia

Yapraklar 2 cm ye kadar, kalic1 beyaz yiinsii tiiylii; petaller
kaliks uzunlugunun yaklagik 2 kati kadar

2. parviflora

Bu calismanin amaci, Eskisehir’de yayilis gosteren
Amelanchier L. cinsine ait Amelanchier ovalis Medik.
taksonunun A3 karesi kayit1 i¢in yeni bir tiir olusu ve tiire
ait morfolojik c¢aligmanin yani sira tohum yapisinin
belirlenmesi i¢in Taramali Elektron Mikroskobu (FE-
SEM) ¢ekim yapilmasi ile taksonomik ¢aligmalara katki
saglayacagi diistiiniilmektedir.

2. Materyal ve Metot

Arastirma alanindan toplanan Amelanchier ovalis Medik.
cigeklenme aylari olan Nisan ve Mayis aylarinda 2016' da
Sircali Kanyonu-KARABUK ’te ve gevresinden toplandi.
Ornekler toplanirken her bir bitki drneginin yumrulu kok,
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govde, yaprak, ve c¢igege sahip olmasmna dikkat edildi.
Toplanan 6rneklerin dlgiimleri yapildiktan sonra bir kismi
herbaryum kurallarma goére kurutularak herbaryum
materyali  haline  getirildi.  Eskisehir = Osmangazi
Universitesi herbaryumunda (OUEF)  saklanmaktadir.
Amelanchier ovalis Medik. tanimlanmasi i¢in Tirkiye
Floras1 kullanilmistir.  Morfolojik incelemeler, arazi
caligmasi sirasinda yapilan gozlemler, toplanan canlt
ornekler, herbaryum 6rnekleri lizerinde yapildi. Taze bitki
orneklerinden bazilar1 morfolojik dlgiimler i¢in kullanilmig
ve detayll acgiklamalari hazwrlanmigtir. Tiriin koruma
statiileri TUCN tehdit kategorilerine gore degerlendirildi
(Ekim ve ark. 2000: TUCN 2001). Olympus CX31 51k
mikroskobu ve Taramali Elektron Mikroskobu (FE-SEM)
Hitachi Regulus 8230 ile fotograflarla desteklenen tiirler
icin anatomik ag¢iklamalar hazirland1.

Eurasian J Bio Chem Sci, 2(Ek 1):92-96, 2019

3. Bulgular ve Tartisma

Amelanchier ovalis Medik., K 41° 16* 41.6>’, D 32° 46’
85.5, 658 m yikseklikte, 06.05.2017 tarihinde
toplanmustir. A. Ovalis Medik., dik veya 3 m ye kadar
boylanabilen ¢alimsi kiigiik agaclardir (Sekil 4). Yapraklar
obovate tan oblong a dogrudur, 2-5 x 1.5-3 cm, genellkle
uclar1 kiit ya da sivridir (Sekil 5). Yapraklar ilk olarak
lanat tiiylii, daha sonra her iki yilizeyide tiiysiizlesir. Cigek
sap1 1-2 cm dir. Cigek salkimlar1 dik, 2-8 ¢igekli ve
lanattir. Cicekler 25-30 mm c¢apindadir. Kaliks ilk olarak
lanat tiiylii sonra tiiysiizlesmektedir. Sepaller mizraksidir.
Petaller 10-16 mm dir. Alttaki ¢iceklerde ¢igek sapt 2 cm
ye kadardrr (Sekil 4). Meyveleri 4-10 hiicreli,
olgunlasmadan 6nce yesil renkte, olgunlasmaya dogru ise
mavimsi veya siyahimsi renkte olmaktadir (Sekil 6).
Tohum yapisi; globose, 6-8 mm c¢apmda, gen¢ iken
kirmizi, olgunlastiginda ise mavimsi-siyah renkte

olmaktadir (Sekil 7) (Ganeva ve Uzunova, 2010: Davis,
1975).

Sekil 4. Amelanchier ovalis Medik. : A, C, G — Cigekler, B, D, E — Habitat , F — Meyveler (A. Bartok and A. Indreica

tarafindan orjinal fotograf ¢ekilmistir ).
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Sekil 5: Amelanchier ovalis Medik. : A-Yaprak genel goriiniis, B, C, D- Yaprak herbaryum goriintiisii (Sevda Tiirkis

tarafindan orjinal fotograf ¢ekilmistir.

Sekil 7: Amelanchier ovalis Medik. tohum yapisi SEM goriintiisi

4. Sonu¢

Bu c¢alisma sonucunda Tiirkiye Florasindaki kareleme
sistemine gore arastirma alanmin yer aldigi A3 karesi igin
yeni bitki tiri bulunmustur (MLF, 1946: Koca ve
Yildriml, 2004: Mutlu ve Erik, 1999: Ozen, 2016,
Tungkol ve Akkemik 2013: Moraldi ve Falcinelli, 2000).
Boylece bu tiiriin su ana kadar bilinen yayilis alan1 disinda
yeni yayilig alani belirlenmis olmaktadir. A3 karesi i¢in
yeni kayit durumunda olan bu tiir endemik olmayip, Dogu
Akdeniz elementidir. Morfolojik acgidan yaprak sekli,

95

meyve ve tohum yapisi benzerlik gdstermektedir.
Amelanchier ovalis Medik. tohum yapisini incelemek igin
SEM goriintiisii ilk kez ¢ekilmis olup Tiirkiye florasinda
belirtilen 6zellikler haricinde ylizeyi girinti ve ¢gikintili agsi
bir yapida oldugu bulunmustur. Amelanchier ovalis
Medik.’in verilmis olan morfolojik bilgileri sistematige
katkisi saglayacagi diisiiniilmektedir.

Tesekkiir Bu ¢aligmada Elektron Mikroskop gorintiileri
ESOGU-ARUM da cekilmistir.
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The usage of discarded battery coals as electrodes and improving their hydrogen
gas production performances by impregnation with Zr and Ce metal oxides
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Abstract: Hydrogen gas (Hzg) production is one of the major topic of the industry and energy production fields, for the last
decades. Especially it is popular with showing high energy density. Among the other industrial methods electrolysis is the cleanest
one without any by product emissions. It has been very popular to recovery of the discarded materials (such as batteries) as an
environmentally friendly equipments. Here the coal of a used up battery is utilized as an electrode in the electrolysis system in
order to produce (Hz(g)). Then these electrodes were modified with impregnation of Zr and Ce metal oxides. At first, HNO3z(q) and
H2S04(aq) solutions were compared as electrolytes with plain electrodes and H2SOuaq) is defined as the optimum electrolyte medium
(maximum Hag) production densities as 24.10xE-> mL sec? and 87.22xE™ mL sec,charge densities as 1137.40xE* C mm2 and
2976.19xE* C mm2and current densities as 45.68xE7 A mm2 and 165.34xE7 A mm2for 0.10 M HNO3(ag) (pH 1.10) and H2SO4(aq)
(pH 1.70) solutions respectively). Then all of these modified electrodes were utilized to the electrolysis system and compared in
the case of Haz production yield, charge and current density values. The best performances were obtained from CeO2 modified
electrode (maximum Hz () production density as 125.00xE"> mL sec "1, charge density as 4265.24xE** C mmand current density
as 236.96xE7 A mm2 in 0.10 M of H2SOa4(aq) electrolyte). All of the experiments were duplicated. Hydrogen is one of the most
promising, clean and sustainable energy carrier, that can be produced effectively by the usage of CeO. modified battery coal.

Keywords: Energy, Battery coal, Hydrogen gas production, Electrolysis, Cerium.

AtiK pil komiirlerinin elektrot olarak kullanilmas: ve daha sonra Zr ve Ce metal oksitleriyle
emprenye edilerek hidrojen gazi iiretim performanslarinin iyilestirilmesi

Ozet: Son yillarda sektriin ve enerji iiretim alanlarinim ana konularindan biri hidrojen gazi iiretimidir. Ozellikle yiiksek miktarda
enerji tiretilebilmesi agisindan hidrojen, yakit olarak popiilerlesmistir. Elektroliz, zararli gaz emisyonu olusturmadig: i¢in diger
endiistriyel yontemler arasinda en temiz olanidir. Atilan malzemelerin (pil gibi) ¢evre dostu bir ekipman olarak geri kazanilmasi
da oldukga ragbet goren baska bir alandir. Burada, kullanilmig bir pilin komiirii ¢ikartilarak, hidrojen gazi (Hz (g) tiretmek i¢in
elektroliz sisteminde bir elektrot olarak kullanilmigtir. Daha sonra bu elektrotlar, Zr ve Ce metal oksitleri ile modifiye edilerek
elektroliz performanslari karsilastirlmistir. ik basta yalin karbon elektrotlar kullanilarak, 0.10 M HNO3(q) (pH 1.10) ve 0.10 M
H2SOuq) (pH 1.70) ¢ozeltilerinin elektrolit olarak performanslari karsilagtirilmigtir. Sonugta 0.10 M HNO3(ag) ve 0.10 M H2SO4aqg)
gozeltilerinin sirastyla elde edilen maksimum Hz ) liretim yogunluklari 24.10xE™® mL s - ve 87.22xE mL s, yiik yogunluklar
1137.40xE™ C mm2 ve 2976.19xE* C mm2 ve akim yogunluklar1 45.68XE" A mm? ve 165.34 XE”” A mm? olarak dlgiilmiistiir.
Bu nedenle optimum elektrolity olarak 0.10 M H2SO4(q belirlenmistir. Karbon elektrotlar Zr ve Ce metal oksitleriyle modifiye
edilerek elektroliz sisteminde katot olarak kullanilmigtir. Tiim sonuglar karsilagtirilarak en iyi performanslarin CeO. modifiye
edilmis elektrottan elde edildigi goriilmiistiir (maksimum H2 (g) sretim yogunlugu 125.00xE® mL s 1, yiik yogunlugu 4265.24xE* C
mm2 ve akim yogunlugu 236.96xE”7 A mm? 0.10 M H2SOuq) elektrolit ortaminda). Tiim &lgiimler tekrarlanmigtir. Sonuglar
gostermistir ki CeO2 modifiye pil komiiriiniin elektrot olarak kullanildig: elektroliz sisteminden hidrojen gazi tiretimi verimli bir
sekilde gerceklestirilebilmektedir. Elde edilen veriler siirdiiriilebilir ve temiz enerji eldesi tizerine yapilabilecek ¢aligmalar igin ileri
modifikasyonlar yapilarak gelistirilmeye agiktir.

Anahtar Kelimeler: Enerji, Atik pil komiirii, Hidrojen gaz1 tiretimi, Elektroliz, Seryum

© EJBCS. All rights reserved.
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1. Introduction

Sustainable energy development requires innovative affords
bearing clean energy solutions in it. An energy production
method fails from the protocols that needs to explain itself
in terms of biocompatibility and low cost demands. So the
priority to achieve an acceptable clean energy production
procedure has to include at least no hazardous gas emission.
There has been many aspects to produce hydrogen gas (H:
@) such as coal gasification, oil/naphta reforming,
electrolysis (Ugurlu et al. 2006, Sen et al. 2016) methane
steam  reforming,  biomass, biological  sources
(Sivagurunathan et al. 2016; Mujeebu et al. 2016; Seyitoglu
etal 2017). Hz ) consumption performance of the industries
are scened as fertilizers (Eren et al. 2010), petroleum
refining processes (Erkarslan et al. 2018), petrochemical
(Karaoglu et al. 2010), fuel cells (Karaoglu and Ugurlu
2011), and chemical industries (Ziittel et al. 2004; Lim et al.
2015; Lee et al. 2017, Aslan et al. 2018). In electrolysis
process, water molecule is the reactant and it is dissociated
into hydrogen (Hz) and oxygen (O2) by the help of external
electricity (Kumar and Humabindu, 2019).

