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Research article / Aragtirma makalesi

Metisilin direngli Staphylococcus aureus (MRSA) enfeksiyonu i¢in hizli uyari
sistemi

Ayfer Cetin' "/, Ahmet Koluman™

! pamukkale University, Faculty of Technology, Biomedical Engineering Department, 20160, Denizli, Turkey

Oz

Bu caligma, farkli kontaminasyon seviyelerindeki MRSA’nin tespit siiresi lizerine tasarlanmistir ve ¢alismada firsatgr patojen
hastane enfeksiyonlar1 arasinda yer alan MRSA tespitine yonelik hizli bir tespit sistemi olugturulmustur. MRSA tespiti yiiksek ve
orta yogunluklu iiremenin oldugu sivi besiyerlerinde sekiz saatin sonunda gergeklestirilmistir. Tiim yogunluklardaki {iremenin
oldugu s1v1 besiyerlerindeki MRSA tespiti iSe on saatin sonunda gergeklestirilmistir. Eppendorf”lar deneyden 24 saat sonra tamamen
renk degistirmistir. Caligmada kalitatif ve kantitatif sonuglara bu tespit sistemiyle ulagilmigtir. RGB sensdrii kalitatif sonug tespitinde
pozitif sonugta yesil yanarken negatif sonugta ise sensoriin kirmizi yandigi gézlemlenmistir. Sonuglarin kantitatif verileri Arduino
Programi’nin Seriport ekrani araciligiyla izlenmistir. Calismada tasaris1 yapilan sistemin MRSA tespiti hizl, spesifik, tutarl, diisiik
maliyetli, tecriibeli teknik eleman gerektirmeyen ve ayn1 zamanda PCR testi yapilmadan once tarama testi olarak kullanilabilecek
bir sistem olarak kabul edilmistir.

Anahtar kelimeler: Arduino Programu; biyosensor; hizli tespit yontemi; metisilin direngli Staphylococcus aureus (MRSA)

A rapid alert system for methicillin resistant Staphylococcus aureus (MRSA)
infection

Abstract

This study was designed on the detection time of MRSA at different contamination levels and in this study, a rapid alert system
was established for the detection of MRSA, which is among the opportunistic pathogen nosocomial infections. MRSA detection
was realized in broths with high and moderate growth at the end of eight hours. However, MRSA detection in broths with growth
at all densities was performed after ten hours. After 24 hours of the experiment, colors of the Eppendorf’s were completely changed.
In the study, qualitative and quantitative results were achieved with this detection system. It was observed that the RGB sensor was
lit in green for the positive result in the qualitative result detection, while the sensor was lit red for the negative result. The
quantitative data of the results were monitored through the Seriport screen of the Arduino Program. The MRSA detection of the
system designed in the study was accepted as a fast, specific, consistent, cost-effective and non-experienced technical staff required
system that can be used as a screening test before the PCR test is performed.

Keywords: Arduino Program; biosensor; methicillin resistant Staphylococcus aureus (MRSA); rapid detection method
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A. Cetin & A. Koluman
1. Giris

Hayvanlarin ve insanlarm {iriner sistem, yumusak doku,
deri ve kemik yapilarinda Staphylococcus  cinsinde
smiflandirilan  bakterilerin  enfeksiyonlara sebep oldugu
belirlenmistir. Staphylococcus gram pozitif bir bakteri olup,
yasam alanlarimizda da oldukca yaygindir (Appelbaum 2006;
Cadena ve ark., 2016). Hastane enfeksiyonu (HE) olarak tabir
edilen nozokomiyal enfeksiyonlarin en 6nemli nedenlerinden
biri oldugu kabul edilmektedir.

Hastane kosullarinda bulasan mikroorganizma kaynakli
olusan  enfeksiyonlar  “Hastane  Enfeksiyonu”  olarak
adlandirilmaktadir. Enfeksiyonlarin sebep oldugu hastaliklar
gdz oOniline alindiginda, bu hastaliklarin en fazla hastane
enfeksiyonlarindan kaynaklandigi belirlenmistir. Centers for
Disease Control and Prevention (CDC) hastane enfeksiyonunu
hastanin hastaneye yattig1 anda inkiibasyon siiresinde olmadig,
enfeksiyon bulgular1 tasimadigi ve hastane ortaminda enfekte
oldugu durum olarak tanimlamistir. Hastane enfeksiyonlarinin
genellikle hastanin hastane yatisindan 48-72 saat sonrasinda
ortaya cikabilecegi, ya da hastanin taburcu olmasindan 10 giin
sonrasia kadar belirlenebilecegi bildirilmistir (Vincent 2003;
Sousa ve ark., 2011).

Kiiresel olarak bakildiginda, hastane enfeksiyonlarinin
hasta kaybina yonelik problem teskil ettigi belirlenmistir.
Gelismis iilkelerde, hastanedeki hastalarin %5-10"unda hastane
enfeksiyonu olugabilmektedir. Bu oran gelismemis iilkelerde ise
%25’e kadar ¢ikabilmektedir (Fridkin ve ark., 1997).

Hastane enfeksiyonlar1 sadece hastay: degil, refakatci ve
saglik calisanlarmi da etkiler. Morbidite ve mortalitede artis,
yasam kalitesinde diisiis, maliyet ve liretkenlik kaybi, hastanede
kalis sliresinde uzama gibi birgok sorun hastane enfeksiyonu ile
ortaya ¢ikmaktadir (Fridkin ve ark., 1997; Vincent, 2003).

Vakalarin ¢ogunun tedavisi kolaydir. Ancak vakalarin bir
kisminda osteomiyelit, toksik sok sendromu, bakteriyemi, septik
artrit ve endokardit gibi bazi invaziv enfeksiyonlar tetiklenebilir
ve ortaya ¢ikabilecek komplikasyonlar hastanin yatarak tedavi
olmasma sebep olabilir. Viicutta ortaya ¢ikan patojen
enfeksiyonlar antibiyotik tedavisiyle giderilebilir (Appelbaum,
2006; Becker ve ark., 2015; Cadena ve ark., 2016).

Staphylococcus aureus penisilin direncinin penisilinin
tedavide kullanilmaya baslanmasiyla gelistigi belirlenmistir.
Metisilin gibi penisilinaza direngli antibiyotikler penisilin
direncini yenmek iizere kullanilmaya baslansa da, S. aureus
suslarinda metisiline karst direng ortaya ¢ikmistir. Raporlara
bakildiginda, metisilin direncine bagli olarak Staphylococcus
enfeksiyonlarinin tedavisinde beta laktam antibiyotiklerinin
kullanilamadig1 anlagilmaktadir. Glikopeptid olan vankomisin
MRSA (metisilin direngli Staphylococcus aureus) enfeksiyon-
larinin tedavisinde uygulanilmistir. 2002 y1l1 itibariyle S. aureus
vankomisine direng gostermeye baglamigtir. Bu bilgiler 15181nda
Staphylococcus enfeksiyonlar1 tedavisinin daha da giiglestigi
bildirilmistir (Weems, 2001; Becker ve ark., 2015).

MRSA enfeksiyonlarinda ¢oklu antibiyotik direncinin
olugmasi tedavi siiresini uzatmaktadir., MRSA enfeksiyonu
genellikle hastane ortaminda yayilmaktadir. Hastalar veya
saglik calisanlar1 MRSA enfeksiyonunu hastane ortamina
tagimaktadirlar.  MRSA enfeksiyonuna sebep olarak, kisinin
hastanede yatmasi, hastayla temasinin olmasi, ya da kronik
hastalik 6ykdsii riski arttirmaktadir (Weems, 2001).

Hastane ortamimda MRSA miicadelesinde tedavi siirecinin
hemen baglanmasi bu tiir nedenlerden kaynakli 6nemli bir adim
olugturmaktadir. Erken tespit ile MRSA enfeksiyonunda
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tedavinin hemen baglatilmasi, insidansta da azalma
yaratmaktadir (Hidron ve ark., 2005).
Bu c¢alismada, MRSA ig¢in hizli tespit sisteminin

gelistirilmesi amaglanmigstir. MRSA taramasina yonelik besiyeri
kullanilan kiiltiire dayali yontemlerin iki ve dort giin arasinda
sonuglandigi bilinmektedir (Cadena ve ark., 2016). Bu siire uzun
oldugundan,  kontrole  yonelik  bulunacak  onlemler
gecikmektedir. Bu calisma kapsaminda bakterilerin gelisme
diizeyleri metisilin igeren 6zel besi ortamlarinda gdézlenmistir.
Veriler yardimiyla yapilan hizli tespit sistem optimizasyonunun
ardindan, s6z konusu sistem icerisinde hastane Orneklerinin
analiz etmek tizere bir sistem diizenegi kurulmustur.

2. Gereg¢ ve yontemler

Onceden hazirlanan BHI (Brain Hearth Infusion) brothun
icine S. aureus (ATCC 29213) ekilerek iiretilmis BP (Baird
Parker) agardan tek koloni edinilerek pasajlama yapilmis, iireme
icin 37 °C etiivde 24 saat bekletilmistir. BHI besi ortamina
pasajlanan tiiplerden mevcut zenginlestirmeden Sekil 1’de
gosterilen seri diliisyonlar yapilarak susun logaritmik seviyesi
tespit edilmistir. Ekimler yirmi dort saat etiivde bekletildikten
sonra, sayilmak iizere siyah zeminde ters olarak yerlestirilmis,
ayni numaralar althi {istli ayarlanmis ve koloniler sayilmistir.
Farkli seker iceren tiipler 6nceden hazirlanmis bu tiiplere
pasajlama iglemi yapildiktan sonra etiivde inkiibasyona
birakilmigtir. Bu amagla kullanilan sekerler ayr1 ayr1 hazirlanmis
olup ayrmtili bilgi asagida verilmistir;

e %1 glikoz (Sigma G8270-100G), galaktoz (Sigma G0750-
100G), fruktoz (Sigma F0127-100G)

%?2 glikoz, galaktoz, fruktoz

%3 glikoz, galaktoz, fruktoz

Toplam 9 grup olusturulmustur.

Oncelikle %1, %2 ve %3 oraninda fruktoz igeren sekizer
adet peptonlu su hazirlanmistir. Seri diliisyonlar yapilmistir.
Laminar kabinde yiizdelik oranlar ig¢in 16 tane PCA ¢ift sirali
olacak  sekilde sekiz sulandirma seviyesine  kadar
numaralandirilmis ve dizilmistir.

Ik petriye ekim yapilmak igin bir numarali %1 fruktoz
soliisyonundan 100 mikrolitre alimmigtir. Daha sonra 100
mikrolitre daha alinip 2. siradaki 1 numarali petriye ekim
yapilmistir. Her numara i¢in iglem tekrarlanmistir. Bu islemin
tamami %2 fruktoz, %3 fruktoz, %1 galaktoz, %2 galaktoz, %3
galaktoz, %1 glikoz, %2 glikoz ve %3 glikoz seker testleri i¢in
ayr1 ayr1 yapilmuistir.

Belirlenen uygun seker karigimma renk indikatori
eklenmistir. Icerik 100 ml distile su icin %0,33 glikoz, %0,33
fruktoz, 3,7 gr BHI, %0,33 galaktoz, 0,01 gr Fenol Red veya
Brom Creosol Purple olarak belirlenmistir. Homojenizasyonu
takiben Eppendorf’lara mikroorganizmalar eklenerek etiivde
inkiibasyona birakilmistir.

Bu amagcla sekiz farkli mikroorganizma hazirlanan broth
ortamma konulmustur. Bakteriler 37 °C’de inkiibasyona
birakilmiglardir ve bakterilerin 2 saatte bir sistemden 6l¢limii
almmustir. Secilen bakteriler asagidaki sekildedir; Enterococcus
faecalis ATCC 29212, Pseudomonas aeruginosa ATCC 24853,
Escherichia coli ATCC 25922, S. aureus ATCC 29213,
Staphylococcus epidemidis ATCC 12228, Bacillus subtilis
ATCC 6633, Listeria monocytogenes ATCC 19115 ve Proteus
mirabilis ATCC 1245.
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i i

9 ml MRD 9mIMRD  9mIMRD  9mIMRD  9mIMRD 9 miMRD
‘ Samik Kontrol ‘
BP Agar ‘

/\/\/\/\f\f\m

Sekil 1. Seri diliisyonlar ve susun giiciiniin belirlenmesi.

2.1. Optik donanimuin tasarimi ve programlanmasi

Sekil 2’ de devre baglantilar1 goriilmektedir.

. XL
|l

]
>

Loutnpuy

Sekil 2. Devrenin semasi.

Caligmadaki TCS3200 sensorii, bir frekans-akim
doniistiiriiciisii ve fotodiyotlar sayesinde renklerde ayirim
olusturur. Sensdr, yansiyan 15181n siddetiyle orantili bir frekansta
kare dalga iiretir ve bu kare dalga kullanilarak veriler almur.
RGB ledinin ¢aligma prensibi asagidaki sekildedir. Pozitif ucuna
5 V baglaninca mavi, kirmizi ve yesil uglarindan yakmak
istedigimizin yolu nétr ile tamamlanir. Boylece + kutbundan
notre dogru giden elektronlarin yollar1 tamamlanir ve notr
baglanan led yanar.

Olgiiler kumpas kullanarak almip kutu tasarimi Solid
Works ile yapilmigtir. Kutu tasarlanip 3D yazic1 ile
bastirilmstir. Elde edilen dl¢iimler asagida verilmistir.
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Kutu: 70x70x70 mm

Pencere: 24,21x31,04x12,90 mm

Orta boliim: 62x4x38 mm

Orta Kisima yerlesecek par¢a 66x66 mm
Eppendorf deligi: 11,50 mm

Kapak Boyu: 70,50x70,50 mm

Kapak Alt Kisim: 65,85x65,85 mm

Kutu odlgiileri Sekil 3’te gosterilmistir.

KAPAK

BROTH YERLESIM YERI

KUTU GEPER KALINLIGI

2.00 mm

Sekil 3. Solid Works’te kutu ¢izimi.
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ISO 13485 standardina uygun bir sekilde Validasyon
islemi yapilmistir. Broth tasarlanip gerekli hazirliklardan sonra
4 adet Eppendorf’a alinmistir. Broth igine damlalar seklinde
eklenen HCl ile renk skalasi olugturulmustur. Elde edilen renkler
birbiri arkasindan sistemde test edilmistir. Ol¢iim sonuclarma
gore, RGB sensoriinden ve Arduino Seriport ekranindan alinan
sonuglar tutarli ve dogrudur. Sekil 4’te validasyon isleminde

kullanilan renkler verilmistir.

3. Asitlik seviyesi arttinldiginda pH 6,0 °

1. Hig islem gérmemis BCP

&
p]

2. Asitlik seviyesi arttinldiginda pH 6,8 4. Asitlik seviyesi arttinidiginda pH 5.5

Sekil 4. Renk skalasi.

1 numarali  Eppendorf Olgiimiinde  bakterisine
rastlanmamigtir. 1 numaraya sahip ornek kutuya koyulup
Olciimii alindiginda, RGB sensorii kirmizidir ve Seriport
ekraninda “MRSA TESPIT EDILEMEDI” yazis1 belirir.
Sonuglar Sekil 5’de gosterilmektedir.

Sekil 5. Bakterisiz renk skalasinda sistem cevabi.

iki numaraya sahip Eppendorf érneginde diisiik yogunluga
sahip MRSA déniisiim rengindedir. Kutuya konuldugunda RGB
sensorii yesil yanmis ve Seriport ekraninda “MRSA TESPIT
EDILDI. LUTFEN KLASIK KULTUR YONTEMI ILE
DOGRULAYINIZ” yazis1 goriilmiistiir. Sisteme ait sonuglar
Sekil 6’da verilmistir.

Uc¢ numarada orta
degisimindeyken teste alinmis,

yogunlukluu MRSA  renk
RGB sensorii yesil Seriport
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ekraninda “MRSA POZITIF. LUTFEN KLASIK KULTUR
YONTEMI ILE DOGRULAYINIZ” yazis1 belirmistir.

Dort numarada yiiksek yogunluklu MRSA i¢ermektedir.
Dort numara test edildiginde RGB sensorii yesil Seriport
ekraninda “MRSA POZITIF. LUTFEN KLASIK KULTUR
YONTEMI ILE DOGRULAYINIZ” uyarisi gozlemlenmistir.

Sekil 6. Bakterinin diisiik yogunlukta oldugu renk skalasinda sistem
cevabl.

2.2. Verifikasyon

Broth hazirlandiktan sonra 6 adet Eppendorfa
dagitilmigtir. Eppendorf’lar yogunluklarina gore diisiik, orta,
yliksek yogunluklu olarak 2’serli olarak smiflandirilmistir.
Brothlara bakteri bulastirma oranlar1 Tablo 1’°de bulunmaktadir.

Tablo 1
Brothlara bakteri bulagtirma diizeyleri.

Bulastirma Koloni Olusturan Logaritmik Bulastirma
Diizeyi Birim Sayisi Diizeyi (Kob/mL)
Diisiik 20 13

Orta 300 2,47
Yiiksek 1000 3

Brothlar daha sonra 37 °C’de etiivde iiremeleri igin
inkiibasyona birakilmigtir. Renk degisimi Iki saatte bir dl¢iilmiis
ve MRSA’nin bulastirilmis tespiti yapilmistir. Deney sabah
9:00’da baglamis, deneyin Sl¢iimleri ise 11:00, 13:00, 15:00,
17:00, 19:00, 21:00 ve 24 saatin sonunda ertesi giin 9:00’da
almmugtr.

3. Bulgular

Bu ¢alismanin amaci S. aureus 6zellikle MRSA igin hizh
tespite yonelik bir sistem olusturulmasidir.

3.1. Sayumin yapilmasi

Sayimlar yayma plak teknigi kullanilarak seri diliisyonlar
aracilifiyla yapilmistir. 24 saatin sonunda ekimler etiivden
alinarak, sayim i¢in siyah zemin iizerine ters bir sekilde ve aym
numaralar alth iistlii getirilerek yerlestirilmistir.

Arkasindan koloniler sayilmistir. Sayim sonucu Tablo 2’de
verilmistir.



A. Cetin & A. Koluman Front Life Sci RT 2(3) 2021 75-84

Tablo 2
Bakteri cinsi ve enerji kaynagina gore tespit siireleri sonug 6zeti.
Eklenen Seker Ekim Sonuglari
Kullamlan Seker Yiizdesi logzokob/mL Zaman
2. Saat 4. Saat 6. Saat
1% 2,903 5,361 5,361 7,602
1% 2,903 5,278 5,447 7,602
Glikoz 2% 2,903 5,954 6,301 7,903
2% 2,903 5,602 6,301 7,903
3% 2,903 5,361 6,301 7,903
3% 2,903 5,278 6,301 7,778
1% 2,903 3,146 5,301 6,698
1% 2,903 3,146 5,301 6,602
2% 2,903 3,973 5,698 6,301
Fruktoz
2% 2,903 3,792 5,301 6,176
3% 2,903 3,778 5,602 6,079
3% 2,903 3,778 5,602 6,204
1% 2,903 5,903 5,778 6,477
1% 2,903 5,778 5,698 6,602
2% 2,903 5,477 5,602 6,903
Galaktoz
2% 2,903 5,602 5,301 6,778
3% 2,903 5,079 5,778 6,698
3% 2,903 5,954 5,845 6,602
Kullanilan seker katkisina gore MRSA zaman/iireme dagilimi Seker katkilarina bagl ireme zaman grafigi
9
8 L —
=6 —— ' E;
g ; | ﬁ :
55 1 X i ]
£ ‘ z
N 4 J E 2:
2 % — 595 DO = 02
9 — 602
1 3 ot -
0 Bulastirma diizeyi 2. saat 4. saat 6. saat
Ureme Dagl"ml — %1 Glikoz ~=———%1Glikoz -———%2 Glikoz %2 Glikoz ~=———9%3 Glikoz = %3 Glikoz
— %1 Fruktoz %1 Fruktoz %2 Fruktoz =——9%2 Fruktoz %3 Fruktoz %3 Fruktoz
| |Glikoz-Kob/ml . Friiktoz-Kob/ml . Galaktoz-Kob/ml —— %1 Galaktoz —— %1 Galaktoz %2 Galaktoz %2 Galaktoz —— %3 Galaktoz —— %3 Galaktoz
Sekil 7. Kullanilan seker yiizdesine gore standart sapma grafigi. Sekil 9. Kullanilmis seker ylizdesine baglh ayrintili ireme grafigi.

Farkli sekerlere ait iireme dagilim

@ Eklenen seker yiizdesi Bulastirma diizeyi @ Eklenen seker yiizdesi 2. saat

Eklenen seker yiizdesi 4. saat @ Eklenen seker yiizdesi 6. saat

10

9

8

7

T 6
2

£ 5
©

£ 4
N

3

2

1

0

0% 1% 1% 2% 2% 3% 3% 4%
Seker oranlarn
Sekil 8. Kullanilan sekerin yilizdesine bagli tireme grafigi. Sekil 10. Renk indikatérlerinin 24 saat sonundaki degisimi.

79



A. Cetin & A. Koluman

Tablo 3

BCP indikatériiniin siire ve yogunluga bagli renk degisimleri.

Front Life Sci RT 2(3) 2021 75-84

Indikatér Cesidine Bagh Renk Degisimi

Bromcreosol Purple

Siire
10t 10? 10° 10 10° 10° 107 108 10°
0. Saat Mevcut Mevcut Mevcut Mevcut Mevcut Mevcut Mevcut Mevcut Mevcut
’ degil degil degil degil degil degil degil degil degil
2 Saat Mevcut Mevcut Mevcut Mevcut Mevcut Mevcut Mevcut Mevcut Mevcut
’ degil degil degil degil degil degil degil degil degil
Mevcut Mevcut Mevcut Mevcut Mevcut Mevcut
4. Saat Mevcut Mevcut Mevcut
degil degil degil degil degil degil
6. Saat Me\{(?ut Me\ic.ut ME\{C,Ut Mevcut Mevcut Mevcut Mevcut Mevcut Mevcut
degil degil degil
24, Saat Mevcut Mevcut Mevcut Mevcut Mevcut Mevcut Mevcut Mevcut Mevcut
Tablo 4
Phenol red indikatoriiniin siire ve yogunluga bagli renk degisimleri.
indikator Cesidine Bagh Renk Degisimi
. Phenol Red
Siire
10t 10? 10° 10 10° 108 107 108 10°
0. Saat Mevcut Mevcut Mevcut Mevcut Mevcut Mevcut Mevcut Mevcut Mevcut
’ degil degil degil degil degil degil degil degil degil
2 Saat Mevcut Mevcut Mevcut Mevcut Mevcut Mevcut Mevcut Mevcut Mevcut
’ degil degil degil degil degil degil degil degil degil
4. Saat Mevcut Mevcut Mevcut Mevcut Mevcut Mevcut Mevcut Mevcut Mevcut
’ degil degil degil degil degil degil degil degil degil
6. Saat Mevcut Mevcut Mevcut Mevcut Mevcut Mevcut Mevcut Meveut Meveut
’ degil degil degil degil degil degil degil
24, Saat Mevcut Mevcut Mevcut Mevcut Mevcut Mevcut Mevcut Mevcut Mevcut
Tablo 5
Spesifite test sonuglart.
Inkiibasyon Siireleri
Bakteri 2. Saat 4, Saat 6. Saat 8. Saat 24. Saat
Ad Renk Donanim Renk Donanim Renk Donanim Renk Donanim Renk Donanim
Degisimi Ol¢iimii Degisimi Olgiimii Degisimi Ol¢iimii Degisimi Ol¢iimii Degisimi Ol¢iimii
Ef;ggﬂc Renk MRSA Renk MRSA Renk MRSA Renk MRSA Renk MRSA
ATCC degisimi gozlemlen- degisimi gozlemlen- degisimi  gozlemlen- degisimi gozlemlen-  degisimi  gozlemlen-
25922 yok medi yok medi yok medi yok medi yok medi
Staphylo-
coccus Renk MRSA Renk MRSA Renk MRSA Renk MRSA Renk MRSA
epidemidis degisimi gozlemlen- degisimi gozlemlen- degisimi  gozlemlen- degisimi gozlemlen-  degisimi  gozlemlen-
ATCC yok medi yok medi yok medi yok medi yok medi
12228
Bacillus
subtilis Renk MRSA Renk MRSA Renk MRSA Renk MRSA Renk MRSA
ATCC degisimi gozlemlen- degisimi gozlemlen- degisimi  gozlemlen- degisimi gozlemlen-  degisimi  gozlemlen-
6633 yok medi yok medi yok medi yok medi yok medi
Listeria
mono- Renk MRSA Renk MRSA Renk MRSA Renk MRSA Renk MRSA
cytogenes degisimi gozlemlen- degisimi gozlemlen- degisimi tespit degisimi tespit degisimi  gozlemlen-
ATCC yok medi yok medi yok edilmedi yok edilmedi yok medi
19115
S EETe- Renk MRSA Renk MRSA Renk MRSA Renk MRSA Renk MRSA
cus faecalis o . . . . . . .. . S .
degisimi gozlemlen- degisimi gozlemlen- degisimi tespit degisimi tespit degisimi gozlemlen-
ATCC . . ; . : . .
29212 yok medi yok medi yok edilmedi yok edilmedi yok medi
Flioikne Renk MRSA Renk MRSA Renk MRSA Renk MRSA Renk MRSA
mirabilis o . . .. . .. . .. . .. .
degisimi gozlemlen- degisimi gozlemlen- degisimi tespit degisimi tespit degisimi gozlemlen-
ATCC . . ; . : . .
12453 yok medi yok medi yok edilmedi yok edilmedi yok medi
Pseudomo-
nas Renk MRSA Renk MRSA Renk MRSA Renk MRSA Renk MRSA
aeruginosa degisimi gozlemlen- degisimi gbzlemlen- degisimi  gozlemlen- degisimi gozlemlen- degisimi gozlemlen-
ATCC yok medi yok medi yok medi yok medi yok medi
24853
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Farkli sekerlerin iiremelerinin dagiliminin ozet grafigi
Sekil 8’de, kullanilmig seker katkilarinin ve zamana baglh
dagilimin detayli grafigi Sekil 9°da verilmektedir.

Tablo 2, Sekil 8 ve Sekil 9 gostermektedir ki, zamana bagh
ireme egrisi 6 saatte belirgin olarak yiiksektir ve istatistiki
anlamda onemli diizeyde (p<0.05) artmustir.

Tablo 3’te BCP indikatdriiniin zamansal olarak belirli
yogunluklarda bakteri iireme sonuglari, Tablo 4°te ise phenol red
zamansal olarak belirli yogunluklardaki bakteri tireme sonuglari
verilmistir.

Renk degisimleri incelendiginde, BCP indikatdriiniin daha
hizli renk degisimine sebep oldugu gézlemlenmistir. Sekil 10°da
inkiibasyon igleminden sonra renk indikatorlerindeki degisimler
goriilmektedir.

3.2. Ozgiilliik (spesifite) testi sonuclart

Ozgiilliik testi yapildiginda, higbir bakteri 24 saat icinde
gorsel olarak donanimin okuyabilecegi seviyede ve renkte
degisikligi tetiklememistir. Bununla ilgili bulgular Tablo 5°de
Ozetlenmistir.

Sekil 11°de spesifite i¢in gerekli bakterilerin goriintiileri ve
sistem cevabi (inkiibasyon igsleminden sonra) bulunmaktadir.

Sekil 11. Yirmi dort saatte spesifite igin yapilan testte kullanilan S.
epidermidis’e ait goriintii (tiim bakterilerde ayni oldugu igin temsilen
eklenmistir).

3.3. Verifikasyon uygulamast

Verifikasyon uygulamasinin saatleri ve sonuglar1 Tablo
6’da verilmistir.

Saat 9:00°da, 24 saatin sonunda, renkler tiim
yogunluklarda tamamen donmiistiir. Sistem tekrarlandiginda
tiim yogunluklar icin RGB sensérii yesildir. “MRSA POZITIF.
LUTFEN KLASIK KULTUR YONTEMI ILE
DOGRULAYINIZ” uyarist Seriport ekraninda belirmistir.

MRSA iiremesi sayesinde tiim yogunluktaki brothlarda 24
saatin sonunda renklerin sariya dondiigii gozlemlenmistir. Sekil
12°de brothlarda olusan renk degisimleri bulunmaktadir.