Billions of electrodes and fuel cell types were designed to
produce energy from electrolysis and the main point of these
studies point to the efficient yield achievement. The
presented study stands on the efficient electrode
development from discarded alkaline battery coals. Zr and
Ce were used as the triggering catalyst metals. Previously
they have been used on the electrode modifications as
highly active hydrogen evoluating catalysts by Demir et al.
(2018), and in recent vyears, efforts to develop
heterogeneous catalysts (Karaoglu et al., 2012; Dinger at al.,
2016) have been accelerated and there are different types of
catalyst utilizations (Karahan et al., 2016; Donmez et al.,
2018; Gungor et al., 2018; Kara et al., 2018), photocatalysts
(Ugurlu et al., 2006; Karaoglu et al., 2010; Karaoglu and
Ugurlu, 2010). Finally, Zr and Ce used together to improve
the catalytic performance reported by Polliotto et al. (2018).

The electrolyte type is also discussed. A suitable electrolyte
is expected to be a tramendous charge carrier and
nonpoisonous for the electrodes. Up to now several water
electrolysis methods are developed and they can be
classified in four types based on their electrolyte, operating
conditions, and ionic agents (OH-, H*, 0%). Queved as (i)
alkaline water electrolysis (Zeng and Zhang, 2010), (ii)
solid oxide electrolysis (Ni et al. 2009), (iii) microbial
electrolysis cells (Kadier et al. 2016) and (iv) proton
exchange membrane using water electrolysis (Foteini et al.
2017). Alkaline electrolysis operates with aqueous solution
(KOH/NaOH) as the electrolyte but asbestos diaphragm and
nickel electrodes should be used (Kumar et al. 2017). Other
types of electrolysis cells based on the transfer of electrons
through the external circuit to cathode while the protons are
passed through to cathode from the pores of proton
conducting membrane (as electrolyte) (Rathinam et al.
2018) Acidic electrolytes have been used as being very
conventional electrolytes. The most convinient one is the
H2SO04aq) (pH 1.70) but also HNO3@g) (pH 1.10) is used as
an alternative solution (Lei et al. 2019).
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H: ) generation experiments were performed in a lab scale
basic electrolysis equipment and Ha () charge and current
generation densities of each system yields were evaluated.
The results indicated that H2SOas@g) (pH 1.70) is a better
electrolyte than HNOs@uq (pH 1.10) and CeO, modified
discarded battery coal electrode (CeO,/C) showed the best
fuel cell performances among plain coal electrode (C) and
ZrO, modified coal electrode (ZrO/C). This study, offers a
new sight into “environment for environmet” motto. Every
single researcher can produce his own hydrogen gas with
low voltage inputs and any harmful chemical release.

2. Materials and Method
2.1. Materials and chemicals

H2SO4g) (99.80 % pure) (pH 1.70), HNO3 ) (99.80 %
pure) (pH 1.10), ammonium cerium (IV) nitrate (99.00 %
pure), zirconium IV butoxide (99.00 % pure), ethanol
(99.00 % pure), from Sigma-Aldrich. Dicarded batteries
were obtained from a recovery bin in the building.

2.2. Preperation of the solutions and impregnation
processes of the electrodes

In order to prepare 0.10 M HSOa4ag) (pH 1.70) and HNO3(ag)
(pH 1.10) solutions commercially available stock solutions
were used. Required amounts of acids were diluted with
deionized water and filled into the electrolysis cell. This
solution is sucked into the burette that contains cathode
electrode and the volume of hydrogen collected at the top of
the burette was measured during the electrolysis was in
progress. Scheme is shown below. The coal (C )inside of a
discarded AA battery was used as anode or cathode
electrode. Modification of the electrodes were achieved by
the method as reported by Ghodsi et al. (2011). As it is
reported (Ghodsi et al. 2011) the final products are the
oxides of these metals. Since the same anions of the metals
were achieved on the electrodes synergistic anion effect was
prevented for the comparison of the electrode performances.
Ce0,/C electrode was prepared as follows: precursor
solution was prepared by dissolving Ce(NO3z)s(NHa4)2 in 10
mL of ethanol and 5 mL of distilled water mixture. Bare C
was sucked into this solution completely then stirred for 30
min. Subsequently calcinated for 5 hours at 500 C. Similarly
ZrO,/C was prepared by using zirconium IV butoxide
precursor. Obtained electrodes utilized as cathode and C
was used as anode for all experiments.

Burette

Hydrogen‘
Gas

0.10 M Electrolyte/

Scheme 1. Electrolysis set up. Anode is C electrode, cathode is
adjusted according to the experiment as C, CeO2/C or ZrO,/C.
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2.3. Electrolysis experiments

Electrolysis experiments were conducted with a beaker and
burette at room conditions. Cathode electrode was stucked
into the mouth of a 25 mL burette and electrolyte solution
was sucked with a bulb into the burette. Anode was
maintained as C for all experiments. Firstly dissociation
potential measurements were recorded for all electrolysis
experiments. After the minimum current was observed H;
@ Volume was recorded by running chronometer.
Firstly H2SOs@ag (pH 1.70) and HNOsz@q (pH 1.10)
electrolytes were compared to each others with C
electrodes, then modified electrodes were conducted as
cathodes to the 0.10 M H2SOuq) (pH 1.70) filled cell. All
of the results are given in the following section.

3. Results

3.1. Calculation of the total Hz () produced by the systems,
charge and current density values

In a typical electrolysis system the volume of the gases have
to be determined in order to calculate the amount of charge,
current and flow density values. Here the amount of the H»
@ was measured as mL for each experiment set up
individually. Then these values were used to calculate Hz ()
volume density by dividing into the cathode surface area
(439.60 mm?). Then readed volume of the H g was divided
into the theoretical charge of the Hz (y mL 0.12 then charge
of the system was obtained. This data was used to calculate
current of the system by dividing charge value into the time
(second). Current and charge densities were calculated by
division of these charge and current values into electrode
surface area.

3.2. Comparison of the cell performances of HNO3(q) and
H2SOasq as electrolytes

At the beginning of the experiments two types of
electrolytes were determined as model. Cell performances
of the chosen electrolytes were examined with C cathode
and anode electrodes. HNOzg) (pH 1.10) and H2SO4aq) (pH
1.70) were compared to each other in terms of dissociation
potential, Hz ) production (Fig.1a), current density (Fig.1b)
and charge density (Fig. 1c) performances. An ideal
electrolyte is expected to be an excellent charge carrier and
has to lead the charge transfer duty well. HxSOaxq) is very
commonly used electrolyte but HNO3(g) is also a promising
candidate with the high acidic constant near to the HoSO4(ag).
Results of the experiments showed that the dissociation
potential value of the HNO3@g) was measured as 3.60 V
whereas H2SOaq) has 3.20 V. This shows that cell potential
of the H2SO4aq) Used electrolysis system is able to run easier
than HNOs(qq) in the presence of C electrodes. Additionally
Ha@ production, current and charge density values of
H2S04q) are higher than HNOgzag). As result HoSO4gq) Was
choosen as the electrolyte for subsequent experiments.
Table 1 shows the comparison of the cell performance
values including modified electrodes at the upcoming
sections. This graphs also show that the measured cell
performances of the H>SOsuqg electrolyte is better than
HNOs(a).
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Table 1. Comparison of the dissociation potential, Hz (g
production, current and charge density values of the different

electrolysis cells.

Cell type DP*  Hyg) CD¢ CD#
PD**

C cathode/C anode in 3.2 87.22 2976.19 165.34
0.10 M of H2SO4(aq) XES XE*4 xE7

C cathode/C anode in 3.6 2410 1137.40 45.68x
0.10 M of HNO3(ag) XES XE* E7
ZrO»/C cathode/C anode 2.8 94.44  3222.63 179.03
in 0.10 M 0fH2S04aq) XE* XE* XE7
Ce02/C cathode/C anode 2.3 125.0 4265.24 236.96
in 0.10M of H2SO4(aq) XES XE* XE7

* Dissociation potential (V); ** H production density (mL sec -1); § Charge density

2(9)
(C mm -2); £ Current density (A mm -2)
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Figure 1. Comparison of the cell performances of two different
electrolytes. a) Hz (g production performances, b) current density
curves, c) charge density graphics of the 0.10 M H2SOuq) (pH
1.70) and HNOs(aq) (pH 1.10) electrolytes recpectively. All of the
measurements were recorded with plain carbon electrodes as
anode and cathode, at 21 °C, atmospheric pressure and electrolyte
solutions were prepared with distilled water.
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3.3. Comparison of the cell performances of C, ZrO2/C
and Ce0O>/C cathodes

All of the electrolysis experiments were carried out in 0.10
M of HSOuaqg (pH 1.70) electrolyte at room conditions.
After the modification of electrodes they were utilized as
cathodes where C electrode was anode. First of all
dissociation voltages of the electrodes were compared. As
the datas revealed that CeO, modified electrode showed the
lowest dissociation voltage that means the electrolysis
process initiates the easiest by using CeO,/C electrode
among all. That explains the charge transfer efficiency is
trigerred by the Ce ions on C electrode. Also the other
parameters are supporting this idea as being at maximum
levels for CeO,/C electrode. All of the maximum density
values presented after 300 sec. measurement for all of the
cathode types. Figure 2 shows the comparison of the H> g
production, current and charge density value plots of the C,
ZrO,/C and CeQO,/C cathodes vs. C anodes 0.10 M of
H2SO04(q) (PH 1.70) electrolyte containing electrolysis cells.

H0 Ce0,/C

20,00
Zr0,/

15,00
C

[y
=]
(=]
o

Hyg) @amount {mL)

w
(=1
o

A
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== 4000,00 Ce0,/C

£
£ 3500,00
£ 3000,00
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C
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N
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8
[=]
=}

2000,00
1500,00
1000,00

Charge density (10-7
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15000 20000
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Figure 2. Hz2 g production, current and charge density value plots
of the C, ZrO2/C and CeO2/C cathodes vs. C anodes 0.10 M of
H2SOu4@q) (pH 1.70) electrolyte containing electrolysis cells.
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3.4. Evaluation of the electrolysis performance of
electrodes

This results exhibits the higher Hz ) production volumes
and cell performances can be achieved by the electrode
modification such as CeO, and the group elements. Priority
of the fuel cells generation of the high energy outputs but if
the point is generation and the storage of the H ()
production performance of the cathode comes forward. It
pushes the researcher to find new ways to modify electrode
so with these current and charge density values system
exhibits promising power outputs. Untill now different
types of the cells were reported in their specialized
measurement parameters but it is clear that solid oxide cells
are gaining huge attention (Ni et al. 2009). Proton exchange
membrane (PEM) of an electrolysis cell is our next step and
these electrodes will be adapted to the PEM body and
measurements will be conducted as well.