Yaptigimiz ¢aligmanin amaci, MRSA tespitine yonelik
hizli bir sistem kullanilmasidir. Kurulan diizenekte, farkli seker
katkilartyla olusturulan besi yerlerinde MRSA iiremesiyle
baglantili pH degisikligine yanit veren renk indikatorlerinin
optik bir donanimla algilanmasi hedeflenmistir.
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Tablo 6
Verifikasyon uygulama sonuglari.
Ol¢iim e
Saati Bulastirma Diizeyi
Diisiik Orta Yiiksek
Yogunluk Yogunluk Yogunluk
09:00 -esplt . Tespit edilemedi Tespit edilemedi
edilemedi
11:00 -esplt . Tespit edilemedi Tespit edilemedi
edilemedi
13:00 _esplt . Tespit edilemedi Tespit edilemedi
edilemedi
15:00 Tespit Tespit edilemedi  MRSA tespit edildi
edilemedi
17:00 Tespit Tespit edilemedi  MRSA tespit edildi
edilemedi
. Tespit MRSA tespit I
19:00 edilemedi edildi MRSA tespit edildi
. MRSA tespit MRSA tespit L
21:00 edildi edildi MRSA tespit edildi
09:00 MRSA tespit MRSA tespit B
(24. Saat) edildi edildi MRSA tespit edildi
= 5 s 5 = 5
<3 3 =2 g3 i a3
S @S x> (=] X 2 X2
20 20 [eRY) o0 >0 20
o) ° <} o >0 >0
> > > > > >

Sekil 12. Brothlarda bakteri tiremesine bagli olusan renk degisimleri.

ISO 6888-1 kapsamindaki referans olan malzeme
caligmalarinda 5000 kob/mL igeren sertifikali referans malzeme
kullanilmis ve standart sapma 1,76 oraninda belirlenmistir. Bu
caligmadaki +0,193 sonucu, standartla belirlenmis olan standart
sapmanin altindadir ve %95 giiven aralifiyla sonug
alinabilecegini gostermektedir (1SO-6888, 1999).

Farkli seker katkilarindaki paralel ekim sonuglari, altinci
saat itibariyle 6,079-7,903 logiockob/mL seviyesindedir. Zaman
odakli iireme egrisi 6 saat igerisinde belirgin sekilde yliksektir
ve istatistiki anlamda onemli o6lgiide (p<0.05) artmustir.
Staphylococcus tiirlerindeki pentoz sekerlerin tiimiinden enerji
doniigiimiiniin elde edildigi literatiirde bildirilmistir (Strasters ve
Winkler, 1963). Bagka bir ¢alisma Staphylococcus tiirevlerinin
seker alim1 acisindan benzersiz bir transport sistemleri oldugu
ve sekerlerden maksimum diizeyde yarar sagladiklarini
gostermektedir (Grosser ve ark., 2016). Bu sonug, ¢aligmamizin
sonunda biitiin seker tiirlerinden benzer olarak cevap almamizi
aciklamaktadir.

Calismamizdaki renk degisimleri incelediginde, Brom
Creosol Purple (BCP) indikatériiniin renk degisimini daha erken
baglattigi gozlemlenmistir. BCP pH gostergesi niteliginde
kullanilmistir. pH 5,2°nin altinda olursa, BCP’de sar1 renk
goriilmektedir. BCP igerisinde pH 6,8’in iizerinde oldugunda
ise, mor renk alir. Phenol red diger renk indikatorii olarak
kullanilmigtir ve pH 6,6’nin altindayken sari, pH &’in
yukarisindayken kirmizi renk goriinmektedir. Farkli bir
calismada ise bu indikatorlerden dolay1 herhangi bir farklilik
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gozlemlenmedigi belirtilmistir (Chesney, 1922). Caligmamizda
gozledigimiz bu farkin muhtemel nedeninin kullanilan seker
ekleri ve bakterinin farkliligi oldugu diistiniilmektedir.

Verifikasyon iglemi sabah 9:00°da baglamistir. Ardindan,
sistematik olarak belirli saatlerde sistem optimizasyonu
yapilmistir. Bulagtirmanin altiner saatinde (saat 15:00) ilk pozitif
cevap Olciilmiis ve yiiksek konsantrasyonda oldugu
gozlemlenmistir. Yapilan bir ¢alismada, hastalarin ¢evreleri ve
ellerinden alinan sayim gostermektedir ki, hastanin ellerinde ve
temas ettigi yiizeylerde bulagma 0-6 log arasinda degismektedir.
Ozellikle el ornekleri, 6 logiokob/cm? seviyesinde bulasma
oldugunu gostermiglerdir. Calismamizda 6. saat itibariyle
yiiksek bulagma ile alinan cevabin hiz agisindan yeterli
olabilecegi diisiiniilmektedir (Kamiya ve ark., 2007).

Yaptigimiz optik sistemde hassasiyet gz Oniine
alindiginda 2 logiokob/mL bulastirma seviyesinde en geg 8 saat
icinde sonug alindig1 gézlemlenmistir. Bu bilgiler 15181nda klasik
kiiltiir tekniklerinde tespit siireleri ve tespit sinirlart ISO 6888-1
icerisinde 4 giin igerisinde sonu¢ vermistir. 3,27 logiokob/mL
seviyesinde bu Sonucun alindigi bildirilmistir. Diger
caligmalarda kiiltiir teknigi kullanildiginda disk diflizyon
testlerinin duyarliligmin 48 saat sonrasinda giivenilir oldugu
anlasilmustir. Kiiltiir yontemi olarak kullanilan mikrodilisyon
yonteminde 24 saat sonunda veri alinmaktadir (Velasco ve ark.,
2005). Diger bir yontem olan oksasilin agar tarama yontemleri
ve oksasilin  disk yontemi MRSA tanimlanmasinda
kullanilmistir. Bu iki yontemde de inkiibasyon igin 24 saat
beklenmektedir. Bu siirecin sonunda agar tarama ydnteminin
duyarlilignt %91,7 iken, oksasilin disk difiizyon yonteminin
duyarliligi %83,5 olarak bildirilmistir (Cavassini ve ark., 1999).
Benzer sonuglara ISO ile de ulasilmistir. Bir S. aureus ile ilgili
olarak toplam pozitif 91 kan kiiltiiriiniin 40’1 MSSA, 51’1 MRSA
ornegi olmak iizere PBP (penisilin baglayan protein) testi ne
uygulanmistir.  Ozgiilliik ve duyarhilik degerleri %97,5 ve
%94,1 olarak belirlenmistir (Gold ve ark., 2010). Yaptigimiz
optik sistemde brothlarin igerisindeki seker oranlar1 ve
kullanilan renk indikatoriiniin etkiledigi diistiniilmiistiir. Ayrica,
sistemimizde renk hassasiyetinin yiiksek olmasina da katkisi
oldugu kanaatine varilmistir.

Yapilan bir ¢aligmada ELISA testinin inkiibasyon i¢in
minimum 16 saat beklenilmesi gerektigi bildirilmistir. Test
stiresi uzun olan ELISA sisteminin yiiksek hassasiyet ve
ozgiilliige sahip oldugu belirlenmistir. Bu test sisteminde drnek
alimi teknisyen tarafindan yapildigi i¢in yanlis sonuglarin belli
bir bélimiinii teknisyen hatasi olusturmaktadir (Boutonnier ve
ark., 1989). ELISA birgok basamaktan olustugu i¢gin teknisyenin
Ozenli bir sekilde caligma yapmasi gerekmektedir. ELISA aym
zamanda yiiksek maliyetli bulunmustur (Hicks ve ark., 1994; Le
Blay ve ark., 2004).

Eklenen seker katkilarinin MRSA tarafindan enerjiye
dondstiiriilmesinin sonucu ortamda pH degisiminin tetikledigi
indikatdrde renk degisimi olmasindan dolay1, kurulan sistemin
PCR gibi hassas bir yontemden Once tarama testi olarak
kullanilmas: disiiniilmektedir. PCR ile yapilan c¢aligmalar
gostermektedir ki PCR’nin hassasiyeti ¢ok yiiksektir, fakat
maliyetin de yiiksektir. Ek bir donanim ve ayr1 analiz
protokolleri gerektirmektedir.

PCR analizinden elde edilen sonuglar iizerinde
inhibitorlerin etkin oldugu belirlenmistir (Monteiro ve ark.,
1997; Braid ve ark., 2003; Schrader ve ark., 2012).

Polimeraz zincir reaksiyonu enzimatik bir reaksiyondur ve
inhibitér maddeler karsisinda duyarlilik gdstermektedir. PCR
inhibitorlerinin yapilan testlerin farkli asamalarinda farklh
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mekanizmalarla etkilesen maddeler olduklari belirlenmistir.
PCR inhibitorleri organik veya inorganik maddelerdir ve sivi
veya katt formda bulunabilirler. Immiinoglobin (IgG),
laktoferrin, hemoglobin, kollajen, proteinler, miyoglobin ve
proteinazlar organik inhibitorlere 6rnek olarak gosterilebilirler.
Etanol, fenol humik asitler, tanik, safra tuzlari, iire ve melanin
ise inorganik inhibitdrlere Ornektir. Bu inhibitorler ile PCR
testinin sonucu olumsuz olarak etkilenebilir. Bununla birlikte,
PCR testinin duyarliligini da negatif yonde etkileyebildikleri
gorilmiistir (Kim ve ark., 1992; Lofstrom ve ark., 2004).

PCR testi ile MRSA tespiti 4 saatten daha az siirmektedir
ve oldukga yiiksek hassasiyete sahiptir (Baby ve ark., 2017).
Real-time PCR testleri geleneksel kiiltiir yontemlerine kiyasla
MRSA’y1 daha hizli tespit etmektedir. MRSA tespitinde
PCR’nin 6zgiilliigiiniin saf koloniler i¢in %100 oraninda oldugu
belirlenmistir. PCR testlerinin hassasiyet ve 6zgiillik degeri
diger tespit sistemlerine nazaran daha yiiksektir ve bu testler 10-
15 dk. arasinda sonug vermektedir (Warren ve ark., 2004). Ote
yandan PCR’nin uygulanmasinda egitimli teknisyen olma

zorunlulugu ve PCR’nin yiiksek maliyetli olmasi, tarama
yontemi olarak tercih edilmesini giiclestirmektedir.
Optik  donanimlarla  hazirlanmig  olan  cihazlar

gostermektedir ki, ¢aligmamizda kullanilan TCS 3200 ile
yaptigimiz analiz sonuglari giivenlidir ve elde edilen sonuglarin
dogrulugu uygulamada da kanmitlanmigtir (Fitriyah ve ark.,
2018).

Literatiirdeki bir ¢alisma kapsaminda biyosensdor igerisinde
bulunan algilama platformuna altin kaplama yapilmis, nonobead
yardimiyla S. aureus proteaz olan spesifik substrat kaplanmistir.
S. aureus tanisal algilama platformudur ve proteazlarin
proteolitik aktivitesini dlger. Ortaya ¢ikan enzimatik reaksiyon
altin tabakasinda bir renk degisimine sebep olmaktadir. Bir
hassasiyet testi farkli yogunluklarda bulunan bakteri yardimiyla
yapilmistir. Bu sensorden 10° yogunlugunda %36, 10*
yogunlugunda %28 ve 10° yogunlugunda %22 oraninda sonug
elde edildigi igin, sensoriin yeterli hassasiyete sahip oldugu
kabul edilmistir. Caligmamizda kalitatif (¢iplak gozle
yapilimistir) ve kantitatif (goriintiileme yazilimi) yontemlerle
sensoriin hassasiyeti test edilmistir (Suaifan ve ark., 2017).
Calismamizin renk indikatoriindeki renk degisimi kalitatif
olarak, RGB renk sensorii renk degisimi kalitatif olarak yazilim
ile uyar1 sistemlerinden meydana gelmektedir. Literatiirdeki bir
baska calisma, IgG’nin S. aureus ile Fc bolgesi arasinda spesifik
etkilesime dayali elektromiliiminesan (ECL) biyosensorii
gelistirilmesi ile ilgilidir. Bu biyosensér 10° yogunlugunda
%2,5, 10° yogunlugunda %2,6 ve 10° yogunlugunda %5,9
degerlerindedir ve biyosensoriin 6zgiilliigii test edilmistir (Yue
ve ark., 2016).

Calismamizda kurmus oldugumuz optik sistemde temel
parametre pH degisimidir. Brothlarda degisen pH, hem serbest
iyon sayisinda, hem de ortam renginde degisim yaratir. Serbest
iyon degisimi de sistem igin baz alabilir. Serbest iyon
degisiminin ortamdaki akim {izerinde etkisi oldugu
belirlenmistir. Bu akimda olusan degisim baz alinarak
amperometrik hizli tespit sistemi kurulabilir. Bu sistemde akim
degisimi Olgiiliip bakterinin varligr belirlenebilir. Brothlar
igerisinde meydana gelen pH degisimi ve serbest iyonlar ortamin
voltaj1 iizerinde etkilidirler. Voltmetrik hizli tespit sistemi ile
bakterinin varlig1 tespit edilebilmesi icin bu voltajda olusan
degisimi baz almak gereklidir.

Brothlar icerisinde degisen pH degeri ile ilgili renk
degistirmesi ve sistemdeki renk degisimini test etmesi
bakimindan, kurdugumuz optik sistemin biiyiikk bir avantaj
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vardir. Higbir elektrota ve kimyasal maddeye bu donanimda
ihtiyag dogmamaktadir. Kullanim Omiirleri kisadir; zira
elektrotlarda besiyerleriyle etkilesim olusmaktadir.

Calismamizda uyguladigimiz sisteme yonelik bir diger
avantaj, sistemin taginabilir yani ergonomik olmasidir. Giig
devresi optik sisteme dahil edileceginden, ebat 6lgiisiiniin 6x13
cm olmasi planlanmaktadir.

4. Sonug

Coklu antibiyotik direncine bagli olarak, MRSA hastane
enfeksiyonun en &nemli etkenlerindendir. Bu etken tespit
edildigi taktirde, enfeksiyon kontroliinde 6nemli bir basamak kat
edilecektir.

Calismamiz kapsaminda tasarlanan hizl tespit sisteminin
amaci, MRSA tespitinde siiregelen teshis yontemlerinin
dezavantajlarin1 aza indirgemektir. Elde ettigimiz sonuglar
gostermektedir ki, sistemimizden kisa bir silirede sonug
almmaktadir. Alisilmis enfeksiyon kontrol stratejilerinde daha
¢ok klasik kiiltiir teknigi uygulanmaktadir. Bu tekniklerle siire
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olarak miidahalede gecikilebilecegi gibi, hayatta kalim da riske
atilabilir.