4, Conclusions

Waste management of the batteries “in terms of coals”
recovery and development of these wastes are discussed
here successfully. This is a good attempt to obtain energy
from wastes in a lab scale set up. Production yields of the
electrodes can be improved by the choice of the suitable
electrolyte, may the alkaline medium can be preferred also
more useful cell type can be selected as solid or PEM
electrodes can be used in the future experiments. Hydrogen
storage experiments are also upcoming subject of this
research.
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Abstract: The aim of this study was to investigate the effect of repeated doses of ketamine on hematological parameters in rats.
Ketamine, general and rapid-acting phencyclidine derivative, is a dissociative anesthetic. Ketamine, which is usually used in laboratory
animals in combination with xylazine, can be used alone for short-term anesthesia in rats. General anesthesia applications repeated
several times a day or on different days in animal experiments are used in pharmacokinetic studies where blood or other samples are
required, in surgical procedures or drug applications on different days under anesthesia, in treatment applications such as painful wound
care, regular dental care. In this study, 20 adult male Wistar albino rats, weighing between 180-230 g were used. Rats were divided into
two groups as 10 rats in each group. The rats in the ketamine group received intraperitoneal injection of 10% Ketamine HCI at a dose of
50 mg/kg every other day for 12 days. The control group received 0.2 ml saline intraperitoneally at the same time. At the end of the
study, 2 ml blood obtained by intracardiac route was placed in KsEDTA tubes. Hematological parameters include total leukocyte (WBC),
erythrocyte (RBC), hemoglobin (HGB), hematocrit (HCT), mean corpuscular volume (MCV), mean corpuscular hemoglobin
concentration (MCHC), mean corpuscular hemoglobin (MCH), erythrocyte distribution width (RDW), lymphocyte (LYM), monocyte
(MON), neutrophil (NEU), lymphocyte%, monocyte%, neutrophil% levels were measured with autoanalyzer device. According to the
results, ketamine has statistically decreased only lymphocyte count (p <0.05). In conclusion, ketamine caused changes in the lymphocyte
values according to the control group; however, since these changes were within the range of reference values reported for rats, it was
concluded that ketamine can be used safely in laboratory animals. Investigation of the effect of the anesthetic agents on blood parameters
in laboratory animals is important in terms of the reliability of experimental studies.

Keywords: Ketamine, Rat, Hematological parameters

Tekrarlanarak Uygulanan Ketaminin Sicanlarda Hematolojik Parametreleri Uzerine Etkisi

Ozet: Bu calismanin amaci tekrarlanan dozlarda uygulanan ketaminin siganlarda hematolojik parametreler iizerine etkisini incelemektir.
Ketamin, genel ve ¢abuk etkili fensiklidin tiirevi dissosiyatif bir anesteziktir. Genellikle laboratuvar hayvanlarinda ksilazin ile birlikte
kullanilan ketamin, siganlarda kisa siireli anestezilerde tek basmna kullanilabilmektedir. Hayvan deneylerinde giinde birkag kez veya
farkli giinlerde tekrarlanan genel anestezi uygulamalari; kanin veya baska numunelerin gerekli oldugu farmakokinetik ¢alismalarda,
anestezi altinda farkli glinlerde cerrahi prosediirlerin veya ila¢ uygulamalarmin yapildigi ¢aligmalarda, agrili yara bakimi, diizenli dis
bakimi gibi tedavi uygulamalarinda bagvurulan bir yontemdir. Bu ¢alismada Wistar-Albino ki 180-230 gram agirliginda, ayni yas
grubu, 20 adet ergin erkek siganlar kullanilmistir. Siganlar her grupta 10 adet sigan olmak tizere 2 gruba ayrilmistir. Ketamin grubundaki
siganlara 12 giin boyunca giin asir1 50 mg/kg dozunda %10 Ketamin HCI intraperitoneal yolla uygulanmistir. Kontrol grubuna ise es
zamanl olarak intraperitonal yolla 0,2 ml serum fizyolojik uygulanmistir. Caligmanin sonunda intrakardiyak yolla elde edilen kanlar
EDTA’l tiiplere konulmustur. Hematolojik parametrelerden Tam kanda total 16kosit (WBC), eritrosit (RBC), hemoglobin (HGB),
hematokrit (HCT), ortalama Alyuvar Hacmi (MCV), ortalama alyuvar hemoglobin konsantrasyonu (MCHC), ortalama alyuvar
hemoglobini (MCH), eritrosit dagilim genisligi (RDW) ve lenfosit (LYM), monosit (MON), nétrofil (NEU), lenfosit %, monosit %,
notrofil % diizeyleri otoanalizor cihazinda belirlenmistir. Hematolojik olarak sadece LYM degerleri acisindan gruplar arasinda
istatistiksel olarak anlamli fark bulunmustur (p<0.05). Elde edilen bulgulara gore ketamin istatiksel olarak sadece lenfosit sayisinda
diisise neden olmustur. Ancak biitiin 6lgiim degerlerinin referans araliklar icerisinde oldugu belirlenmistir. Bu ¢alismada, ketamin
anestezi protokoliiniin lenfosit degerlerinde kontrol grubuna goére degisikliklere yol ag¢tigi; ancak, bu degisikliklerin siganlar i¢in
bildirilen referans degerler araliginda olmasi nedeniyle, ketaminin laboratuvar hayvanlarinda giivenle kullanilabilecegi sonucuna
ulagilmigtir. Laboratuvar hayvanlarinda anestezik maddenin kan parametrelerine etkisinin arastirilmasi, yapilacak deneysel caligmalarin
giivenilirligi agisindan 6nemlidir.

Anahtar Kelimeler: Ketamin, Sigan, Hematolojik parametreler
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1. Introduction

Anesthesia is a reversible and controllable condition where
the perception of pain and other stimulants in the central
nervous system is prevented. Anesthesia is used for
anatomy-physiology demonstrations, experimental
injection, rectal drug/substance applications and surgical
interventions. The aim of anesthesia is to reduce the fear of
the experimental animal, to prevent pain related to the
interference, to provide safe and comfortable interventions
to the experiment, to protect the researcher (Flecknell,
1996; Tremoleda et al., 2012). Interventions in laboratory
animals used in experimental studies should not affect the
result of the experiment due to pain or anxiety, and for the
scientific and ethical reasons, the use of appropriate
anesthetics, analgesics or tranquilizing agents should be
used (Carbone and Austin, 2016).

Rats are the most preferred animals for experimental use
among all laboratory animals. All physiological events in
humans and other vertebrate animals can be easily studied
in rats that provide excellent experimental working
conditions in laboratory conditions (Flecknell, 1996).
Rodents can be anesthetized with either inhalant gas or
injectable drugs. Criteria of choice are the ethical use of
animals, safety for the animals and personnel, cost and
equipment available in the laboratory setting as well as the
impact of these compounds or techniques on blood
parameters (Tremoleda et al., 2012)

Ketamine, general and rapid-acting phencyclidine
derivative, is a dissociative anesthetic. It was synthesized
in 1962 by Calvin Stevens. It was first used in the clinic in
1965. It was released in 1970 for clinical use (Liu et al.,
2016). Ketamine is the only anesthetic with analgesic,
hypnotic and amnesic effects and, unlike other intravenous
anesthetics, has no depressant effect. The analgesic effect
of ketamine is strong and the narcotic effect is mild. It has
the lowest hallucinogen potential in phencyclidine
derivatives (Gao et al., 2016). Ketamine crosses the
blood-brain barrier quickly because it has low molecular
weight and high lipid solubility. The maximum effect
occurs in about 1 min. Ketamine does not cause respiratory
and cardiovascular depression complications that occur
frequently during the use of other anesthetic agents and
provides good anesthesia. The duration of action is dose-
dependent, but its effect is short-time due to its rapid
dissipation from brain tissue to other tissues. Ketamine
causes a cataleptic condition called central dissociative
anesthesia in the central nervous system, in which
communication with the patient cannot be established but
the patient can be seen as awake, there are skeletal muscle
movements and tonus independent of the painful stimulus,
and the patient is under amnesic and deep analgesic
effects. Patients have deep analgesia, eyes are open,
protective reflexes (cornea, coughing, swallowing,
retching) are active in ketamine anesthesia. Also, blood
pressure and heart rate increase in this anesthesia (Lodge
and Mercier, 2015; Gao et al., 2016; Jonkman et al.,
2017).

Although its mechanism of action is not well understood,
ketamine appears exerts complex pharmacological actions
including inhibition of biogenic amine uptake, binding to
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opioid receptors, and inhibition of N-methyl D-aspartate
(NMDA) receptors. Because of the involvement of spinal
NMDA receptors in the process of central sensitization,
this agent may reduce pain perception and induce sedation
(Kohrs and Durieux, 1998).

Ketamine is used as a general anesthetic in all kinds of
large and small operations in animals. It can be safely used
alone in inspections for diagnosis, in the capture of wild
animals and in situations requiring anesthesia. It is also
used to create short-term anesthesia to facilitate intubation
before anesthesia by inhalation. Ketamine, which is
usually used in laboratory animals in combination with
xylazine, can be used alone for short-term anesthesia in
rats (Hall and Clarke, 1991; Stoelting, 1999).

General anesthesia applications repeated several times a
day or on different days in animal experiments are used in
pharmacokinetic studies where blood or other samples are
required, in surgical procedures or drug applications on
different days under anesthesia, in treatment applications
such as painful wound care, regular dental care (Albrecht,
2014). Specifically, during experimental wound studies,
experimental animals are exposed to anesthetics such as
ketamine 3-5 times before biopsy from the wound to
examine the wound healing stages. It is not clear how and
in what time hematological functions are affected by
anesthesia which is thought to temporarily suppress
cognitive functions. Therefore, the aim of this study was to
investigate the effect of repeated doses of ketamine on
hematological parameters in rats.

2. Materials and Method

2.1. Drugs

Ketamine was obtained from Richter pharma ag, Austria
(Ketasol® %10 flacon).

2.2. Animals

In this study, 20 adult male Wistar albino rats, weighing
between 180-230 g were used. After the necessary
permission was received (Protocol No: 2013/294) from
Y.Y.U Animal Experiments Local Ethics Committee,
animals obtained from Y.Y.U Experimental Medicine
Research and Application Center were housed in rooms
with 12 hours light - 12 hours dark lighting up,
automatically adjusted temperature (22 + 2 °C) and
humidity (%45-50) again in the same place during
experiment, and they were fed with city water supply and
standard pellet diet (Van Feed Factory), food and water
intake were made free.

2.3. Experimental design

20 male rats were divided into two groups, as 10 rats in
each group. These groups were made up as follows,
including one of them with the application of ketamine,
and one of them as the control group. The rats in the
ketamine group received an intraperitoneal injection of
10% Ketamine HCI at a dose of 50 mg/kg every other day
for 12 days. The control group received 0.2 ml saline
intraperitoneally at the same time. At the end of the study,
rats were sacrificed under ketamine anesthesia. Blood
samples obtained by intracardiac route were placed into
EDTA capped bottles.


https://pubchem.ncbi.nlm.nih.gov/compound/N-methyl%20D-aspartate
https://pubchem.ncbi.nlm.nih.gov/compound/NMDA
https://pubchem.ncbi.nlm.nih.gov/compound/NMDA
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2.4. Hematological analysis

Hematological parameters include Total leukocyte
(WBC), Erythrocyte (RBC), Hemoglobin (HGB),
Hematocrit (HCT), Mean Corpuscular Volume (MCV),
Mean Corpuscular Hemoglobin Concentration (MCHC),
Mean Corpuscular Hemoglobin (MCH), Erythrocyte
Distribution Width (RDW), lymphocyte (LY M), monocyte
(MON), neutrophil (NEU), lymphocyte%, monocyte%,
neutrophil%, levels were measured with autoanalyzer
device (Abacus Junior Vet 5, Diatron, Hungary).
2.5. Statistical analysis
The statistical analysis of the data was carried out with the
SPSS software 10.0 ( SPSS Inc., Chicago, IL, U SA).
Paired t test were used to compare the hematologic
parameters. Values obtained were expressed as mean =+
S.D. The differences were considered to be significant
when P < 0.05.

3. Results

The results of hematological parameters obtained from the
blood taken at the end of the study in the experimental
groups are given in Table 1.