Calismamiz kapsaminda MRSA tespiti igin tasarlanan
sistemin PCR tekniginden Once tarama sistemi olarak
kullanilacagini ve bu sistemin MRSA enfeksiyon kontroliinde
onemli bir role sahip olacagini dngoriiyoruz.

Hastanelerde enfeksiyon yayilimini takip edebilmek igin
bu optik temelli sistemin kullanilabilecegini diisiiniiyoruz.

Tesekkiir: Bu calisma Pamukkale Universitesi Fen Bilimleri
Enstitiisii Biyomedikal Miihendisligi Anabilim Dal1 yiiksek
lisans programi kapsaminda yazilan yiiksek lisans tezinden
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Abstract

Persicaria genus in Turkish Madimakgiller or Buckwheat family (Polygonaceae) is included in the genus Polygonum now.
Today, the genus Persicaria is separated from the genus Polygonum. In this study, Pe. hydropiperoides belonging to the genus
Persicaria is given as a new species for the flora of Turkey. Specimens of Pe. hydropiperoides were collected from Sancaktepe/
Pagakoy (Istanbul). Adding this new species, the number of Persicaria genus in Turkish Flora reached 12 species (13 taxa).
Additionally, a Turkish name, detailed description, locality data, photographs, and geographical distribution information of the

species were given in this research.

Keywords: A new record; Istanbul; Pe. hydropiperoides; Persicaria; Turkey

1. Introduction

Polygonaceae Juss (Buckwheat in English or
Madimakgiller in Turkish), which contains around 50 genera
and 1200 species worldwide, is usually found in temperate zones
of the Northern Hemisphere and is only rarely found in tropical
climates (Heywood, 1978; Freeman and Reveal, 2005).

Except for the subfamily Erigonuideae Meisner, the most
common trait of this family is the presence of the ocrea (a stipule
modification that wraps around the stem).

According to recent investigations, the number of taxa
grew by 11 in Polygonaceae, the Flora of Turkey, and the
Eastern Aegean Islands (Davis et al., 1967; Coode and Cullen,
1967). (Keskin, 2012; Karaer et al., 2020). Persicaria (L.)
Miller, on the other hand, was originally assessed in Polygonum
L. in 1754, however, Miller (1754) split it as a new genus. With
the splitting of Persicaria from Polygonum in recent years,
Turkey now possesses 12 genera (Brandbyge, 1993; Keskin and
Severoglu, 2020).

In Polygonum, the ocrea is normally membranous, silvery,
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and glabrous, with a two-lobed apex that is typically fibrous and
glabrous. The ocrea tube of Persicaria is not membranous, but
rather fleshy, brown or reddish, rarely silvery, hairy, or glabrous,
seldom 2-lobed at the tip, and frequently ripped apart by aging
(Webb and Chater, 1964; Davis et al., 1967; Hinds and Freeman,
2020).

2. Materials and methods

Persicaria samples were gathered from the Anatolian side
of Istanbul in November 2019 during field investigations
conducted by the first author as a part of his doctoral dissertation
research.

Examples, the former name Polygonum hydropiper at first
appearance, the current name Pe. hydropiper although it
resembles ‘hydropiper’, as a result of detailed examination, it is
an unknown species from Turkey belonging to the genus
Persicaria; as a result of the literature study (Webb and Chater,
1964; Small, 1895) and herbarium (E, EGE, ISTE, ISTF, ISTO,
ANK, MUFE and NGBB).
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The gathered samples are stored at MUFE (Marmara
University Faculty of Arts and Sciences Herbarium).

3. Results

Linne named Persicaria as a member of the Polygonum
genus because it looks to have peach (Persica) leaves (Linne,
1753). Miller later classified it as a distinct genus (Miller, 1754).
With this record, Persicaria has 150 species worldwide (Hinds
and Freeman, 2020) and 12 species in Turkey.

3.1. Persicaria hydropiperoides (Michaux) Small, FI. S.E. U.S.
378, 1330 (1903). (Fig. 1 and 2).

Basionym: Polygonum hydropiperoides Michaux, FI.
Bor.-Amer. 1: 239 (1803).

Synonyms (according to Hinds and Freeman, 2005):
Persicaria opelousana (Riddell) Small, FI. S.E. U.S. 378, 1330
(1903). P. hydropiperoides subsp. opelousanum (Riddell)
W.Stone, PI. S. New Jersey 422 (1912). P. hydropiperoides var.
psilostachyum H.St.John, Proc. Boston Soc. Nat. Hist. 36: 71
(1921). P. hydropiperoides var. digitatum Fernald, Rhodora 23:
260 (1922). P. hydropiperoides var. asperifolium Stanford,
Rhodora 28: 27 (1926). P. hydropiperoides var. bushianum
Stanford, Rhodora 28: 27 (1926). P. opelousanum var.
adenocalyx Stanford, Rhodora 28: 28 (1926). Pe. paludicola
Small, Man. S.E. Fl. 457 (1933). P. hydropiperoides var.
breviciliatum Fernald, Rhodora 42: 448 (1940). P.
hydropiperoides var. adenocalyx (Stanford) Gleason,
Phytologia 4: 23 (1952). Pe. hydropiperoides var. euronotorum
(Fernald) C.F.Reed, Phytologia 50(7): 461 (1982). Pe.
hydropiperoides var. breviciliata (Fernald) C. F. Reed,
Phytologia 50: 461 (1982). Pe. hydropiperoides var. bushiana
Mohlenbr., Vasc. Fl. IHlinois 501 (2014), nom. inval. Pe.
hydropiperoides var. bushiana (Stanford)  Mohlenbr,
Phytoneuron 2015-67: 3 (2015). Pe. hydropiperoides var.
strigosa (Small) G.Wilh. & Rericha, Michigan Bot. 55(3-4): 95
(2016).

Type locality: in Pennsylvania, Virginia, Carolina.

Life span: Perennials with rhizomes.

Stems: (15-)35-45(-100) cm long; decumbent to ascen-
ding, usually branched, without ribs, glabrous; usually branched
or single; brownish or colorless, sparsely glandular; the glands
are prominent after the central part of the body, reddish-brown
in the lower part; the internodium is variable but body-like in
structure.

Leaves: Ocrea in the middle of the stem, swollen base, (5-
)15-20(-23) mm, brown, at the tip, truncate, ciliated with bristles
(2-)4-5(-10) mm, white; ocrea tube 10-nerved, end of each vein
with reddish brownish cilia, fragile. Petioles (2-)5-8(-20) mm,
glabrous or strigose; blade 40-80(-250) x (4-)10-18(-35) mm, no
blocth, linear to lanceolate, acuminate to caudate and obtuse at
apex; the main vein evident on the upper face, both the main vein
and the lateral veins are prominent on the lower face with
strigose on edge.

Inflorescences: (30-)50-100 2-5 mm, terminal,
sometimes also axillary, erect, or curved. Bracts 8-15 x 1-3 mm,
lanceolate, like a leaf. Peduncles 7-40 cm, usually as long as
inflorescences; glabrous or strigose; ocreol usually overlapping
distally, margins ciliate with bristles to 2-3 mm.

Flowers: Pedicels 1-3.5 mm, shorter than ocrea, and
wrapped by ocreol; bisexual or unisexual and staminate, (2-)4-
5(-6) per ocreate fascicle. Tepals 5; bisexual flowers 2,1-3,2(4)
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mm, and staminate flowers 1.5-2.5 mm greenish with pinkish
tips or whitish (sometimes rose clour); at maturity the lobes
overlap; surface brownish or colorless glandular, usually rather
dense, narrow margins, membranous, blunt tip; the veinless
surface is adjacent at the base at approximately 1/3-1/2 of the
length of the tepals. Stamen 8, anthers pink or red, elliptic to
ovate. Styles 3.

Achenes: Included or apex subexserted, brown to
brownish-black or black, 3-gonous, (1.5-) 2.8-3 x 1-2 (-2.5) mm,
shiny, smooth.

Flowering time: 7-9 months.

Fruiting time: 9-11 months. Moist roadsides, wet habitats.

Plant Sample Collected:

Turkey: Istanbul, Sancaktepe, Pasakoy, center, in valley,
fountain area, wet place, N 41° 03' 49.7" and E 28° 44' 57.4",
23.ix.2019, M. Keskin 7899!.

Turkish name: Koca evelek (proposal)

Pe. hydropiperoides were discovered at Sancaktepe/
Pasakoy (Istanbul). It is spread throughout semi-natural
landscapes, residential areas, valleys, and marshes. This species
associated with a wide range of plants in its environment:
Colchicum chalcedonicum subsp. chalcedonicum, Galatella
linosyris, Erica manipuliflora, E. arborea, Cistus creticus, C.
salviifolius, Prunella vulgaris, Salvia forskahlei, Paspulum
paspoloides.

3.2. ldentification key for perennial Persicaria in Turkey

1. Aquatic, rarely terrestrial; stamens longer than tepal
amphibia
1. Terrestrials; stamens shorter than tepal

2. Stems loosely prickled; loosely rooting at nodes
(perennant) thunbergii

2. Stems smooth; strongly rooting at nodes (net
perennials)

3. Tepal glabrous decipiens

3. Tepal glandular hydropiperoides
A visual comparison of mentioned perennial Persicaria
species is given in Fig. 3.

4. Discussion

Although it is expected that Pe. hydropiperoides extend
across a larger region than the 2-3 km? region where the samples
were gathered. It has a wider spread than this single record since
it may have been misidendificated among similar herbarium
specimens. Pe. hydropiperoides is one of the species with a great
number of (16) synonyms, and it is frequently misnamed due to
its high variety and worldwide distribution. The inaccuracy rate
increases, especially when identifying without seeing all of the
plant's organs (Table).

When a diagnosis is established without removing the sub-
terranean parts, the genus Persicaria is frequently referred to as
Pe. maculosa. Pe. hydropiperoides achenes are all triangular
prismatic, Pe. maculosa achenes are triangular and two-faced,
and ocreae have somewhat longer hairs on the borders (Hinds
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Fig. 1. Persicaria hydropiperoides, (1) Habitus, (2) Internodium, ocrea and base of leaf, (3) Inflorescence and (4) Infructescence.
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Fig. 2. Persicaria hydropiperoides, (1) General view, (2) Rhizome, (3) Ocrea, (4) Leaf, (5) Inflorescence with staminate flowers, (6)
Inflorescence with bracts and upper leaves and (7) Fruiting perianth.

88



M. Keskin & Z. Severoglu Front Life Sci RT 2(3) 2021 85-91

Fig. 3. Perennial Persicaria species, (1) Pe. amphibia, (2) Pe. decipiens, (3) Pe. hydropiperoides, (4) Pe. thunbergii.
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Table

A taxonomic comparison of Pe. hydropiperoides and its allies.

Front Life Sci RT 2(3) 2021 85-91

hydropiperoides
(This Article)

hydropiperoides
(Hinds & Freeman 2020).

hydropiper
(Hinds & Freeman 2020).

maculosa
(Hinds & Freeman 2020).

Life Span
Stem Length

Perennial with rhizomes
35-45cm

Decumbent to ascending,

Perennial with rhizomes
15-100 cm
Decumbent to ascending,

Stems without ribs, glabrous without r|b§, glabr'ouslobscurely
strigose distally
Brown, base inflated, 10- Brown, base inflated, 5-23 mm;
Ocrea nerved, 15-20 mm; surface surface glabrous/strigose, with
strigose; with bristles 2-4 mm bristles (2-) 4-10 mm
Petiole 5-8 mm, glabrous/strigose 2-20 mm, glabrous/strigose
Blotch absent; lanceolate/linear Blotch absent; broadly
to lanceolate, 4-8 x 1-2 cm, lanceolate to linear-lanceolate,
Leaves faces glabrous; margins 5-25 x 0.4-3.7 cm, margins

Inflorescences

appressed- hirsute; apex
acuminate to caudate
Terminal, sometimes axillary,
50-100 x 2-5 mm

antrorsely appressed-pubescent,
apex acuminate
Terminal, sometimes also
axillary, 30-80 x 2-5 mm

Peduncle 7-40 cm 10-30 mm
Pedicels 1-3.5mm 1-1.5 mm
. Bisexual/unisexual and
Bisexual, 3-5 per ocreate .
Flowers . staminate, homostylous, 2-6 per
fascicle, homostylous .
ocreate fascicle
Greenish/white with glandular- Ro§eate pro_x |mally, ro_seate,
. White/greenish white distally;
punctate on tubes and inner L
) ) tepals 5, 2.5-4 mm in bisexual
. tepals; tepals 5, 2.1-4 m; .
Perianth . flowers, 1.5-2.5 mm in
staminate flowers 1.5-2.5 mm, . .
. . . . staminate flowers; veins
veins not visible; margin entire, : . .
IO — prominent/not, margins entire,
P apex obtuse to rounded.
8; anthers pink to reddish, 8; anthers pink/red, elliptic to
Stamens .
ovate- spheroidal ovate
Styles 3, connate at base area 3, connate near middle.
Brownish to blackish/black, 3- Brown to brownish black/black,
Achenes gonous; 2.8-3 mm, shiny, 3-gonous, 1.5-3 mm, shiny,

smooth

smooth

Annual, rhizomes absent
20-100 cm
Decumbent to ascending/erect,
branched, without ribs,
glabrous, glandular-punctate
Brown, base somewhat inflated
surface glabrous/strigose,
usually glandular-punctate.

1-8 mm, glandular-punctate

Blotch absent; lanceolate to
narrowly rhombic, (1.5-)4-10(-
15) x 0.4-2.5 cm, margins
antrorsely strigose, apex acute
to acuminate
Terminal and axillary, 30-180 x
5-9 mm
(0-)10-50 mm
1-3mm

1-3(-5) per ocreate fascicle,
homostylous

Greenish proximally,
White/pink distally, glandular-
punctate; tepals 4-5, obovate, 2-

3.5 mm, veins prominent/not,
apex obtuse

6-8; anthers pink/red, elliptic to
ovate
2-3, connate proximally.
Brownish black, biconvex/3-
gonous, 1.9-3 mm, dull,
minutely roughened

Annual, rhizomes absent
5-130 cm
Procumbent, decumbent,
ascending, without ribs,
glabrous/appressed-pubescent
Light brown, base inflated, 4-10
(-15) mm,; surface
glabrous/strigose.
Sessile or 0.1-0.8 cm,
glabrous/strigose
Blotch present; adaxially,
lanceolate to narrowly ovate,
(1-) 5-10(-18) x (0.2-)1-2.5(-4)
cm, margins antrorsely strigose,
apex acute to acuminate
Terminal and axillary, 10-45(-
60) x 7-12 mm
10-50 mm
1-2.5 mm

4-14 per ocreate fascicle,
homostylous

Greenish white proximally and
roseate distally/entirely roseate,
not glandular-punctate, scarcely
accrescent; tepals 4-5, obovate,
2-3.5 mm, veins prominent,
apex obtuse

4-8; anthers yellow/pink, ovate

2-3, connate proximally
Brownish black to black,
discoid/biconvex to 3-gonous,
(1.9-)2-2.7 mm, shiny, smooth

and Freeman, 2021). However, the inflorescence of Pe.
hydropiperoides and Pe. hydropiper are identical. Mosaferi and
Keshavarzi (2010) described Pe. hydropiperoides as a new
record for Iranian flora and conducted a comparative anatomical
investigation with species similar to the species. With the
registration in Turkey, the distribution of this species from Asia
to Europe has been completed. This species is certain to be an
invasive species.
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Abstract

According to the published reports and studies, the symptoms of the disease caused by the COVID-19 virus have not yet been

fully determined. It is a major stress on clinicians to make a correct and consistent decision about whether to apply the test or not,
as many factors with extreme uncertainty need to be evaluated at once. In this study, it is aimed to provide assistance to the clinicians
by processing the data using fuzzy logic based decision support system at the time of the decision-making process. In the designed
fuzzy logic based decision support system, a fuzzy rule-base was created with linguistic information by interpreting the symptoms
that are naturally uncertain by experts. With the help of the obtained fuzzy rule base, the input data of symptoms will be processed
and the risk of a person being infected will be obtained as an output. As the results of the estimation module constructed with the
existing parameters are examined, it is observed to be compatible with the data published before. In this context, a data set with 50
different patients were designed randomly to evaluate the system. For the analysis of the nonlinear mapping obtained with the
Mamdani type fuzzy inference system, random test data is used and infection risk at rates varying between 12.5-83% was
determined. The fuzzy logic based decision support system for COVID-19 can be accepted as applicable, flexible, and trustworthy

for clinicians. It can be said that this system is not only suitable for COVID-19 but also applicable for future epidemics.

Keywords: COVID-19; decision support systems; epidemic; fuzzy expert systems; fuzzy logic

1. Introduction

Disease is often defined as any impairment, disorder or
disability in the functions or physiological, biological structure
of the human body (Hunter, 2009). It is diagnosed by physician’s
interpretation of characteristic signs and symptoms. In general,
there are no clear standard case definitions for the diagnosis of a
disease. Due to these uncertain signs and symptoms, the
decision-making process for a physician becomes more
complex. Clinicians try to interpret the patient’s condition by
requesting more tests in order to make more accurate decisions
in the diagnosis process. The complex diagnostic process
becomes more complicated by the increasing number of exams
that need to be evaluated simultaneously. Computer-aided
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Received 22 October 2021; Accepted 15 December 2021
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systems have been used to assist clinicians in this complex and
uncertain disease diagnosis process. It is difficult to determine
the nonlinear nature of the symptom, disease, and diagnostic
process consisting of uncertainties with the two-valued classical
logic. With its adaptation, learning, and reasoning capabilities,
artificial intelligence (Al) began to play an increasingly
important role in improving the quality of diagnostic
effectiveness in healthcare. (Hossein et al., 2018). In our study,
fuzzy logic as a class of Al method has been used to model the
aforementioned complexities of the decision process.

Fuzzy logic is necessary in cases where the problem is
complex to be solved and expert opinions are needed on this
subject or it is difficult for individuals to evaluate and make
decisions alone (Sen, 2009). Using linguistic expressions with

2718-062X © 2021 This is an open access article published by Dergipark under the CC BY license.
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fuzzy logic, approximate results can be created in a shorter time
without the need of a mathematical model (Novak et al., 2016).
For instance, Akcam and Takada (2002) designed a fuzzy model
to assist dentists in choosing the type of braces labelled as low,
medium, and high in terms of pressure according to the mouth
structure of the patients. It was observed that a significant part
of the decisions made by the model were also approved by
experts. Bates and Young (2003) developed a fuzzy model
where mean arteriole blood pressure and urine excretion per
hour turbid values were taken as inputs, and the amount of drug
required to open the intravascular occlusion was estimated to
control the intervention to return patients in intensive care units
with stopped heartbeat. Stanley et al. (2003) used fuzzy logic to
distinguish between malignant facial tumors and benign skin
lesions for accurately diagnosing patients.

Grant and Naesh (2005) used fuzzy logic and decision-
making systems in the field of anaesthesia where drug dosage
and ventilation adjustment were aimed with variables such as
respiratory rate and blood pressure. Benecchi (2006) designed a
fuzzy model to assist clinicians in the diagnosis of prostate
cancer. The intended use of the data presented in these studies
and in the system designed in our study is similar. COVID-19, a
multisystem infection with pneumonia, is the subject of this
study. In their study, Pereira et al. (2004) developed a fuzzy
model for the diagnosis of pneumonia for children by using X-
ray, shortness of breath and stethoscope auscultation, heart rate,
body temperature, toxaemia and respiratory rate data. Data from
153 children who were previously diagnosed with pneumonia
were used in the discriminant analysis and the designed fuzzy
model. They reported that fuzzy logic has a 78.3% correct
classification and is a good model for diagnosing diseases with
its accuracy when compared with discriminant analysis (Pereira
et al., 2004). Nascimento and Ortega (2002) designed a fuzzy
model with a Mamdani inference engine to predict the risk of
neonatal death in children within 28 days after birth where birth
weight and birth age are taken as inputs and neonatal mortality
risk was estimated as an output.

In COVID-19 rapid tests and screening tests, false
positivity and false negativity rates are not stable. Also, the
confidence interval is not clear. Therefore, wrong approaches
may occur depending on the test results. At the same time, there
may be exposure due to the testing process being carried out in
hospitals. Within the telemedicine concept, it is obvious that
people have less exposure during the diagnosis and treatment
process without going to the hospital remotely. Cismondi et al.
(2013) designed a fuzzy logic model with 11 variables as input
and the output is used to estimate the patient’s condition and to
reduce the unnecessary laboratory tests during the treatment
process of patients with gastrointestinal bleeding. An accuracy
of more than 80% was achieved in the classification of necessary
and unnecessary laboratory tests for patients. And thus, an
average 50% reduction in the number of laboratory tests was
obtained. Blackmore et al. (2011) stated that unnecessary
radiological examination procedures have many negative
consequences such as exposure to unnecessary radiation and
waste of resources of health institutions. Therefore, when
requesting a radiological examination, it was investigated
whether it is possible to benefit from a decision support system
that works integrated with electronic health record (EHR).

As of December 31, 2019, the World Health Organization
issued a warning against COVID-19 pneumonia transmission of
unknown origin in Wuhan, People’s Republic of China. The
virus was named as 2019 novel coronavirus (2019-nCoV) and
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was later named SARS-CoV-2 virus by the International Virus
Taxonomy Committee (ICTV) in reference to its close similarity
with  SARS. SARS-CoV-2 is classified within the
Betacoronavirus (subgenus Sarbecovirus) of the Coronavirus
family. The virus binds to an angiotensin converting enzyme 2
(ACE2) receptor while inducing infection. SARS-CoV-2 is the
seventh coronavirus (HCoV) known to infect humans (Uras,
2021).

The clinical picture of COVID-19 can range from
asymptomatic infection to severe disease, depending on age,
gender and many other parameters. Mortality rates vary by
country. At this time of the pandemic, early laboratory diagnosis
of COVID-19 can aid clinical management and outbreak
control. Diagnostic testing may involve detecting the virus itself
(viral RNA or antigen) or the human immune response to the
virus. Although there are differences in approach to the
diagnosis of COVID-19 in different countries, as stated in the
diagnosis documents reported by WHO, mainly, a patient is
deemed to have a COVID-19 infection after evaluation of
clinical symptoms by biosensor screening test, verification by
PCR and subsequent computerized tomography image of the
lungs (Genc, 2020; WHO, 2021).

In our study, the emergence of COVID-19 infection at
varying age ranges, varying symptoms, and ambiguity due to
changing practices in the test protocols were taken into account.
Also, the symptoms of an infected person involved ambiguity in
it. Using computer-aided systems to provide support in the
decision-making process will provide more consistent and
healthier results instead of leaving this decision, which is a
process of evaluating many symptoms together, under human
control. In this study, the most common symptoms of COVID-
19 infection were determined and the obtained data were
included in a fuzzy inference system and the probability of a
person’s being infected that presents the symptoms was taken as
an output.

1.1. Fuzzy logic

The concept of fuzzy logic gained meaning in our modern
era with the article published by Lotfi A. Zadeh in 1965 who is
considered as the modern founder of fuzzy logic (Zadeh, 1965).
Fuzzy logic, which did not gain importance after the first
published article, started to be used more in the mid-1970s. The
articles (Zadeh, 1973; 1975) published by Lotfi A. Zadeh in
those years, in which the applicability of fuzzy logic to complex
systems were explained, had an effect on the increase of fuzzy
logic researches. Since the 1980s, the numerous studies of the
Japanese who have increased their interest in fuzzy logic have
enabled fuzzy logic to reach its present level. Today, it is
possible to use fuzzy logic in most conceivable areas
(Shahbazova et al., 2020).

Fuzziness is all the incomplete and uncertain information
that is possessed when there is no complete information about
the subject being evaluated (Sen, 2009; Novak et al., 2016). The
linguistic expressions used in daily life for variables are directly
applied to label fuzzy sets and with infinite number of
membership degrees and an inference mechanism a crisp output
is obtained. With its linguistic elements, the human brain
actually acts like a fuzzy logic system in decision making
process. Likewise, a fuzzy logic is a system where many
uncertain expressions are evaluated as input parameters and the
result is reached after passing through fuzzy system processes
(Shahbazova et al., 2020).
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1.1.1. Fuzzy sets - classic sets

In classical sets, an expression either belongs to one set or
to another. On the other hand, in fuzzy sets, an expression may
belong to one set to some extent, but also to other sets to
different degrees. The difference of a fuzzy set and a classical
set is shown in Fig. 1. As can be seen in the representative
graphs, a situation in a classical set is either 1 or 0. In a fuzzy
set, instead of a sharp distinction, there are degrees of truth or
falsehood of that situation. In classical logic, a proposition can
be true or false. However, in fuzzy logic everything is a matter
of degree (Zadeh, 1965; 1996).

The human life and linguistic information mostly involve
vagueness that make it impossible to have sharp or precise
distinctions in the world. Fuzzy sets and fuzzy logic theory
provides us to use human expert knowledge and linguistic
information (Zadeh, 1973; 1975; 1996).

1.1.2. Fuzzy logic system structure

The fuzzy logic system is based on linguistic information.
It is based on finding the approximate non-linear mapping of a
non-linear uncertain system input-output relation with a simple
software process and without the need of mathematical system
model. While developing a model for a fuzzy system, the input
parameters of the problem are determined first. Then the input
parameters are defined using fuzzy sets. Different membership
functions can be used when defining fuzzy terms. Membership
functions are explored in detail in (Zhao & Bose, 2002). Output
parameters corresponding to the inputs are also determined and
defined using fuzzy terms. After that, the rule base is created
with “IF-THEN” structure. In this process, a list of rules is
created with verbal expressions based on expert knowledge
about the problem. Fig. 2 shows the general structure of a fuzzy
logic system.

In Fig. 2; the inputs are all the information (numerical and
verbal) about the problem entries and the outputs are all the
information (numerical and verbal) corresponding to the input
parameters of the problem. The fuzzification block is the step of
defining a precise input variable with the specified membership
functions. Membership degrees of the input variable to sets are
determined between 0 and 1. At the end of this step, exact values
are converted into fuzzy values (Kayacan & Mojtaba, 2016). At
the fuzzy rule base block, by using inputs and outputs, a rule list
is created with the linguistic information of the expert
knowledge in "IF-THEN" structure. The fuzzy inference system
(F1S) engine works integrated with the rule base. At this step, all
rules are evaluated separately and a decision is made for each
fired rule. As a result, fuzzy output sets are obtained (Ross,
2004). The defuzzification is the last step in which the obtained
fuzzy outputs are converted to a precise value. It is the opposite
process of the fuzzification phase. Many methods are used in the
defuzzification process. The most commonly used methods can
be listed as: center of gravity, maximum average, weighted
average, and area center (Ewald & Mohammad, 2015).

1.1.3. Mamdani fuzzy inference system

FIS is also known as rule-based fuzzy systems, fuzzy
expert systems, and fuzzy models (Sivanandam et al., 2007). FIS
is the process of formulating the mapping from a given input to
an output in which a decision is made based on information
defined in the “IF-THEN” rule structure. In many areas, FIS can
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make predictions in decision-making processes (Liu, et al.,
2019). In the literature, various FIS engines were developed that
can solve specific problems better that the others. However, the
two most popular methods in FIS can be listed as Mamdani and
Takagi-Sugeno-Kang. Mamdani FIS engine is the most widely
used inference method which is intuitive, suitable for human
linguistic knowledge, and has an interpretable rule base
(Mamdani & Assilian, 1975). Mamdani FIS, as the output sets
are also fuzzy, some operations need to be done later in this
method. We can list all the operations of the method as:
fuzzification, inferring from rules triggered on the rule base,
merging and defuzzification after output clusters.

1.1.4. Fuzzy rule base

The fuzzy rule base was created in the form of an “IF-
THEN” structure with linguistic information, using expert
knowledge according to the considered symptoms and age data.
When creating rules, the minimum method will be used for the
AND operator and the maximum method will be used for the OR
operator.

1.1.5. Fuzzification

Fuzzification is the calculation of membership degree of
fuzzy sets to crisp input values. Triangular and trapezoidal
membership functions are the most common types of
membership functions as they are easier to represent (Pedrycz,
1994). Each rule is fired separately to a degree that is a function
of the match between its antecedents and the crisp input.