Table 1. Mean (+SEM) values of hematological parameters

Parameters | Control Ketamine P Reference
WBC 9.58+1.05 8.18+4.11 0.187 2.1-195
LYM 7.40+0.73° | 55942932 | 0.021 | 2-14.1
MON 0.37+0.16 0.48+0.43 0.402 0-0.98
NEU 1.81+0.43 2.11+£2.07 0.543 0.1-54
LY% 77.30+1.45 | 72.22+15.40 | 0.206 55-97
MO% 3.95+1.73 5.48+3.65 0.221 0-5
NE% 18.7243.04 | 24.29+£19.11 | 0.105 2-31
RBC 8.84+0.47 8.59+1.04 0.461 5.3-10
HGB 14.60+0.62 12.54+1.47 0.218 14-18
HCT 48.80+1.85 48.79+5.07 0.993 35-52
MCV 55.00+0.81 56.95+£2.05 0.077 50-62
MCH 16.52+0.65 16.72+1.95 0.714 16-23

MCHC 29.9240.76 | 23.92+17.76 | 0.129 31-40
RDWC 15.27+0.68 15.14+0.82 0.741 -

Different letters in the same coloumn

significance (p<0.05).

indicate statistical

In this study, there were no significant differences
between groups for hematological parameters. Only,
ketamine statistically decreased lymphocyte count (p

<0.05).
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Figure 1. Hematological parameters

4. Discussion

Nowadays, it is required that anesthesia or analgesia be
used during surgery in experimental animals because of
the concerns regarding animal welfare. Therefore, it is
important to understand how anesthesia affects the health
conditions of experimental animals. Hematological
parameters are important indices of the physiological and
pathological status for both humans and animals (Adeneye
et al., 2006).

We determined that there are no hematological changes in
rats after ketamine administration in this study. But only,
there is a decrease in lymphocyte counts according to the
control group; however, this decrease was within the range
of reference values for rats according to the autoanalyzer
device. Camkerten et al. (2013) reported that there were
not significant differences between baseline and during
anesthesia values of WBC, RBC, PLT, HCT and HGB of
xylazine-ketamine anesthesia on Bozova greyhounds.
Alsobayil et al. (2018) evaluated the anesthetic effects on
young hamadryas baboons (Papio hamadryas) of
xylazine—ketamine compared to diazepam—ketamine. They
observed no significant difference in complete blood
count. Chauhan and Pandey (2006), determined that PCV,
HGB, RBC and WBC count did not show any significant
change in fentanyl-ketamine combinations in dogs.
However, lymphocytosis with neutropenia was noticed.
Some authors (Tobias and Schertel, 1992; Giilanber et al.,
2001; Atalan et al., 2002) emphasised that there are no
significant alterations in venous RBC, WBC, HCT and
HGB values for the combination of ketamin and xylazine
and this indicated good tissue perfusion during the
anesthesia in dogs. Our finding is in agreement with the
findings of these studies.
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In another study with results contradictory to ours,
Hashemnia et al. (2018) evaluated the effects of long-term
administration of ketamine on some hematological in
Sprague-Dawley rats. Ketamine caused an increase in the
number of WBC as compared to the control group at the
days of 0, 20, 40, and 60 post-injection. These differences
between our study and this study may be due to the time of
application and the breed of animal. Also, Lelovas et al.
(2017) examined the effect of three different anaesthetic
protocols  (dexmedetomidine/ketamine intramuscularly
(0.25 mg/kg and 50 mg/kg respectively), or isoflurane 0.2
ml on cotton inside a syringe case, or isoflurane
administered by vaporiser (5% induction and 2-3%
maintenance of anaesthesia, delivered in oxygen flow 1
L/min) on hematological and biochemical parameters of
Wistar Albino rats. They stated that the different anesthetic
protocols had no statistically significant effect on WBC,
NEU, MON, EU, BA, and platelets, while their impact on
RBC, HCT and HGB values was statistically significant
(p<0.05). Demirkan et al. (2002) were reported that a
decrease PCV count and an increase of WBC count in
ketamine- xylazine anesthesia in the dog. Yohannes (2018)
stated that after the administration of ketamine alone, and
xylazine-ketamine combinations, HGB, WBC, RBC,
LYM, MON were decreased non-significantly, but NEU
was increased non-significantly in dogs.

5. Conclusions

In conclusion, ketamine caused changes in the lymphocyte
values according to the control group; however, since
these changes were within the range of reference values
according to the autoanalyzer device, it was concluded that
ketamine can be used safely in laboratory animals.
Hematological indexes are very important parameters used
in the evaluation of physiological conditions.
Lymphocytes are involved in a variety of immunological
functions, such as immuno-globulin production and
modulation of immune defense (Campbell, 1996). There
are many different reasons for the decrease in the number
of lymphocytes in the blood. Nutritional deficiencies,
stress, and prolonged fasting can lead to a decrease in
lymphocyte count. Investigation of the effect of the
anesthetic agent on blood parameters in laboratory animals
is important in terms of the reliability of experimental
studies.
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Ozet: Maternal dénemde folik asit suplemantasyonunun gebe ratlarda bozulmus glukoz toleransma etkisinin degerlendirilmesi
amaciyla planlanmigtir. Calismada daha 6nce ¢iftlesmemis 8-10 haftalik 12 wistar disi rat ¢iftlestirilmistir. Gebe kalan ratlar
randomize bir sekilde kontrol (n:6) ve deney grubu (n:6) olmak iizere 2 gruba ayrilmistir. Ratlara folik asit icerikleri farkli olacak
sekilde 2 ayr1 beslenme protokolii uygulanmistir. Gebelik boyunca kontrol grubuna insan gebelerde 400 mcg/giin degerine esdeger
olan ve Amerikan Beslenme Enstitiisii’niin Kemirgen Diyetleri kapsaminda gebelik siiresince ratlara yonelik belirlenmis olan AIN-
93G formiilasyonlu diyetteki folik asit miktar1 referans alinarak 2 mg/kg folik asit igeren standart yem, deney grubu i¢in insan
gebelerde upper level (1000 meg/giin) alim diizeyine denk gelen normal rat gereksinmesinin 2.5 kat1 olan 5 mg/kg folik asit igeren
yemle gebelik boyunca ad libitum beslenmeleri saglanmis ve su verilmistir. Gebelik donemi boyunca annelerin yem tiiketimi ve
viicut agirliklari takibi yapilmistir. Gebeligin 16. giiniinde ratlara oral glukoz tolerans testi uygulanmistir. Gebelik siiresince giinliik
ortalama besin tiiketim miktar1 kontrol grubunda 19,2+1,11 g iken deney grubunda 17,6+0.42 g olarak bulunmustur (p<0.05).
Deney grubunun folik asit alimlar1 diginda enerji, makro ve mikro besin 6gesi alimlarinin kontrol grubuna gore anlamlh diizeyde
diisiik oldugu saptanmustir (p<0.05). Deney grubunun baslangig, 15., 30., 60., 90. ve 120. dakikadaki kan glukoz degerleri kontrol
grubundan daha yiiksek oldugu saptanmustir (p>0.05). Annelerin gebelik doneminde maruz kaldig: folik asit miktari arttik¢a glikoz
intolerans1 riski arttirmaktadir. Bu durum gebelerde gestasyonel diyabeti ve gebelik sonrasinda ise tip 2 DM gelisme riskini
arttirabilecegi diisiiniilmektedir.

Anahtar Kelimeler: gebe, folik asit, glukoz intoleransi

Evaluation of The Effect of Maternal Folic Acid Supplementation on Impaired Glucose
Tolerance in Pregnant Rats

Abstract: This study was planned to evaluate effect of folic acid supplementation on impaired glucose tolerance in pregnant rats.
Wistar 8-10 weeks old female rats (n:12) were mated and were randomly divided into two groups:control (n:6) and experimental
(n:6) group. Two different feeding protocols were administered during pregnancy. Control group were fed with standard diet
containing 2 mg/kg folic acid in reference to the amount of folic acid in the diet of AIN-93G formulation, which is determined for
rats by the Rodent Diets of American Nutrition Institute and which is equivalent to 400 mcg/day in pregnant women and
experimental group were fed with containing 5 mg/kg folic acid which is 2.5 times the normal rats requirement corresponding to
the upper level (1000 mcg/day) intake in pregnant womens during pregnancy. Body weight and food intake of mother rats were
monitored during the gestation period. Oral glucose tolerance test was performed on the 16™ day of pregnancy. The mean daily
food consumption was 19.2+1.11 g in the control and 17.6+0.42 g in the experimental group during pregnancy (p<0.05). Apart
from the folic acid intake of the experimental group, energy, macro and micro nutrients intakes were significantly lower than the
control group (p<0.05). Blood glucose values of the experimental group at the beginning, 0™ 15, 30™, 60t, 90, and 120" minutes
were higher than the control group (p>0.05). As the amount of folic acid exposed to mothers during pregnancy increases, the risk
of glucose intolerance increases. This may increase gestational diabetes during pregnancy and increase the risk of type 2 DM after
pregnancy.

Keywords: pregnancy, folic acid, glucose intolerance
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1. Giris

Gebelik siiresi boyunca fetiisiin biiylime ve gelismesi i¢in
gerekli olan besin 0Ogesi gereksinmeleri anneden
saglanmakta olup maternal beslenme fetal saglhg:
etkilemektedir (Mahan ve Raymond 2016). Konsepsiyon
donemden doguma kadar maternal fizyolojide belirgin
degisiklikler gorilmektedir. Gebelik boyunca fetiisiin
biiyiime ve gelisimin hizli olmasindan dolay1 gebenin artan
enerji, mikro ve makro besin Ogesi gereksinimlerinin
karsilanmast 6nem kazanmaktadwr (Kaiser ve Campbell
2014). Gebelik doneminde giinliik enerji gereksinmesindeki
artigla beraber B grubu vitaminleri ve 6zellikle folata olan
gereksinim artmaktadir (Samur 2015).

Optimal maternal serum folat diizeyinin, fetiis saghg: ve
noral tiip defektinden (NTD) koruyucu roliinden dolayi,
prekonsepsiyonel ve gebelik déoneminde folik asit destegi
onerileri 6nem kazanmigtir (Krishnaveni et al. 2014).
Gebelik doneminde artan folat gereksinmesinin besinlerle
karsilanmas1 miimkiin olmadigindan, gebelerde folik asit
destegi tiim diinyada onerilmektedir (Rabiu et al. 2012, Al-
Darzi et al. 2014, Alebous et al. 2014). Diinya Saglik Orgiitii
(World Health Organization: WHO) 1968 yilinda
profilaktik olarak gebelik boyunca folik asit alimini
onermekte olup 1998 yilindan bu yana 6nerilen ek folik asit
desteginin miktar1 400 mcg/giin olarak belirlemistir (Procter
and Campbell 2014). Ulkemizde de WHO 6nerileri
dogrultusunda dogurganlik c¢agmdaki tiim kadmlarin
prekonsepsiyonel donemden baglayarak gebeligin ilk {i¢ ay1
boyunca besin kaynaklarina ek olarak 400 mcg folik asit
destegi verilmesi gerektigi vurgulanmaktadir (Mahan and
Raymond 2016). Ancak profilaktik olarak verilen bu miktar
bazi durumlarda arttirilmahdir. Ozellikle gegmisinde NTD
Oykiisii olanlarda 5 mg kadar folik asit verilmektedir
(Czeizel et al. 2013). Fakat baz iilkelerde bu riskin olup
olmadigma bakilmaksizin yiiksek miktarlarda folik asit
destegi uygulanabilmektedir. Ornegin; Hindistan’da tiim
gebelere 500 mcg folik asit destegi uygulanmakta iken pek
cok hekim tarafindan NTD’yi 6nlemek amaciyla rutin
olarak gebeligin erken doneminde yiiksek dozda (5 mg/giin)
folik asit desteginin uygulandigi belirtilmektedir. Ayrica
gebe kadmlarin ¢ogunun gebeliginin on ikinci haftasindan
sonrada; yani noral tiip defekti riskinin ortadan kalkmis
olmasma ragmen folik asit kullanmaya devam ettigi
bildirilmistir (Yajnik et al. 2008).