1.1.6. Aggregation

In this study, for the composition of fuzzy relations Max-
Min composition is used. It is necessary to collect all the
triggered rules after the fuzzification process. Thus, the
defuzzification process will be started for the sum of the fuzzy
clusters formed as a result of all the collected rules. In the
designed model, the maximum method is used for the
combination process.

Thus, the largest of the smallest (max-min) method was
used in the fuzzy model. The largest of the results obtained at
the same input value will be taken as the basis for the
defuzzification process. Representational graphics of
fuzzification and defuzzification processes are shown in F. 3.

1.1.7. Defuzzification

At this stage of the FIS, a single crisp output will be
obtained in the summation of all the triggered fuzzy clusters. The
center of gravity (centroid), which is one of the most widely used
defuzzification methods, was chosen. In this method the
geometric center of gravity of the sum of the obtained fuzzy
clusters is found. The crisp output obtained with center of
gravity method can be given as follows:

f u(yi)ydy
Y center — N

u(y)dy
1.1.8. Decision support systems

Human beings have to make decisions for the problems
they face in most of their lives. Human decisions emerges as a



S. Ozbey et al.

Front Life Sci RT 2(3) 2021 92-102

] & %

Temperature (°C)

100

Level of Membership

Temparature of Coffee.
e

e
—rict

50
Temperature (°C)

i} w0 100

Fig. 1. (a) Fuzzy set representation plot. As an example, the value of 35°C belongs to the first set at a rate of 80%, while 20% belongs to the
second set, (b) Classical set representation plot. A certain value belongs either to the first set or to the second set.

Fuzzy Rule Base

i&)' Fuzzification J

Fuzzy Input
Sets

FIS- Fuzzy
Inference Engine:

| Output
é
)

‘ Defuzzification

Fuzzy Output
Sets

Fig. 2. General structure of fuzzy logic system.

Min.

Method

==

Maksimum Method

Y

10

0

Fig. 3. A fuzzy system using the minimum (min) method for firing rules and using the largest (maximum) method for the combining process.

careful assessment of alternative choices in terms of the
likelihood and value of the outcomes associated with these
choices, and is always expected to end with a correct, true, right
decision (Hickson & Khemka, 2014). Many environmental
factors and personality are effective in the decision-making and
problem solving process.

Decision support systems are computer-aided systems that
assist human decision makers by evaluating the whole data
acquired in the complex decision-making process. As mentioned
before, many factors are involved in the decision-making
process and these factors direct the result. Decision support
systems, on the other hand, provide selection forecasting and
decision support to the decision-making mechanism by
simultaneously evaluating environmental factors, similar
choices previously experienced and all written, verbal, visual
and audio data related to the problem. Decision support systems
have emerged and developed in line with requirements (Musen
et al., 2006).

Formerly, the developers of decision-making mechanisms
had main difficulty in finding information about the problem.
Presently, much more information about the problem can be
reached, but the main problem now is to evaluate all data
objectively and simultaneously. Decision support systems are
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user interactive systems for healthier, more consistent, accurate
and effective decisions without ignoring the decision maker. It
aims to assist the decision maker in accessing, summarizing,
analyzing and concluding data (Miller et al., 1982; Musen et al.,
2006).

1.1.8. Clinical decision support systems

Clinical decision support systems are computer-aided
systems that assist healthcare administrators, doctors, nurses and
experts in decision-making in their fields. The benefits of
clinical decision support systems in the field of health are
increasing progressively (Miller et al., 1982; Musen et al., 2006).

Clinical decision support systems offer many opportunities
in the healthcare field (Kohli & Piontek, 2008) and have begun
to be used in many areas such as the management of increasing
healthcare costs, determining the treatment services to be
applied to the patient, laboratory management, hospital
management, and interpretation of test results.

We can classify clinical decision support systems under 3
titles; (Musen et al., 2006).

a) Tools for knowledge management; Clinical decision
support systems for information management in healthcare
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institutions enable the storage of information and data that will
be needed by managers and clinicians and present the
information to decision makers in a meaningful way at any time
(Miller et al., 1982).

b) Systems for warning and focusing on one area; In such
systems, the abnormalities are defined, and the user is notified
of abnormal situations encountered. It also tries to prevent
abnormal situations that arise from escaping the user’s eye. For
example, if a treatment is applied to the patient, the physicians
will list the possible results regarding the treatment result. It
informs the physician about the answers to the questions on how
the drug may affect the patient’s condition when drug therapy is
applied. In general, it can be called a warning and reminder
system (Miller et al., 1982; Musen et al., 2006).

c) Expert systems; in such systems, with the knowledge
base created by the experts, patient data are processed and
diagnosis or comments are made about the patient. Expert
systems reduce the cost of services in the medical field or
provide decision support in diagnosis and treatment processes.
For instance, estimating the diagnosis of various diseases from
the symptoms of the patient has been previously conducted with
the Internist-1 project (Miller et al., 1982).

2. Materials and methods

In this study, the estimation of the risk of being infected
according to the age and the most common symptoms during the
COVID-19 epidemic, which the whole world is currently
passing through, was made by using a fuzzy logic system having
a Mamdani FIS.

The literature published in the determination of the most
common symptoms of infected patients, as well as the reports of
World Health Organization (WHO), Republic of Turkey
Ministry of Health and other countries have been taken as a
source (RTMH, 2021; WHO, 2021).

Symptoms and age data determined in the study were taken
as an input for the fuzzy model and the probability of people
being infected was taken as an output data. After the input and
output data were determined, fuzzification was performed.
Later, the probability of a person being infected is obtained by
applying defuzzification to the fuzzy output of the fuzzy rule
base and Mamdani FIS. The data processed according to
Mamdani FIS, selected fuzzification and defuzzification
methods were obtained. The designed fuzzy model was made
with Matlab R2015a scientific package program and Fuzzy
Logic Toolbox environment therein.

2.1. ldentification of symptoms

The literature published while determining the symptoms
of COVID-19 and the statements of WHO, Republic of Turkey
Ministry of Health, US Department of Health and Human
Services and the UK National Health Service were used (NHS,
2021; RTMH, 2021; WHO, 2021). Symptoms are broadly
classified into main (common) symptoms, rare symptoms, and
severe symptoms.

Front Life Sci RT 2(3) 2021 92-102

There are differences in the published literature and reports
because the exact risk factors and severity of the symptoms are
still unknown (Genc, 2020; Guan et al., 2020).

Since the COVID-19 outbreak has such an imprecise and
vague expression, it was requested to evaluate the risk of
infection with a fuzzy modeling. Generally, main symptoms are
listed as fever, cough, and joint pain-fatigue. Rare symptoms
include diarrhea, headache, loss of taste and smell. Shortness of
breath is listed as a severe symptom (CDC, 2020; Guan et al.,
2020; NHS, 2021; TRMH, 2021; WHO, 2021). In this study,
main symptoms and the severe symptom listed above were
decided to be used as an input data. The fever data, joint pain-
fatigue level and shortness of breath of the person to be informed
will be entered into the model as between 0 and 10 (0: very bad,
10: very good) and if there is a dry cough, it will be entered into
the model as 1, if not 0.

The incidence of COVID-19 disease also varies according
to age groups. According to the reports of World Health
Organization and Republic of Turkey Ministry of Health
(TRMH, 2021; WHO, 2021), it is seen that the majority of the
infected patients are in the 25-49 age group.

According to the current reports of the Republic of Turkey
Ministry of Health, 7.3% in children aged 15 and under, 13.7%
between 15-24 years old, 49.4% in the 25-49 age group, 18.5%
between the ages of 50-64, 8.4% occurred in the 65-79 age
group, and 2.6% were 80 years old and above.

In this study, the risk of people being infected will be taken
as the output data to be obtained as a result of the input data and
the fuzzy rules. The risk of being infected is divided into 5
groups.

From symptoms entered as input data fever graph is shown
in Fig. 4 (a), joint pain and fatigue graph (b), dry cough graph
(c) and shortness of breath graph (d).

In the model made in the study, age data were examined in
4 groups to obtain more meaningful data. Age data groups are:
0-24, 25-49, 50-79, 80+.The age data graph created in the model
is shown in Fig. 5.

Output data in the study were grouped as: very low, low,
medium, high and very high. Triangle and trapezoidal
membership functions are used when defining output data in the
model. In the model, the risk of infection is given in percentage
(%). The graphic created with selected membership functions is
shown in Fig. 6.

2.2. Fuzzy rule base

Some of the rules created by expert knowledge in the study
are shown in Table 1. A total of 216 rules were created.

In the designed model, after entering the age of the person,
the condition of joint-muscle pain, shortness of breath, the
presence of cough and the fever level the risk of infection were
taken as outputs. After a few data entries, the results of the model
are shown in the Fig. 7.

The figure shows the rule viewer display, the data fired
according to the input data, and the sum of the fuzzy rules
combined with the clarification process.

Table 1
Examples of the rules created by expert knowledge.
Fever (°C) Age Shortness of Breath Dry Cough Joint-Muscle Pain Risk of Infection
High 80+ High 0 (not presented) Moderate Medium
High 80+ High 0 (not presented) Not Presented Low
High 80+ High 0 (not presented) Very Much Very High
High 80+ High 0 (not presented) Moderate High
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Input data: Dry Cough: 1 (Yes) (0: not present, 1: present),
Fever: 37.9. Joint-Muscle Pain Condition: 6 (Between 0: very much and 10:
Age: 42. not present).
Breath Condition: 7 (0: very bad to 10: very good). Results: Person’s risk of becoming infected: 74.9%.
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Fig. 4. Graphics of input variables. (a) Fever data, (b) Joint pain and fatigue, (c) Dry cough, (d) Shortness of breath.
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Fig. 7. Rule viewer display. (a) The rule viewer displays on the Fuzzy Logic Toolbox, (b) Some fired rules, (c) Results graphic after fuzzification

and defuzzification processes.

3. Results and discussion

Outputs of the model are shown in Table 2. Model outputs
as risk of infection are ranked (%) from low to high.

3D graphics of the designed model were drawn according
to variables such as age-fever, age-shortness of breath, age-joint
and muscle pain. 3D graphics created on Fuzzy Logic Toolbox
are shown in Fig. 8, Fig. 9 and Fig. 10.

In this study, it was aimed to make predictions based on the
symptoms of the disease by using fuzzy logic with the data of
the pandemic COVID -19 that affected many people globally. In
the first learning stage of the study, when the results of the
estimation module constructed with the existing parameters in
Fig. 4 a, b, c and d are examined, it is observed how the model
will accommodate the estimate when taken from the real-life
scenario.

Similarly, age data were observed to be compatible with
the conducted studies and published hospital admissions. Model
outputs as the percentage of infection were obtained by using a
fuzzy rule base designed with expert knowledge and a proper
defuzzification operation. In this context, 50 different patients
set were formed depending on the experimentally applied data.
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The fever, age, breathing condition, the presence of dry
cough, joint and muscle pain belonging to these patients were
added to these data sets and the risk of infection calculated as a
result. As a result of randomly entered data with fuzzy logic
created by us, infection risk at rates varying between 12.5-83%
was determined. It is generally observed that the prediction
deviation is less in studies conducted with fuzzy logic. In the
fuzzy system designed by us, it is predicted that exposure and
laboratory consumables will decrease, and it is in line with the
studies mentioned in literature survey.

4. Conclusion and recommendations

There are almost no areas where software technology does
not enter the human life. It is obvious that software support is
required in order to ensure uniformity in the variations that occur
in treatment approaches depending on the variability of
experience despite the sample of information in the health
sector.

Fuzzy logic makes it available to effectively deal with
uncertainties in the decision-making process of electronic health
records. In our study, a fuzzy logic based clinical decision.
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Table 2
The outputs of the fuzzy decision support system.

Outputs of the Model

Data No. Fever (°C) Age Breath Condition Dry Cough Joint-Muscle Pain Risk of Infection (%0)
1 36.0 8 10 0 (not presented) 10 12.5
2 36.1 18 10 0 (not presented) 9 17.3
3 35.9 77 10 0 (not presented) 10 17.8
4 36.5 23 8 0 (not presented) 5 25.3
5 39.2 13 9 0 (not presented) 7 27.5
6 37.5 21 10 0 (not presented) 7 28.3
7 39.0 14 8 0 (not presented) 7 30.5
8 36.2 41 6 0 (not presented) 9 30.6
9 36.8 71 7 0 (not presented) 4 30.6
10 37.0 49 4 0 (not presented) 8 30.7
11 36.6 28 4 0 (not presented) 7 30.8
12 38.3 86 9 0 (not presented) 8 34.6
13 38.9 28 8 0 (not presented) 8 36.0
14 38.1 32 7 0 (not presented) 8 38.2
15 36.7 35 9 0 (not presented) 3 38.9
16 36.8 57 4 0 (not presented) 8 39.9
17 37.0 30 8 0 (not presented) 2 41.3
18 35.9 77 7 1 (presented) 9 41.3
19 38.0 64 6 0 (not presented) 6 42.2

20 374 40 9 0 (not presented) 4 43.3
21 36.3 36 1 0 (not presented) 2 435
22 40.0 58 9 0 (not presented) 6 44.6
23 38.7 64 6 0 (not presented) 4 45.0
24 385 28 7 0 (not presented) 8 459
25 37.9 37 6 0 (not presented) 4 46.1
26 37.5 11 8 1 (presented) 6 50.1
27 36.8 26 6 1 (presented) 9 50.9
28 36.7 17 7 1 (presented) 3 51.5
29 37.9 35 6 0 (not presented) 1 55.8
30 38.3 26 3 1 (presented) 9 58.9
31 38.7 26 9 1 (presented) 10 59.0
32 37.1 61 2 1 (presented) 4 60.4
33 37.2 47 3 1 (presented) 9 61.3
34 37.3 37 2 1 (presented) 9 62.0
35 37.6 25 9 1 (presented) 3 62.0
36 39.6 53 7 1 (presented) 9 65.0
37 36.4 29 4 1 (presented) 4 65.7
38 39.6 67 8 1 (presented) 7 66.0
39 37.2 36 8 1 (presented) 4 66.4
40 39.9 70 8 1 (presented) 8 67.8
41 38.1 53 2 1 (presented) 8 70.2
42 39.5 82 3 1 (presented) 4 70.8
43 37.2 41 7 1 (presented) 5 72.0
44 39.8 57 6 1 (presented) 7 74.7
45 37.7 42 7 1 (presented) 6 74.9
46 38.7 43 6 1 (presented) 7 75.1
47 39.2 31 6 1 (presented) & 76.8
48 38.9 29 3 1 (presented) 5 78.1
49 38.6 34 5 1 (presented) 5 81.8
50 40.0 37 1 1 (presented) 1 83.0
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Fig. 10. (a) Output of the designed model, age-shortness of breath, (b) distribution of the age-shortness of breath according to the colored map.

support system is obtained as a pretest of COVID-19 for
obtaining a risk scale to ensure that tests are directed to the right
people.

It is difficult to break the resistance of the physicians
related to artificial intelligence based decisions. However, the
proposed fuzzy logic based system never replaces a physician;

on the contrary, it is thought to contribute to the public health
and health economy by supporting the physician's decisions. In
addition to the rise of virtual communication in the COVID-19
pandemic, which occurred during the current decade and
changed the world, it is observed that the effectiveness of
software-supported prediction modules also became prominent
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and the concept of home healthcare services increased.

In addition to the insidious and changing symptoms of
COVID-19, its fatal course continues without clear information
about the public health risks. Considering the analysis of the
fuzzy logic decision support system designed in this study, it is
seen that positive results in estimation can be obtained using five
different symptoms as input.

If new symptoms are decided to be appended to the
proposed system, this can be easily obtained by adding new rules
and revising the current rules to adapt to other symptoms.
Therefore, the proposed system could support the clinicians and
doctors in the diagnosis processes of COVID-19 by manually
adapting as the disease change. When the results of our study are
analyzed, it is observed that the related literature also has
compatible results with our estimation results and that it is a
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Abstract

Plants are sessile organisms affected by changing environment, especially biotic and abiotic stress. Long non-coding RNAs
(IncRNAs) became prominent as crucial regulators in diverse biological mechanisms, including developmental processes and stress
responses such as salinity. In this study, salinity related IncRNAs were sequenced and analyzed according to homology based on
rice and maize IncCRNA sequences. After sequencing, 72HASATROOT and 72TARMROOT were identified as 568 bp, additionally,
72HASATSHOOT and 72TARMSHOOT were also 568 bp according to reference sequence which are the member of the natural -
antisense IncRNA with 565 bp. Besides, 77HASATROOT and 77TARMROOT were identified as 676 and 644 bp, additionally,
TTHASATSHOOT and 77TARMSHOOT were 666 bp according to reference sequence alignment that reference sequence was 667
bp and the sno-IncRNA member. Sequencing studies demonstrated sequence alterations resulted in secondary structure changes
which may affect the adaptation of varieties in response to stress. As a conclusion, rapid evolution of IncRNAs may be another force

for adaptation to changing environment in plants.

Keywords: Barley, Hordeum vulgare L., long non-coding RNAs, sequence analysis

1. Introduction

Long non-coding RNAs (IncRNAs) are more than 200
nucleotides (nt), opening a new branch for RNA studies, while
the eukaryotic genomes were constituted only a small portion of
the protein-coding genes. IncRNAs mainly has no coding
sequence (CDS) or open reading frame (ORF) (Ulitsky and
Bartel, 2013; Chekanova, 2015). IncRNAs are produced
approximately from whole genome parts, including sense and
antisense strands of a protein-coding genes, intergenic regions,
and introns (Mattick and Rinn, 2015).

The functions of IncRNAs are still mystery and under
investigation. However, the studies are point to fact that they
became prominent as important regulators in gene expression at
the transcriptional, post-transcriptional and post-translational
levels (Flynn and Chang, 2014; Ren et al., 2021; Statello et al.,
2021). Functional analysis of InNcRNAs demonstrated they are
involved in nuclear structure integrity process by controlling the
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chromatin remodeling complexes and regulating the expression
of either nearby genes or genes elsewhere in cells (Rinn and
Chang, 2012; Goff and Rinn, 2015; Song et al., 2019; Grossi et
al., 2020).

In recent years, reports on the plant IncRNAs have
demonstrated they act as key regulatory elements in nearly all
developmental process, including root organogenesis (Ganguly
et al., 2021), flowering time (Heo and Sung 2011; Ghorbani et
al., 2021), photo morphogenesis (Wang et al., 2014), and
reproduction (Zhang et al., 2014; Fang et al., 2019). The studies
reported plant IncRNAs with diverse biological mechanisms
played in developmental process, biotic and abiotic stress
responses (Swiezewski et al., 2009; Heo and Sung, 2011; Wang
etal., 2014).

Evolutionary conservation has been considered as useful
metric for evaluating the functional importance of genes,
although lack of sequence conservation does not imply the
opposite (Johnsson et al., 2013; 2014). IncRNAs are found to
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evolve rapidly based on the comparison of INcCRNA exons or
mRNA untranslated regions or protein-coding sequences or
(Marques and Ponting, 2009; Young et al., 2012; Ramirez-
Colmenero et al., 2020).

Interestingly, processing and localization of conserved
IncRNAs are not conserved, indicating that these processes
contribute the rapid evolution of function (Ulitsky and Bartel,
2013; Guo et al., 2020). While some IncRNAs are sytenically
conserved across multiple species, some of them only share low
level of sequence homology (Tsagakis et al., 2020).
Additionally, tissue specificity of IncRNAs is found to be
conserved compared to mRNAs (Hezroni et al., 2015).
However, expression levels of the same IncRNAs are distinctly
regulated in different tissues (Karlik and Gozukirmizi, 2018).
Additionally, IncRNA promoters are strongly conserved,
indicating that selective limitations may act at the transcriptional
level (Necsulea et al., 2014; Tsagakis et al., 2020).

In our previous study, the expression levels of maize
(CNTO0018772) and rice (CNTO0031477) IncRNAs were
evaluated in four different barley cultivars (Beysehir 99, Hasat,
Konevi 98 and Tarm 92) under salt stress conditions. Our study
showed the expression levels of both INCRNAs were down-
regulated compared to control. However, one of these barley
cultivars, Tarm92, showed up-regulation for rice (CNT0031477)
IncRNA (Karlik and Gozukirmizi, 2018). In this study, both
IncRNAs sequences were retrieved from barley cultivars (Hasat
and Tarm 92) according to sequence homology. Sequences from
both root and shoots of INCRNAs were analyzed for secondary
structure and splicing events to understand the processing of
RNA.

2. Materials and methods

The PCR products of CNT0018772 and CNT0031477
were used for sequence analysis and then re-sequenced. By
using BLASTN, the sequence homology search was conducted
in barley genome retrieved from the Ensembl website (Ensembl
Plants, 2021). The nucleotide sequences of IncRNAs of barley
were submitted to GenBank (accession numbers CNT0018772
for 72HASATROOT MK369941, 72HASATSHOOT
MK369942, 72TARMROOT MK?369943, 72TARMSHOOT
MK369944, and CNTO0031477 for 72HASATROOT
MK?369945, 72HASATSHOOT MK369946, 72TARMROOT
MK?369947, 72TARMSHOOT MK369948).

To validate IncRNAs, the sequences were > 200 bp were
selected as IncRNAs. The NCBI ORF Finder was utilized to
ensure that transcripts encode no ORFs or incomplete ORFs
were considered as IncRNA candidates (NCBI, 2021). For
coding potential evaluation, the Coding Potential Calculator 2
(CPC2) (Kang et al., 2017) and Coding-Potential Assessment
Tool (CPAT) (Wang et al., 2013) were used that they are relied
on the detection of quality, completeness, and sequence
similarity of the ORF to protein in current protein databases.

The excision of introns or alternative splicing events (AS)
were analyzed by ACESCAN?2 (Yeo et al., 2004) and NetGene?2
databases (Hebsgaard, 1996). The bioinformatics tools were
used to identify to exonic/intronic splicing enhancers. ESE
Finder 3 was used to define (ESE Finder, 2021) putative ESES
associated with common serine/arginine-rich splicing factors
(Cartegni, 2003; Smith et al., 2006). The secondary structure of
IncRNAs were predicted by using Vienna RNA package
RNAfold bioinformatics tool (Lorenz et al., 2011; RNAfold,
2021).
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3. Results

To obtain barley IncRNA sequences, PCR analysis was
performed using probe-primers of CNT0018772 and
CNTO0031477 indicated in probe design and used Hasat and
Tarm cDNA as a template. To validate the two new putative
barley IncRNA, PCR products were re-sequenced, which were
~120 bp and ~95 bp for CNT0018772 (maize) and CNT0031477
(rice), respectively. According to sequencing results, the
sequence homology search was conducted to isolate new
IncRNASs in barley genome retrieved from the Ensembl website
by using BLASTN (Altschul et al., 1990; Ensembl Plants, 2021).
After re-sequencing, homolog sequences of maize CNT0018772
IncRNAs were obtained as 1370 and 1393 bp in. Hasat for roots
and shoots respectively, additionally, as 1303 and 1350 bp in.
Tarm for roots and shoots, respectively. However, re-sequencing
results showed that homolog sequence of rice CNT0031477
IncRNAs were found to be as 2496 and 1451 bp in. Hasat for
roots and shoots respectively, additionally, as 1378 and 1345 bp
in. Tarm for roots and shoots, respectively. Also, coding
potential of the re-sequenced regions of Hasat and Tarm barley
IncRNas were analyzed by using CPC2 (Kang et al., 2017) and
CPAT (Wang et al., 2013) programs, resulting in no coding
potential.

4. Discussion

The evolutionary history of IncRNAs may contribute to
understand their functionality. Plenty of IncRNAs exhibited
rapid evolution process in terms of sequence and expression
levels, while tissue specificities were often conserved. However,
evolutionarily conserved IncRNAs tend to demonstrate stable
and critical functions across species, despite their low number
(Necsulea et al., 2014; Andergassen et al., 2019). Studying with
IncRNAs includes serious research challenges, such as the lack
of the strong statistical signals associated with protein coding
genes, ORF, G+C content and codon-usage biases, also the lack
of the 2D or 3D structure information (Rivas and Eddy, 2000).

Recently, LncRNA:DNA triplex formation was used to
reveal the general mechanism of IncRNAs directing gene
regulation and mediating 3D chromatin organization (Soibam
and Zhamangaraeva, 2021). In this study, two barley INCRNAs
were re-sequenced which were homologous with maize and rice
InNcRNAs. Barley IncRNAs CNT0018772 for—MK369941,
MK369942, MK369943 and MK369944— revealed that these
sequences were associated with barley CNT20168342 IncRNA
according to CANTATAGdb (Szczeséniak et al., 2016). Obtained
re-sequencing data CNT20168342 were resulted with 1370
(MK369941), 1393 (MK369942), 1303 (MK?369943) and 1350
(MK369944) bp, while CNT20168342 IncRNA was 443 bp.
Additionally, re-sequencing studies demonstrated MK369945,
MK369946, MK369947 and MK369948, which are homolog
with rice IncRNA CNT0031477 were found to be 2496, 1451,
1378 and 1345 bp, respectively. Homology and RNA processing
analysis showed that both these two IncRNAs were possibly
under processing, indicating that these IncRNAs undergo the
excision of introns or AS due to ACESCANZ2 (Yeo et al., 2004)
and NetGene2 databases (Hebsgaard, 1996). Characterization of
splicing enhancers of these two INcRNAs were exhibited in Fig.
1. Studies indicated that AS is a mechanism which is now not
only creating multiple protein isoforms. Moreover, AS produces
and regulates small and long non-coding RNAs (Ulitsky and
Bartel, 2013). After analyzing of sequences 72HASATROOT
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Fig. 1. Characterization of splicing enhancers of re-sequenced barley IncRNAs. (A) Representative display of ESE elements in 72 barley
IncRNAs sequences, (B) Representative display of ESE elements in 77 barley IncRNAs sequences.
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Fig. 2. The re-sequencing analysis of CNT0018772 comparing with reference barley genome (The letters in dark rectangles are highly
conserved, while the letters in green rectangles are not conserved).

Fig. 3. The re-sequencing analysis of CNT0031477 comparing with reference barley genome (The letters in dark rectangles are highly

conserved).
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and 72TARMROOT were identified as 568 bp, additionally,
72HASATSHOOT and 72TARMSHOOT were also 568 bp
according to reference sequence alignment that reference
sequence (chr2H:21427685:21430889:-1) was 565 bp. Also,
sequence alignment with reference barley genome demonstrated
that these INcRNA was not conserved and may have rapid
evolutionary turnover in barley genotypes (Fig. 2). However, the
majority of INCRNAs can be transcribed from different part of
the genome, including intergenic regions, promoters, enhancers
or even introns (Guttman et al., 2009; Khalil et al., 2009; Yang
etal., 2011; Salzman et al., 2012), indicating that this event may
be regulated by alternative forms of IncRNAs or different
IncRNA interactions which needs further studies to validate.
Regulation of CNT0018772 IncRNA by AS may influence gene
expression under salinity stress conditions according to our
previous gene expression study results. Our previous expression
studies demonstrated that expression levels of CNT0018772
IncRNA were down- regulated. After sequence analysis,
7THASATROOT and 77TARMROOT were identified as 676

and 644 bp, additionally, 77HASATSHOOT and
TTTARMSHOOT were 666 bp according to reference sequence
alignment that reference sequence

(chr5H:612797513:612800868:-1) was 667 bp. Also, sequence
alignment with reference barley genome demonstrated that only
small part of this INCRNA was conserved (Fig. 3), suggesting
these IncRNA was not conserved, and may have rapid
evolutionary turnover in barley genotypes. Besides in our
previous expression studies, expression analysis of
CNTO0031477 IncRNA indicated these IncRNA could be
expressed both shoot and root tissues under 150 mM salt
treatment and control condition, suggesting that these INCRNA
may not be tissue specific (Karlik and Gozukirmizi, 2018).

In plants, as more forms and functions of AS are
considered to modulate diverse biological mechanisms,
including flowering time, circadian rhythms, and response to
stress (Simpson et al., 2016; Ling et al., 2017; Verhage et al.,
2017; Zhang and Xiao, 2018; Dikaya et al., 2021). IncRNAs in
plants influence the gene expression and regulation both in
direct and indirect ways. For example, COLDAIR effects
flowering time based on chromatin state and structure or
APOLO effects on auxin action by chromatin looping (Heo and
Sung, 2011; Ariel et al., 2014).