Diisiik maternal folat diizeyinin fetal sagligi iizerine
olumsuz etkilerinin yaninda yiiksek maternal folat
seviyelerinin ve artmis folik asit aliminin olumsuz saglik
sonuglartyla ilgili endiseler dikkat c¢ekmektedir. Son
donemde arastirmalar, maternal dénemde maruz kalinan
yiiksek miktarlardaki folik asitin gebe i¢in olasi olumsuz
saglk etkilerini arastirmaya odaklanmaktadir (Morakinyo
et al. 2019, Yang et al. 2017, Huang et al. 2014). insan ve
hayvan g¢aligmalarimin bazilarinda yiiksek maternal folat
diizeyleri ve maternal donemde artmus folik asit desteginin
gebelerde gestasyonel diyabetle iliskisi gosterilmis olmakla
beraber heniiz bu iligkinin mekanizmasi belirlenebilmis
degildir.  Ancak  olas1i  mekanizmalar  {izerinde
caligilmaktadir (Hu et al. 2019, Lai et al. 2018, Yang et al.
2017, Keating et al. 2015, Huang et al. 2014, Krishnaveni et
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al. 2014, Yajnik et al. 2008). Bu ¢alisma maternal donemde
folik asit suplemantasyonunun gebe ratlarda bozulmus
glukoz toleransma etkisinin degerlendirilmesi amaciyla
planlanmistir.

2. Materyal ve Yontem

Caligmada kullanilan Wistar tiirii  disi ratlar, Gazi
Universitesi Deney Hayvanlar1 Uretim ve Arastirma
Merkezi’nden temin edilmistir. Calismaya 8-10 haftalik
daha once ciftlesmemis ayni soydan gelen disi ratlar dahil
edilmigtir. Teslim alinan ratlar 0.1 grama duyarli hassas
terazi ile Olglilerck kafeslerine yerlestirilmistir.  Oda
sicaklig1 2142 C, bagil nemi % 35-40, kafes i¢i 151k siddeti
40 likks, 151k periyodu 12 saat aydinlik/ 12 saat karanlik,
giiriiltii diizeyi 85 dB’in altinda kalacak sekilde kontrollii ve
hava degisimini 10-16/saat olacak sekilde saglayabilen
havalandirma sisteminin mevcut oldugu bir ortamda
barindirilmigtir. Disi ratlar (12 rat) iki haftalik alisma
stirecinden sonra giftlestirilmistir. Ciftlestirme iglemi igin
10 adet Wistar tiirii erkek rat kullanilmistir. Vajinal plak
gozlenen disi ratlarda ciftlesmenin gerceklestigi kabul
edilmis ve gebeligin sifirinci giinii olarak alinmustir.
Calismaya dahil edilen ratlara diyet miidahalesinin
oncesinde, iki hafta boyunca ayni igme suyu ve standart
laboratuvar yemi ad libitum olarak verilmistir. Gebe kalan
ratlar randomize bir sekilde kontrol ve deney grubu olmak
iizere 2 gruba ayrilmistir. Kontrol ve deney grubundaki tiim
gebe ratlarin diyet miidahalesinin yapildig1 siire boyunca ad
libitum beslenmeleri saglanmistir. Ratlara folik asit
icerikleri farkli olacak sekilde iki ayr1 beslenme protokolii
uygulanmistir. Gebelik boyunca kontrol grubuna insan
gebelerde 400 mcg/giin degerine esdeger olan ve Amerikan
Beslenme Enstitiisii’niin Kemirgen Diyetleri kapsaminda
gebelik ve laktasyon siiresince ratlara yonelik belirlenmis
olan AIN-93G formiilasyonlu diyetteki folik asit miktari
referans alinarak 2 mg/kg folik asit iceren standart yem,
deney grubuna ise insan gebelerde (tolere edilebilir iist
diizey) upper level (1000 mcg/giin) alim diizeyine denk
gelen normal rat gereksinmesinin 2.5 kati olan 5 mg/kg folik
asit igeren yemle gebelik boyunca ad libitum beslenmeleri
saglanmis ve su verilmistir. Gebelik donemi boyunca anne
ratlarm hafta i¢i her giin ayni saatte (16.00-17:30) yem
tiikketimi ve viicut agiliklart 0,1 grama duyarli mutfak
terazisiyle  Ol¢lilmiistiir.  Gebeligin  16.  giiniinde
(Bonaventura et al. 2017) ratlara 16 saatlik aglik sonrasinda
gavaj yoluyla 2 g glukoz/kg viicut agirligi verilmis oral
glukoz tolerans testi (OGTT) uygulanmistir (Ghezzi et al.
2012). 0, 15, 30, 60, 90, ve 120. dakikalarda kuyruk venden
kan alinarak glukometre araciliiyla kan glukoz diizeylerine
bakilmistir.

Bu calisma Gazi Universitesi Hayvan Deneyleri Yerel Etik
Kurulu tarafindan 15.01.2018 tarihinde G.U.ET-18002
kayt numarali arastirma projesi olarak onaylanmistir.
Calismanm tiim asamalarinda Gazi Universitesi Hayvan
Deneyleri Yerel Etik Kurulu esaslarma uygun ¢aligiimistir.
Arastirmanin biitcesi Gazi Universitesi Bilimsel Arastirma
Projeleri (BAP) Birimi’nden kargilanmistir (Proje Kod No:
47/2018-02).
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3. Bulgular

Arastrmada kullanilan maternal ratlara iliskin ortalama
gebelige baslangic agirligi, gebelik siiresince toplam agirlik
kazanimi ve batin sayis1 Tablo 1’de gosterilmistir. Gebelige
baslangic agirliklart agisindan kontrol ve deney grubu
arasinda istatiksel agidan 6nemli bir fark bulunmamigtir
(p>0.05). Gebelik siiresince toplam agirlik kazanimi deney
grubunda daha diigiikk bulunmustur (p>0.05) ancak bu fark
istatistiksel agidan anlamli olmadig1 belirlenmistir. Batin
sayis1 ortalamasi kontrol grubunda 10,5+1,64 ve deney
grubunda ise 9,0+3,74 olup, gruplar arasinda istatistiksel
acgidan anlaml bir fark saptanmamaistir (p>0.05).

Tablo 1. Maternal 6zelliklerin degerlendirilmesi

Kontrol Deney
Maternal 6zellikler +SS £+SS p
Gebelige baglangic 209,1+5,41 207,2+4,87 0,336
agirlig (g)
Gebelik siiresince toplam ~ 99,5+4,76 89,8+4,62 0,064
agirlik kazanimi (g)
Batin sayist 10,5+1,64 9,0+3,74 0,229

Gebelik donemi boyunca giinliikk ortalama besin tiiketimi
acisindan degerlendirildiginde kontrol grubunun giinkik
ortalama besin tiiketiminin deney grubundan anlamli
diizeyde daha yiiksek oldugu belirlenmistir (K: 19,2+1,11 g
ve D: 17,6+£0.42 g, D2: 18,0+1,37 g, p<0.05). Gebelik
doneminde anne ratlarm maternal diyet 6zelliklerine gore
giinliik ortalama enerji, makro ve mikro besin 6gesi alim
miktarlar1 Tablo 2’ de gosterilmistir. Kontrol grubunun
ortalama folik asit, B1, B2, ve Bg vitamin alimlar1 disinda
enerji, makro ve mikro besin Ogesi alimlari deney
grubundan daha yiiksek oldugu belirlenmistir (p>0,05).
Deney grubunun giinliik ortalama folik asit alim1 ve viicut
agirhgl basma diigen folik asit miktar1 (p<0,05) kontrol
grubundan daha yiiksek ve gruplar arasinda 6nemli fark
oldugu saptanmustir (p<0.05).

Tablo 2. Gebelik doneminde anne ratlarin maternal diyet
ozelliklerine gore giinlilk ortalama enerji, makro ve mikro
besin dgesi alim miktarlari

Enerji ve Besin Ogeleri Kontrol Deney
x£SS x+SS
Enerji (kkal/gtin)* 73,6+4,28 67,5£1,63
Yag (g/glin)* 1,0+0,06 0,9+0,02
Protein (g/giin)* 3,3+0,18 3,0+0,07
Karbonhidrat (g/giin)* 12,9+0,75 11,8+0,28
Folik asit (mcg/giin)* 38,4+2,23 88,0+2,12
Folik asit (mcg/kg/giin)* 48,0+2,86 111,742,92
B vitamini (mg/giin)* 0,4+0,02 0,3+0,01
B2 vitamini (mg/giin)* 0,4+0,02 0,3+0,01
Bs vitamini (mg/giin)* 0,3+0,02 0,3+0,01
Bi2 vitamini (mcg/giin)* 7,9+0,45 7,2+0,17
C vitamini (mg/glin)* 0,4+0,02 0,3+0,01
Kalsiyum (mg/giin)* 177,7£10,34 163,0+3,93
Fosfor (mg/giin)* 144,5+8,40 132,543,19
Demir (mg/giin)* 3,4+0,19 3,1+0,07

* p<0,05
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Anne ratlarin oral glikoz tolerans test sonuglarina gore kan
glukoz degerleri Tablo 3°de gosterilmistir. Deney grubunun
baglangig, 60. dakika, 90. dakika ve 120. dakikadaki kan
glukoz degerleri kontrol grubundan daha yiiksek
bulunmustur fakat gruplar arasindaki fark istatiksel olarak
onemli degildir (p<0,05).

Tablo 3. Anne ratlarm oral glukoz tolerans test sonuglarina
gore kan glukoz degerlerinin degerlendirilmesi (mg/dL)

Kontrol Deney
Kan glukoz degerleri (mg/dL) x+SS x+SS
OGTT-0. dakika (mg/dL) 80,8£6,67  88,6£11,25
OGTT-15. dakika (mg/dL) 112,8+17,45  117,5+23.,56
OGTT-30. dakika (mg/dL) 112,6£10,87  117,6£12,09
OGTT-60. dakika (mg/dL) 89,649,66 106,5+13,54
OGTT-90. dakika (mg/dL) 84,1£12,35  99,8+10,75
OGTT-120. Dakika(mg/dL) 83,649,75 97,0+7,66

4. Tartisma

Folik asit destegi alan ve almayan ayn1 yas grubu gebelerde
gestasyonel diabetes mellitus (GDM) riskinin incelendigi
bir caligmada, destegi alan gebelerde GDM riskinin azaldig1
ileri siiriilmiistiir. Folik asit destegi kullanan gebelerde,
uygulanan folik asit desteginin 800 mcg’t asmadigi
belirtilmektedir. Calismada uygulanan folik asit desteginin
miktari, onerilen folik asit desteginden miktar olarak (400
mcg) fazla olmasma ragmen tolere edilebilir iist diizey
miktarindan (1000 mcg) diisiiktiir ve calismada verilen
miktarin gebe sagligini tesvik ettigi gosterilmistir. (Li et al.
2015). Yapilan bir bagka calismada ise gebelik Oncesi
donemden baslayarak yeterli (>400 mcg) miktarda folik asit
alan gebelerin, yetersiz diizeyde folik asit alan gebelere gore
(<400 mcg) daha diisiik GDM riski tasidigi belirtilmistir (Li
et al. 2019). Fakat yakin zamanda Cin’de gebe kadinlarda
yiiriitiilen kohort bir ¢aligma sonucunda, gebeligin ilk
trimesterinde uygulanan giinliik folik asit desteginin GDM
riskini iki katindan fazla arttirdig1 gosterilmistir. Hatta ilk
trimesterda folik asit destegi alan ve gebelik Oncesi fazla
kilolu kadmlarin (BKI >25 kg/m2) folik asit destegi
almayan normal agirhiktaki kadmlara gore 5.63 kat daha
fazla GDM riskine sahip oldugu belirtilmistir. Calismanin
en 6nemli siirlilig ise, GDM riskinin degerlendirilmesinde
folik asit destegi alan ve almayan gebeler arasinda
karsilastrma yapmis olmasma ragmen, destek alan
gebelerin maruz kaldig: folik asit miktari belirtilmemistir
(Zhu et al. 2016). Bu caligmada ise tiim ratlara folik asit
destegi saglanmistir ve en yiliksek miktarda folik asite maruz
kalan annelerin glukoz intolerans testi sonuglarma gore,
baslangig, 60. dakika, 90. dakika ve 120. dakikadaki kan
glukoz degerleri tolere edilebilir {ist diizeyde folik asit
destegi uygulanan anne ratlarda daha yiiksek oldugu
saptanmistir. Tim gruplardaki anne ratlarm OGTT
degerleri normal aralikta olsada dnerilen miktarmn iizerinde
folik asite maruz kalan annelerin kan glukoz degerleri artma
egilimi gostermektedir. Maruz kalman folik asit miktar1
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tolere edilebilir iist diizeylerine ulastiginda annelerde
bozulmus glukoz toleransi gelisimi risk olusturmaktadir ve
artmis folik asit aliminin bozulmus glukoz toleransi riskini
arttirabilecegi sdylenebilir.

5. Sonuc ve Oneriler

Gebelik doneminde uygulanan folik asit desteginin dnerilen
miktarlarin iizerine ¢ikmasi gebelik doneminde bozulmus
glukoz toleransina olan yatkinlig1 arttirabilir. Bu nedenle
gebelerin; folik asit suplemantasyonu uygulamasinda doza

dikkat edilmelidir. Gebelere folik asit Onerisinde
bulunurken miktar konusunda dikkatli olunmalidir. Risk
tasimayan gebelerde WHO  6nerisi  dogrultusunda

suplemantasyon (400 mcg/glin) uygulanmali ve tolere
edilebilir ist alim diizeyini (1000 mcg) agmayacak sekilde
uygun siirelerde yapilmasina dikkat edilmelidir.

Tesekkiir

Bu calismanm yiiriitilmesinde maddi destek destek
saglayan Gazi Universitesi Bilimsel Arastrma Projeleri
(BAP) birimine tesekkiir ederiz.
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LPS’nin bobrek DNA’s1 iizerine akut toksik etkisi ve apilarnilin koruyucu rolii
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Ozet: Bir endotoksin olarak lipopolisakarit (LPS), gram negatif bakterilerin hiicre duvarmin bir par¢asini olusturur ve canli dokuya

girdikten sonra akut bir iltihabin baglatilmasindan sorumludur. Bu ¢alismada erkek siganlar kontrol ve uygulama gruplari olmak
iizere toplam sekiz gruba ayrilmistir. Uygulama gruplari: Apilarnil’in 0,2, 0,4 ve 0,8 g/kg viicut agirligi (va) artan doz gruplari,
LPS-uygulanan grup (30 mg/kg va intraperitonel yoldan LPS verildi), LPS+ Apilarnil’in 0,2, 0,4 ve 0,8 g/kg va artan doz gruplar1.
Apilarnil’in 0,2, 0,4 ve 0,8 g/kg artan dozlar1 siganlara 1 ml oral gavaj olarak verildi. Komet yontemi ile bobrek hiicrelerinin DNA
yapisindaki degisiklikler 6 saat sonunda kontrol grubuyla karsilagtirildi. LPS-uygulanan grupla LPS+Apilarnil uygulanan grup
karsilastirildiginda, DNA hasar1 6 saatin sonunda dnemli dl¢lide artmigtir. LPS+Apilarnil uygulanan grupta, uygulama siiresi
sonunda kuyruk yiizde DNA's1, kuyruk uzunlugu ve kuyruk momenti énemli 6lgiide azalmistir. Sonug olarak, LPS'ye kars1 farkli
dozlarda Apilarnil’in kullanilan gruplar karsilagtirildiginda yiiksek dozda Apilarnil’in kullanilmasinin daha koruyucu oldugu tespit

edilmistir.

Keywords: LPS, Apilarnil, Toksisite, DNA, Bobrek

Protective role of apilarnil and acute toxic effect of LPS on kidney DNA

Abstract: Lipopolysaccharide as an endotoxin forms part of the cell wall of gram-negative bacteria and is responsible for initiating
an acute inflammation after entering live tissue. In this study, male rats were divided into eight groups as control and treatment
groups. Treatment groups are Apilarnil 0,2, 0,4 and 0,8 g/kg body weight (bw) increasing dose groups, LPS-treated group (LPS,
30 mg/kg bw was given to the LPS group intraperitoneally), LPS+Apilarnil increased dose groups of 0,2, 0,4 and 0,8 g/kg bw.
Apilarnil increased doses of 0,2, 0,4 and 0,8 g/kg were used, and 1 ml oral gavage was administered to the rats. LPS was given to
the LPS group (30 mg/kg bw) intraperitoneally. Changes in DNA structure of kidney cells by comet assay were compared with
control group after 6 hours. When LPR-treated group and LPS+Apilarnil applied group were compared, DNA damage increased
significantly after 6 hours. In the LPS+Apilarnil treated group, the tail percentage DNA, tail length and tail moment were
significantly reduced at the end of the application period. In conclusion, the use of high doses of Apilarnil with different doses
against LPS.

Anahtar Kelimeler: LPS, Apilarnil, Toxicity, DNA, Kidney

1. Giris

Endotoksin, gram negatif bakterilerin hiicre duvarlarmimn bir
pargasidir ve canli dokuya girdikten sonra akut bir
enflamasyonun baslamasidan sorumludur (Lohuis ve ark.,
1988). Endotoksin molekiilii, lipopolisakkarit (LPS)
tabakasinda bulunmaktadir (Fisgin, 2004). Hiicre yikimimnin
hizli biiylimesi swasinda gelisen endotoksemi, bir dizi
olaylarin sirasini tetikleyen anahtar bir molekiildiir. Sepsis,

bakterilerin pargalanmasiyla salinir ve endotoksemiye
neden olur (Tizard, 1992).

© EJBCS. All rights reserved.

Deneysel ¢alismalar, hayvanlarda sepsis/endotoksemiyi
indiiklemek i¢in LPS uygulamalarmin yapilabilecegini
gostermistir. LPS, birgok arastirmaci tarafindan tavsan,
sican, fare, kopek, ke¢i, at, bufalo veya sigir gibi
hayvanlarda deneysel endotoksemi iiretmek icin
kullanilmistir (Elmas ve ark., 2006; Turgut ve ark., 2006;
Yazar ve ark., 2004; Bieniek ve ark., 1998; Jacopsen ve ark.,
2005). LPS kullanilarak metabolik, immiinolojik,
fizyolojik, toksikolojik ve farmakolojik ¢aligmalar septik
sok ile gergeklestirilmektedir (Hardaway, 2000).
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Septisemi sirasinda, sitokinler, kemokinler, trombosit
aktivasyon faktorii, interferon-gama, prostaglandinler,
lokotrienler ve proteazlar gibi bir dizi uyarici faktorlerle
makrofajlar, nétrofiller, endotel ve epitel hiicreleri gibi
farkli hiicreler aktive edilebilir. Bu olaylar, ortaya g¢ikan
reaktif oksijen tiirleri (ROT) ile birlikte immiin hiicre
aktivasyonunu da beraberinde getirir (Xu ve ark., 2014).
Hiicreler fizyolojik kosullar altinda antioksidan savunma
sistemi sayesinde hafif oksidatif stresi tolere edebilir. Diger
bir deyisle, tiim biyolojik hiicreler tolere edilebilir seviyede
oksidatif stres altinda normal kosullara sahiptir. Bununla
birlikte, savunma sistemlerinin  yeterli olmadigi
durumlarda, ROT ile antioksidanlar arasindaki denge
tehlikeye girer ve boylece hiicrelerde makromolekiiller
zarar gorir (Lee ve ark., 2018; Nur ve ark. 2016a; Nur ve
ark. 2018b;). Serbest radikaller oksidatif strese neden olur
ve oksidatif stres ile endotoksik sok yiiksek mortalite
gosterir (Lee ve ark., 2018).

Son yillarda alternatif tedavi segeneklerinin, tibbi tedaviye
ilave olarak ozellikle beseri hekimlik alaninda, giderek
artan bir sekilde 6nem kazanmustir. Apilarnil’in (erkek larva
oziitll) Gliney Afrika’da (Burkina Faso) gastrointestinal
hastaliklar, solunum yolu hastaliklari, vertigo, oftalmik
hastaliklar, dis agrisi, kas yorgunlugu, yara, yanik ve sirt
agrilar1 ve cilt temizleyici bir ajan olarak kullaniminin
yaninda 6zellikle erkek kisirhiginda basariyla kullanildig:
bildirilmektedir (Altan ve ark., 2013). Yapilan ¢aligmada,
erkek ve disi bireylere (28-55 giinliik) prepubertal periyot
boyunca diisiik ve yiiksek dozda (2,5 mg/kg, 7,5 mg/ kg)
apilarnil verilmis gelisme performansi, testikiiler agirhk,
sekonder esey karakterleri, kan lipidleri ve testosteron
seviyesi analiz edilmistir (Altan ve ark., 2013). Apilarnil,
bireylerde gelisme performansi {izerine pozitif bir etki
gostermemigstir. Biyokimyasal ac¢idan, kan glikozu ve
kolesterolii diistirmiistiir. Testikiiler agirlik, testosteron
seviyesindeki artig, erken agamalarda eseysel olgunlagsmay1
stimiile ettigi sonucuna varilmustir. Ikincil eseysel
karakterlerdeki stimulasyon disilerde goézlenmemistir.
Benzer sekilde Yiicel ve ark. (2011)’nin 21 giinliik erkek
bireylerde yaptigr arastrmada da erkek ar1 larvasinin
androjenik etki gosterdigi belirlenmistir. Bu caligmalara
benzer olarak farelerde tetramethrine ile indiiklenen
toksisiteye karst bir ar1 irlinii olan propolisin aktif
komponentlerinden biri olan caffeic acid phenethyl esterin
karacigerdeki koruyucu rolii gosterilmistir (Nur ve ark.,
2016). Ancak 6nemli bir ar1 tiriinii olan Apilarnil ile ilgili
yapilan bilimsel ¢aligmalar smirli olup halen baslangic
asamasindadir.

Sepsisin yiiksek mortalitesi, her y1l vaka sayisindaki artig ve
preklinik/klinik arastirma sonuglarma gére modern tibbin
dikkatini gekti. Apilarnil, son yillarda iizerinde arastirmalar
yapilan yeni bir ar1 tiriinii olmakla birlikte bu 6nemli dogal
bilesigin etkileri ile ilgili yapilan ¢alismalar yetersizdir. Bu
calismanin amaci, LPS'nin sican bobrek hiicreleri
iizerindeki  akut  toksisitesini = DNA  yapisinda
degerlendirmek ve Apilarnil dozunun LPS'nin neden
oldugu Dbobrek hasar1 iizerine koruyucu etkisini
aragtirmaktir.
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2. Materyal ve Metod
2.1. Kimyasallar

Lipopolisakkarit (Escherichia coli LPS, serotip 0127: B8)
Sigma Aldrich'ten alindi, Apilarnil Erciyes Universitesi
Ziraat Fakiiltesinde iiretilmistir. Bu ¢alisma igin kullanilan
dozlar daha oOnceki c¢aligmalara gore belirlenmistir
(Doganyigit ve ark, 2013; Altan ve ark., 2013).

2.2.Hayvan Gruplandirma ve Uygulama

Bu calisma icin etik kurul onay1 Erciyes Universitesi Hakan
Cetinsaya Deneysel ve Klinik Arastirma Merkezi
(DEKAM)’nde almmistir. Arastirmada erkek Sprague-
Dawley si¢anlar1 kullanildi (yaklasik 300-320 gr agirlik).
Sicanlar, uygulamadan 10 giin once karantina altina
almmisti. Sicanlar 6zel kafeslerde, standart laboratuvar
diyetlerinde tutuldu ve su ile beslendi. Kontrol ve uygulama
grubu olarak 8 grup olusturuldu: Kontrol grubu herhangi bir
kimyasal madde verilmedi. Sicanlar oda sicakliginda 22430
°C'de, 12 saat 151k, 12 saat karanlik fotoperyodu altinda
tutuldu. Deney grubuna tek doz LPS intraperitonel (ip) 30
mg/kg viicut agirligi verildi. Artan apilarnil dozlar1 oral
olarak 0,2 g/kg, 0,4 g/kg ve 0,8 g/ kg olarak verildi. Alt1
saatlik uygulamadan sonra siganlar sakrifiye edildi ve
deneysel ¢aligmalar i¢in siganlarm bobrekleri alindi.

2.3.Komet Testi ile DNA Yapisinin Degerlendirilmesi

Dokular nester ile 1 gr ince dilimlerle ayrildi. 5 ml soguk
fosfat tamponu behere aktarildi ve 500 rpm'de 1 dakika
karistirildi. Slaytlar, ince bir agaroz jeli (%0,5) ile kaplandi
ve hiicrelerin daha iyi tutulmasi i¢in gece boyunca
donduruldu (+4 °C). Siipernatan, hiicre siispansiyonu olarak
kullanildi. Hiicre siispansiyonu, 100 ml diigiik erime noktali
agaroz (FTT'de %0,8) ile karigtirildi. Bu karigimm 100 ul'si,
slaytlara kaplandi, boylece kaplanmis slaytlar {izerine hava
kabarcig1 olmadan yayilim saglandi. Hiicre siispansiyonu,
donmas: i¢in 20 dakika boyunca buzdolabinda saklandi.
Lamel daha sonra slaytlardan dikkatlice kaldirildi
Kaplanmis slaytlar, 2-9 dakika boyunca lizis tamponuna
yerlestirildi (0.045M TBE, pH: 8.4, %2,5 SDS). Buradan
cikan slaytlar 2 dakikalik bir elektroforez c¢ozeltisine
yerlestirildi. Elektroforezden sonra slaytlar 60 pl (20 pg/ml)
etidyum bromiir ¢ozeltisi ile boyandi (Pandir, 2019).

2.4 Veri Analizi

Bu ¢alismada kullanilan istatistiksel veriler, Windows SPSS
11.0 bilgisayar programinda tek yonlii varyans analizi
(ANOVA) ve Tukey testi ile degerlendirildi. P<0.05 degeri
istatistiksel olarak anlamli kabul edildi.

3. Bulgular
3.1. DNA yapisindaki degisiklikler

DNA hasari, kuyruk yiizde DNA’s1, kuyruk uzunlugu ve
kuyruk moment ile belirlendi. Komet testinde, kontrol
grubu ile artan  apilarnil uygulama  gruplari
kargilagtirildiginda DNA hasar1 olmadigi tespit edildi
(Tablo 1) (Sekil 1).

LPS uygulamasinin sonucu olarak, birincil DNA hasar1
olustugu Komet testi ile tespit edilmistir. DNA hasari,
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kontrole kiyasla tiim uygulamalarda istatistiksel olarak
anlamlidir. LPS uygulamasi, bobrek hiicrelerinde kuyruk
DNA yiizdesini ve kuyruk uzunlugunu o6nemli Olgiide
arttirdr. Ozellikle 30 mg/kg'lik dozda kontrole kiyasla 2
katlik bir artis gozlenmistir (Tablo 1).

Artan apilarnil uygulamasmin bobrek dokusunda DNA
hasarim azaltmigtir. Bobrek dokusunda LPS + 0,2 g/kg
apilarnil-, LPS + 0,4 g/kg apilarnil-, LPS + 0,8 g/kg
apilarnil-uygulanan gruplarda, DNA hasarmi gosteren
kuyruk ylizde DNA’s1, kuyruk uzunlugu ve kuyruk moment
degerleri 6 saat sonunda istatistiksel olarak Snemli bir
azalmaya neden olmustur (Sekil 1).

-

Sekil 1. LPS ve artan dozlarda apilarnil uygulanan siganlarin
bobrek hiicrelerinde DNA hasari. (A) Kontrol ve artan dozlarda
apilarnil uygulanan grup, (B) LPS uygulanan grup, (C) LPS+0,2
o/kg apilarnil uygulanan grup, (D) LPS+ 0,4 g/kg apilarnil
uygulanan grup, (E) LPS+ 0,8 g/kg apilarnil uygulanan grup.

Tablo 1. Komet analizi ile kuyruk yiizde DNA’si, kuyruk
uzunlugu ve kuyruk momenti ortalama degerleri

Kuyruk % Kuyruk Kuyruk
DNA+£SD uzunlugu+SD anitSD
ortalamast ortalamast ortalamasi
Kontrol 55.75+2.652 35.2548.22%  19.65+0.212
0,2g/kg 55.24+3.45%  33.20+2.65%  18.33+0.09%
apilarnil
0,4g/kg 57.23+6.24%  30.1243.028  17.23+0.182
apilarnil
0,8a0/kg 56.11+£2.022 31.2243.42%  17.51 £0.062
apilarnil
LPS 102.1+11.23>  65.05+11.35°  66.46+1.27°
LPS+0,2g/kg  85.12+£3.22¢  49.1245.22°¢ 41.81+0.16°
apilarnil
LPS+0,4g/kg  86.2422.01¢  49.1343.20° 42.35+0.7°
apilarnil
LPS+0,8g/kg  69.22+325¢  39.11+3.42¢  27.07+0.11¢
apilarnil

a b ¢ d p<).05 istatistiksel olarak gruplarm kendi icinde
anlamli farklilik gosterdigini belirtmektedir.
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4. Tartisma

Gram (-) bakteri hiicre duvarmin bir bileseni olan LPS,
laboratuvar hayvanlarinda deneysel endotoksemi iiretmek
icin yaygmn olarak kullamilir. LPS, Escherichia coli,
Salmonella  typhimurium,  Klebsiella ~ pneumoniae,
Pseudomonas aeruginosa gibi bircok gram-negatif
bakteriden elde edilmesine ragmen, en ¢ok E. coli'nin O26:
B6, 055: B5, O111: B4 farkli serotiplerinden LPS elde
edilmektedir. LPS ile septik sok yapilarak metabolik,
immiinolojik, fizyolojik, toksikolojik ve farmakolojik
caligmalar yiiriitiilmektedir. Yapilan caligmalar
incelendiginde, uygulanan dozun 1 ila 100 mg/ kg arasinda
genis bir doz araligina sahip oldugu gozlenebilir (Kalaz ve
ark., 2016; Blaszcyk ve ark., 2015). Bu ¢alismada, E.
coli'nin O55:B5 serotipi LPS i¢in kullanildi ve 30 mg/kg
viicut agirligi LPS ve artan dozlarda apilarnil antioksidan
olarak kullanilarak, sigan bobreklerinde alt1 saat sonunda
DNA yapis1 degerlendirildi.

Genel olarak, serbest radikaller, elektron kaybeden bir
oksijen atomu igeren molekiillerdir. Bu durum molekiillerin
dengesiz ve reaktif hale gelmesine neden olur. Yani, bu
molekiiller etraflarindaki diger molekiillerin elektronlarma
yiiksek bir afinite gosterirler. Ornegin, bu molekiiller DNA
ile etkilesime girerek fonksiyon bozukluguna, mutasyona
ve kansere yol agar (Yerer ve Aydogan, 2000). Serbest
oksijen gruplari, niikleik asitlerde yapisal degisikliklere ve
kromozomlarda mutasyonlara neden olur. (Kaneko, 1980;
Comporti, 1993). ROS kaynakli DNA hasari, tek veya ¢ift
sarmalli DNA hasarma, piirin, pirimidin veya deoksiriboz
modifikasyonlarma ve DNA’nin ¢apraz baglanmasina
neden olur (Valko ve ark., 2006). Ayrica, DNA hasari,
transkripsiyonun durdurulmasina veya indiiklenmesine,
sinyal iletim yolaklarmin indiiksiyonuna, replikasyon
kusurlarma ve karsinojenez ile baglantii genomik
dengesizlige neden olabilir (Dizdoroglu ve ark., 2002;
Marnett, 2000). Bu ¢alismada, LPS grubu ve kontrol grubu
6 saatin sonunda karsilastirildiginda, LPS ile muamele
edilen gruptaki siganlarm bdobrek dokularinda kuyruk DNA
yiizdesi, kuyruk uzunlugu ve kuyruk momentinde 6nemli
bir artis oldugu tespit edilmistir. Artan dozlarda
LPS+Apilarnil uygulanan gruptaki koruyuculuk LPS
uygulanan gruba gore bobrek dokusunda daha fazla oldugu
goriilmiistiir.

5. Sonug

Yiiksek sepsis mortalitesi, her yil vaka sayisindaki artis ve
preklinik/klinik  arastirmalarm  basarisizlik  sonuglari
modern tibbi sorgulamaya devam etmektedir. Sepsiste
antimikrobiyal ve destekleyici tedavilere ek olarak
kanitlanmis ¢ok az ajan vardir. Mevcut sinirlarin iizerindeki
mortalite oranlarmi azaltmak i¢in sistemik bir enflamatuar
yanit sendromu olan sepsis ile ilgili arastirmalara acil
ihtiya¢ vardir. Sepsis fizyopatolojisi olduk¢a karmasik
oldugu i¢in, molekiiler biyolojideki olaganiistii gelismeler
de sepsis alanina yansimistir ve bu karmasik islemdeki
birgok nokta daha anlasilir hale gelmistir. Bu ¢aligmada,
artan apilarnil dozlari, sicanlarda LPS kaynaklh
nefrotoksisite ile 6nemli 6l¢iide azaltilmistir, fakat tamamen
korunmamistir. Buna ragmen, antioksidanlarin veya
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bunlarm septik enfeksiyonlara yonelik kombinasyonlarinin
ve bunlarin zararlarmm onleyici etkisini bulmak i¢in daha
fazla calisma yapilmali ve boylece dliimler azaltilmalidir.
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Abstract: Hepatocellular carcinoma (HCC) is inflammation-related cancer, and the 4" leading cause of death globally. Neopterin
is an instant biomarker of the cellular immune response and belongs to the pteridine class. The levels of neopterin are believed to
be very closely linked with the tumor size in patients with HCC. Various studies have proven that neopterin can modulate the
cellular oxidant-antioxidant balance, thus causing cell toxicity. In this study, we investigated the cytotoxic effects of neopterin
alone and in combination with two of the known cytotoxic agents of doxorubicin and cisplatin together with vitamin C, a well-
known antioxidant agent. SNU-449, Hep3B, Mahlavu, and PLC/PRF/5 HCC cell lines were used in this study. Our results showed
that increasing concentrations of neopterin does not have any significant effects on the cytotoxicity while as expected the three
other agents decrease the viability of all subjected cell lines. SNU-449 is the most resistant HCC cell line among others. Considering
the effectivity of combinational therapy in cancer patients, the effect of various combinations of neopterin with doxorubicin,
cisplatin and vitamin C on the viability of the most resistant cell line of SNU-449 has been investigated. We found that the addition
of cisplatin to the combination of neopterin and vitamin C, causes a greater decrease in cell viability of SNU-449 cells compared
to the dual therapy with neopterin and vitamin C, while the addition of doxorubicin to the same dual therapy, leads to a decrease
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in the effectivity of it.
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1. Introduction

Hepatocellular carcinoma (HCC) is inflammation-related
liver cancer, with a high recurrence rate and poor long-term
survival. HCC is considered as the 4™ most common cancer,
and the 2" leading cause of death amongst cancer cases,
globally. (Mazzanti et al.,2016) Conventional cytotoxic
chemotherapies such as the use of sorafenib, cisplatin, and
doxorubicin have not provided clinical benefits or
prolonged survival for patients with advanced HCC. Beside
its complications; surgery, including transplantation and
resection, remains the most effective treatment for HCC.
(Daher et al., 2018) In a recent study, it has been suggested
that vitamin C preferentially kills HCC cancer stem cells.
(Lv et al.,, 2018) Current advances have shown that
combinational therapy may be more effective than using
just a single chemotherapeutic approach in cancer
management. But even these combination therapies are
effective only on a small number of tumors, and the
responses are not promising. (Jindal et al., 2019) Therefore,
scientific researches are now focusing on discovering novel

© EJBCS. All rights reserved.

chemotherapeutics with molecular
management of HCC.

targets for the

It is very well known that inflammation plays an important
role in pathogenesis and progression of HCC by mediating
cellular survival and metastasis. Studies have revealed that
the inflammation status and relevant molecules are
becoming popular targets of drug discovery. (Capece et al.,
2013) (Lewis and Merched, 2014) Recently, attention has
been drawn to the role of neopterin in the already
established relation between inflammation and HCC. It is
believed that, the levels of neopterin are very closely linked
with the tumor size in these patients. (Antoniello et al.,
1992) (Godai et al., 1994)

Neopterin and its derivatives are metabolites of guanosine
triphosphate and are produced by the human monocyte-
derived macrophages upon stimulation with y-interferon.
Various studies have suggested that neopterin derivatives
belonging to pteridine family can modulate the redox
balance of the biological systems. (Huber et al., 1984)
Generally, the reduced pteridine species are scavengers of
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free radicals while the oxidized forms act as weak to strong
enhancers of oxidative stress. For instance, neopterin
derivatives can play a substituent role as an immune
modulator in nitric oxide generation and other oxygen
radical-mediated processes. 7,8-Dihydronepterin has shown
to be a potential free-radical scavenger both in-vivo and in-
vitro studies. (Hoffmann et al., 2003) However, besides the
redox state of neopterin derivatives other factors such as the
composition of the culturing medium, can change the type
of biochemical role played by neopterin derivatives in
biological systems. Some studies showed that neopterin
activates tumor necrosis factor-alpha-induced apoptosis
through oxygen radical-mediated processes. (Hoffmann et
al., 1998) However, the effects of neopterin on the HCC
cells are not yet understood. Given that combinational
therapies may have higher effectivity in cancer
management, in this study; four different HCC cell lines of
SNU-449, Hep3B, Mahlavau and PLC/PRF/5 have been
subjected to cellular cytotoxicity test (MTT analysis) after
being treated with neopterin and its various combination
with chemotherapeutics such as doxorubicin, cisplatin and
a well known antioxidant, vitamin C.

2. Materials and Method

2.1. Cell Culture and chemicals

HCC cell lines (SNU-449, Hep-3B, Mahlavau and
PLC/PRF/5) were kindly provided by Prof. Dr. Mehmet
Oztiirk (Izmir Biomedicine and Genome Centre). All cell
lines were maintained in DMEM supplemented with 10%
FBS, 100 U/mL penicillin, 2 mM L-glutamine, 100 mg/mL
streptomycin and 1X NEAA, at 5% CO at 37 °C. Neopterin
(25 pM-500 uM), doxorubicin (2 uM and 60 uM), cisplatin
(10 uM and 50 pM) and vitamin C (1mM) treatments were
carried out along 48-h for all the viability experiments.

2.2. MTT assay

Cells were seeded in a 96 well plate. After overnight
incubation, they were treated with different concentrations
of neopterin, doxorubicin, cisplatin and vitamin C
containing medium. For MTT, following 48-h treatment,
0.5 mg/mL MTT (Thiazolyl Blue Tetrazolium Bromide)
was added to the medium. After the formation of formazan
crystals, medium was removed, and formazan crystals were
dissolved with 100 pL. DMSO. Absorption of solution was
measured at 570 nm. The cell viability was calculated as
viable cell percentage.

2.3. Statistical analysis
Experiments have been carried out three times,
independently. The results were reported as mean + SE for
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three repetitive analysis. One-way ANOVA test was used
for data analysis. p< 0.05 was considered as statistically
significant. All the analyses were performed using
GraphPad Prism 5 software.

3. Results

3.1. The effect of different concentration of neopterin on
the viability of different HCC cell lines

All the HCC cell lines, SNU-449, Hep3B, Mahlavu and
PLC/PRF/5, have all been mixed with neopterin in a
concentration range of 25 uM-500 uM. As shown in Figure
1, within the chosen range, none of the neopterin
concentrations had any statistically significant effects on the
proliferation and viability of any of the subjected cell lines.

The effect of neoptarin on the viability of different HCC cel ling
SNU-449
Hep3g
Mahlavu
B PLC/PRE/S

Cell viability (%)

Neopterin (uvi) - 25 50 250

Figure 1. The effect of increasing neopterin concentrations (25uM-
500 uM) on the viability of different HCC cell lines.

3.2. The effect of different concentrations of cisplatin,
doxorubicin and vitamin C on the viability of HCC cell
lines

Based on the American Cancer Society, cisplatin and
doxorubicin are among the most commonly used
chemotherapeutics in the treatment of liver cancer.
Scientists have recently reported the possible cytotoxic
effect of vitamin C on HCC cancer stem cells (Lv et al.
2018). In this study the effect of different concentrations of
cisplatin (10pM and 50puM), doxorubicin (2uM and 60uM),
and vitamin C (LmM) treatment on the viability of SNU-
449, Hep-3B, Mahlavau and PLC/PRF/5, has been
investigated. A drastic decrease in the viability of all the cell
lines has been noticed with 50 uM cisplatin (***p<0.0001,
**p<0.001). On a sensitivity scale, SNU-449 was the least
and PLC/PRF/5 was the most sensitive cell line to
doxorubicin treatment (***p<0.0001, *p<0.01,
respectively). As expected, vitamin C caused a decrease in
cell viability of SNU-449, Mahlavau and PLC/PRF/5
(***p<0.0001) (Fig. 2a, 2b, 2c).
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The effect of cisplatin on the viability of different HCC cell lines

T
50

=
o | |
T ||
N
a
20 .
o

o s0 o s in

Cell viability (%)

Cisplatin (M) 050

(@)

| =i

Eurasian J Bio Chem Sci, 2(Suppl 1):115-119, 2019

The effect of doxarubicin on the viability of different HCC cell lines
12

w |

SNU-444 SNU-440
Hep3B Hep3R
W mahlavu B Mahlaw

W LTRSS

Cell viability(%)

Doxorubicin () 0 . 2 . oz . 2

(b)

The effect of vitamin C an the viability of Different HCC cell line

W N
a0
m I
o
s —t
R

Vitamin C {1mm)

SHU-449
Hep3g:
W Mahlavu
W PLOPRRS

Cell viability(%)

(©
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3.3. The effect of combinational exposure of neopterin
with doxorubicin, cisplatin and vitamin C on SNU-449 cell
line.

Even though the SNU-449 cells have sensitivity to vitamin
C, it is still resistant to doxorubicin and cisplatin. In search
of new therapeutic approaches, the effect of neopterin on the
viability of SNU-449 as in combination with doxorubicin,
cisplatin and vitamin C has been investigated. Our results
revealed that neopterin significantly protects the cells from
the cytotoxicity of cisplatin treatment especially at higher
concentration (***p<0.0002, *p<0.01) (Fig. 3a). However,
neopterin did not potentiate the cytotoxic effects of neither
vitamin C nor doxorubicin (Fig. 3b, 3c)

3.4. The effect of cisplatin and doxorubicin in
combination with vitamin C and neopterin on SNU-449
cell line.

Eventually, the effect of cisplatin in combination with
vitamin C and neopterin on the viability of SNU-449 was
analyzed. The results revealed that the addition of cisplatin
enhances the cytotoxic potency compared to double
combinational therapy with vitamin C and neopterin
(***p<0.001) (Fig. 3c and Fig. 4a). With the same logic the
effect of doxorubicin in combination with vitamin C and
neopterin on SNU-449 has been investigated. When
doxorubicin was added to the combination of vitamin C and
neopterin, a decrease in cytotoxic potency compared to
double  combinational therapy has been found
(***p<0.001,*p<0.01) (Fig. 4b and 3b).

4. Discussion

Although previous studies have reported neopterin to be an
inducer of programmed cell death via the mediation of
oxidative stress, to the best of our knowledge this is the only
study analyzing the effect of neopterin and its combinations
on the viability of different HCC cell lines. (Hoffmann et
al., 2003) (Baier-bitterlich et al., 1995) Based on the
American cancer society, cisplatin and doxorubicin are two
of the main chemotherapeutics used in the management of
liver cancer. Moreover, some studies have also shown that
vitamin C has the ability to induce anticancer activity in
various cell lines. (Alexander et al., 2013)(Yiang et al.,
2014) Our results showed that neopterin alone has no
significant effect on the viability but vitamin C significantly
decreases the viability of all the analyzed HCC cell lines.
Besidesits sensitivity to vitamin C treatment, SNU-449 still
remained the most resistant analyzed cell line of this study.
Due to the growing focus on thecombinational therapy of
cancer the effect of neopterin in various combination with
cisplatin, doxorubicin and vitamin C on the viability of the
resistant SNU-449cell lines have been then investigated. In
double combinational therapy with neopterin and cisplatin,
it has been noticed that at high concentrations neopterin
protects the SNU-449 cells against the cytotoxic effects of
cisplatin. Interestingly, the double combinational therapy of
neopterin and vitamin C still, lead to the maximum amount
of decrease in cell viability of SNU-449. However, this
decreased in cell viability did not have any significant

118

Eurasian J Bio Chem Sci, 2(Suppl 1):115-119, 2019

difference compared to the single therapy with vitamin C.
For this reason, the triple combinational therapy of
doxorubicin and cisplatin in combination with neopterin
and vitamin C has been analyzed, independently. The
addition of cisplatin lead to an increased cytotoxic potency,
while the addition of doxorubicin caused a decrease in the
cytotoxic potency of vitamin C and neopterin combinational
therapy. Based on our results, neopterin can show a dual
activity both as inducer and inhibitor of apoptosis
depending on the cell line and the cytotoxic agents that it is
used in combination with. In further studies, we are
planning to analyze the underlying molecular mechanism of
the effects of neopterin with a focus on the signaling
pathways.

5. Conclusions

The results of this study, highlights the dual activity of
neopterin both as hepatoprotective and hepatotoxic agent
dependent on the type of cell line and the combinational
therapy. However, further in detailed studies are required to
fully clarify this dual biological activity of neopterin, and its
potentail future use in HCC management.
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