In our previous study, expression levels of maize IncRNA
CNTO0018772 interacting with maize 40S ribosomal protein S6
(RPS6) (Szczesniak et al., 2016; Karlik and Gozukirmizi, 2018),
which phosphorylates eukaryotic ribosomes, initiating the
translation was observed. Sequence analysis of re-sequenced
these barley IncRNA was located on chr2H:108632412-
108644592 (-), while this barley genome region comprises
HORVU2Hr1G010890 and HORVU2Hr1G010870 protein-
coding genes homolog with 40S ribosomal protein S6 (RPS6) in
barley, suggesting these barley IncRNAs may be antisense
IncRNA which may also be paired with RPS6 as a natural
antisense- coding protein pairs InNCRNA (NAT-IncRNA). This
study suggests that CNT0018772 IncRNA may regulate RPS6
expression by AS based on RNA-RNA interaction database
(Szczesniak et al., 2016). Moreover, homology analysis among
two —Hasat and Tarm— and Morex revealed that these barley
IncRNA exhibited low sequence conservation. Diederichs
(2014) evaluated the IncRNA evolution at four dimensions,
including sequence, structure, function and syntenic expression
adds up to IncRNA conservation. Although there are a few
experimental cases showed sequence conservation levels of

10
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IncRNAs, most IncRNAs demonstrated weak or untraceable
primary sequence conservation (Nitsche and Stadler, 2017;
Tavares et al., 2019), suggesting that secondary structures
among IncRNA homolog may be more conserved than the
sequences.

Chen and Carmichael groups (2009; 2010) identified a
class of IncRNAs named as small nucleolar RNA-related long
noncoding RNAs (sno-IncRNAs) which are produced from
introns and have a unique structure (Yin et al., 2012). snoRNAs
are conserved nuclear RNAs (about 70-200 nt), modifying small
nuclear (SnRNASs) or ribosomal RNA (rRNA) or involving in the
processing of rRNA during ribosome subunit maturation (Kiss,
2001; Boisvert et al., 2007; Matera et al., 2007). snoRNAs are
classified into two main groups: box C/D and box H/ACA
snoRNAs. The processing of snoRNAs differs based on the
sequence content among introns (the number of encoded
snoRNA genes) that some introns are used to produce IncRNAs,
whereas others are used to generate sSnoRNAs (Wilusz, 2016).
Re-sequencing analysis of CNT0031477 IncRNA revealed that
these INCRNAs were at chr5H:612799183- 612799474 (-) and
chr5H:612921653-612921944 (+). Additionally, according to
Ensemble data, chrbH:612799183-612799474 (-) genome
region contains one transcript named as
HORVU5Hr1G101570.1 which is no protein coding gene, and
there snoRNAs (ENSRNA050017778, ENSRNAO050017798
and ENSRNA050017792). Chr5H:612921653-612921944 (+)
genome region was also found to be contained one transcript
named as HORVU5Hr1G101650.2 and three snoRNAs
(ENSRNA049476433, ENSRNA049476461 and
ENSRNAO049476383), indicating these IncRNA might be a
member of sno-IncRNA class. To date, at least 19 tissue- and
species-specific sno-IncRNAs have been determined in different
studies (Zhang et al., 2014). In human chromosome 15, most
known sno-IncRNA, which regulate AS and many other post-
transcriptional events, is produced from the 15911-q13 region
is exposed to genomic imprinting and involved in Prader—Willi
Syndrome (PWS) (Sahoo et al. 2008; Yin et al., 2012). However,
sno-IncRNAs have not been identified yet and, their functions
are still unknown. Moreover, sequence analysis among other
IncRNAs have also uncovered that these sno-InRNAs are semi-
conserved on the contrary the idea of most IncRNAs undergo
rapid sequence evolution and may play important roles (Ulitsky
etal., 2011; Ramirez-Colmenero et al., 2020). Due to their tissue
specific expression nature, products of sno-IncRNAs, which
could be snoRNA or IncCRNA, should be investigated in further
studies, also depending on condition matter.

To date, there has a passing acquaintance with IncRNA’s
secondary structure and the interaction between structure and
function. In mammals, conservation of IncRNAs in primary
sequence, and gene structure are rare at orthologous, indicating
IncRNAs undergone rapid turnover during evolution (Kutter et
al., 2012; Wood et al., 2013; Ramirez-Colmenero et al., 2020).
Some mutations could favor evolutionarily positive selection by
stabilizing RNA structures within IncRNAs. However, Parallel
Analysis of RNA Structures (PARS) study showed that
physiological stimuli mostly altered RNA structures in yeast
(Wan et al., 2012). While they compared the RNA structure
stability, ncRNAs including, rRNA, tRNA, snoRNA and
snRNA exhibited more stability than protein coding mRNAs. In
this study, Vienna RNA package RNAfold bioinformatics tool
was used to create the predicted secondary structure of eight
IncRNA transcripts sequences (Fig. 4). The results demonstrated
primary sequence alterations resulted in secondary structure
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Fig. 4. The re-sequencing analysis of CNT0031477 comparing with reference barley genome. The letters in dark rectangles are highly conserved.

changes. As known, these secondary structures can affect the
higher- order of tertiary structures which can be associated with
the interaction of RNA-binding proteins (RBPs), direct catalysis
functions, formation of scaffolds, and regulation of
posttranscriptional modifications (Cruz and Westhof, 2009; Qi
et al., 2021). Interestingly, RNA secondary structure may be a
significant mark for sensing a signal. Specifically, RNA folding
can be conformationally altered in response to fluctuations in
temperature, covalently modified nucleotides, cellular
osmolarity or other signals (Narberhaus, 2010; Kortmann and
Narberhaus, 2012; Qi et al., 2021), indicating that secondary
structure of these IncRNASs studied in this study may be altered
by sensing of osmatic stress. However, | determined the
expression levels of CNT0018772 and CNT0031477 were found
to be down-regulated in our previous study, suggesting that
secondary structure alterations may not influence functions of
these INCRNAs.

Understanding the structure of IncRNAs which are
considered as emerging regulatory elements will be crucial to
fully comment the evolution, form, and function (Johnsson et al.,
2014; Fanucchi et al., 2019; Soibam and Zhamangaraeva, 2021).

Identification of conserved IncRNAs is one of the
problems for evaluating the origin of the IncRNAs which is still
unknown. According to low level of sequence conservation,
IncRNAs may not evolve by using the gene duplication event
in comparison with protein-coding genes. However, it is
assumed that protein-coding genes lose their original function
and become IncRNAs (Hezroni et al., 2017; Tsagakis et al.,
2020). Another possibility of emerging INcCRNAs is non-coding
parts of the genome such as promoters might eventually gain
function as a INcCRNA (Tsagakis et al., 2020). However, plants
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Karaciger hiicreleri ve organoidlerin ii¢ boyutlu kiiltiirlerinde kullanilmak
tizere gelistirilmis biyomalzemeler
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Oz

Doku miihendisligi ve biyomiihendislik ¢aligmalar1 basta olmak iizere biyoloji ve kimya gibi temel bilimlerin son zamanlarda
iizerinde odaklandig: disiplinlerarasi bir ¢aligma olan 3 boyutlu (3B) biyobasim teknigi en yenilik¢i teknolojilerden biridir. 3 boyutlu
biyobasim, yarali veya hastalikli doku ve organlari biyolojik olarak taklit edebilecek (biomimetik) doku ve organlarin yapiminda
¢esitli uygulamalara sahip gelismekte olan bir teknolojidir. Bu yontemde hiicreler, biiyiime faktorleri ve biyomalzemeler birlestirilir
ve hibrit bir biyomalzeme elde edilir. Biyomalzemeler vasitasiyla canli hiicreler ile katman katman, istenilen sekil, miktar ve
fonksiyonda hiicre iskeletleri (scaffold) iiretilebilir. Ozellikle karaciger gibi karmasik dokular1 olusturmak igin biyobasim teknigi
ile doku iskeleleri olusturmak oldukg¢a dnemli bir yaklagimdir. Hem dogal hem de sentetik kokenli polimerlerden yapilan biyo
baglantilar, karaciger gibi yumusak dokulara baski uygulanmasi noktasinda avantaja sahiptir. Bu derlemede 6zellikle hepatositler
lizerine yapilan ¢aligmalar incelenmis ve derlenmistir.

Anahtar kelimeler: 3 boyutlu (3B) biyobasim, biyomalzemeler, doku miihendisligi; karaciger hiicreleri; organoidler

Developed biomaterials for use in three dimensional cultures of liver cells and
organoids

Abstract

The 3D bioprinting technique, which is an interdisciplinary study on which basic sciences such as biology and chemistry,
especially tissue engineering and bioengineering studies, has recently focused on, is one of the most innovative technologies. 3D
bioprinting is an emerging technology with various applications in the construction of tissues and organs that can biologically mimic
injured or diseased tissues and organs (biomimetic). In this method, cells, growth factors and biomaterials are combined and a hybrid
biomaterial is obtained. By means of biomaterials, cell scaffolds of desired shape, quantity and function can be produced layer by
layer with living cells. Creating tissue scaffolds with bioprinting technique is a very important approach, especially to create complex
tissues such as liver. Biolinks made from polymers of both natural and synthetic origin have the advantage of applying pressure to
soft tissues such as the liver. In this review, studies on hepatocytes were examined and compiled.
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G. Demirel
1. Giris

Karaciger, kandan amonyagmn uzaklastirilmasi ve
metabolik islevlerin yerine getirilmesinde rol oynayan &nemli
bir organdir (Wells, 2008). Karaciger ayn1 zamanda parankimal
(hepatositler) ve parankimal olmayan hiicreleri de iceren
kompleks bir yapidadir. Hepatositler, karaciger fonksiyon-
larin ¢ogunu yerine getiren farklilagmus epitel hiicrelerdir.
Karaciger hiicreleri hem homotipik hem de heterotipik hiicre-
hiicre ve hiicre-ekstraseliiler matriks (ECM) etkilesimleri
sergilemektedir. Hepatositler,  bosluk  baglantilari,  siki
baglantilar, ara baglantilar ve dezmozomlar yoluyla birbirleriyle
yogun bir sekilde etkilesime girerler. Hepatositlerin diger
parankimal olmayan hiicrelerle etkilesimi, normal karaciger
fonksiyonunun stirdiirilmesinde onemli bir rol
oynamaktadir. Bu etkilesimlere esas olarak parakrin sinyalle-
mesi aracilik etmektedir (Elvevold ve ark., 2008; Turner ve ark.,
2011). ECM, hepatositlerin ve parankimal olmayan hiicrelerin
farklilasmig  fenotiplerinin ekspresyonunu kontrol etmek-
tedir. ECM bilesenleri, hiicre yapigmasi ve mimarisi i¢in oldugu
kadar hiicre iskelet yapisinin bakimi i¢in de oldukca
onemlidir. Hastalikli karaciger durumunda, ECM normalden
sirotik agamaya dogru sertlesir ve karaciger hastaligmin tespiti
icin bir belirte¢ olarak islev goriir (Bogert ve LaRusso,
2007). Karaciger hastaliklart ya kalitsaldir ya da sonradan
edinilmistir. Bu gibi karaciger hasarlar1 ve karacigerin sinirl
rejenerasyon  kapasitesi  biyo-yapay organ iiretiminin
gelistirilmesine yol ac¢mustir. Bu alanda ¢alismak doku
mithendisligi stratejilerinin entegrasyonunu gerektirir ve bu da
iic boyutlu (3B) basim teknolojilerinden biiyiik 6l¢iide etkilenir.

Biyolojik basim, hiicreleri hiicre uyumlu malzemelerle
(6rn. polimerler veya hidrojeller) ve sertlestirme islemleriyle
(6rn. foto capraz baglama) birlikte eszamanli olarak yazdiran bir
3 boyutlu basim iglemi olarak tanimlanabilir (Lauschke ve ark.,
2016). Biyomalzemeler, hiicreler ve biyoaktif molekiilleri, canli
ve islevsel doku yapilarint olusturmak igin istenen tasarim ve
konumu saglayabilir. 3B biyobasim teknikleri, karmasik
dokularm gelistirilmesi i¢in umut verici niteliklere sahiptir. U
boyutlu basim teknolojileri ile hepatik yapilar {iretilebilir.
Sentezlenen bu driinler uzun siireli canlilik, islevsellik ve
mekanik stabilite saglayabilir (Wells, 2008). Bu derlemede, ti¢
boyutlu hepatorganoidler icin kullanilan biyomalzemelere,
dogal ve sentetik basim tekniklerine ve farkli polimerlere kisa
bir giris yapilmistir. Ug boyutlu biyobasim ile ilgili son yapilan
caligmalara odaklanilarak giincel yayinlar derlenmistir.

2. 3 boyutlu biyobasim ve 6n kosullar:

Ug boyutlu basim, bilgisayar programlar1 araciligi ile X, Y
ve Z koordinat diizlemlerinde farkli malzemelerin katman
katman eklenmesiyle karmasik formlarin yiiksek hassasiyetle
uretilmesini saglar (Murphy ve Atala, 2014; Munaz ve ark.,
2016). Ug boyutlu biyobasim, hasarli doku ve organlar1 onarmak
veya degistirmek ic¢in doku iskeleleri {iretmek amaciyla
kullanilir. Farkli 3B basim teknikleri tiirleri mevcuttur. Genel
olarak ekstriizyon biyobasim, miirekkep piiskiirtmeli basim,
lazer destekli basim ve stereolitografik basim olarak
siniflandirilabilir (Tamay ve ark., 2019). Ekstriizyon biyoyazici,
en yaygin kullanilan 3B biyobasim yontemidir. Piston, siirekli
bir kuvvetle uygulandiginda, ayr1 damlaciklar yerine kesintisiz
silindirik ¢izgileri ¢ikarabilir. Yiiksek viskoziteli malzemeler
icin uyumluluk saglar. Neredeyse tiim biyo-baglantilar cesitli
malzemeleri ayni anda makul bir maliyetle yazdirabilir. Bu
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yontemin temel avantaji, herhangi bir viskoz malzeme
kullanarak biiyiik 3 boyutlu yapilar iiretebilmesidir. Dezavantaji
ise islem sirasinda yiiksek mekanik strese maruz kalinmasi
nedeniyle hiicre canliliginin engellenmesidir (Murphy ve Atala,
2014).

Kullanilacak polimer ile biyo-basim yapilabilmesi i¢in
uyulmasi gereken belirli kriterler vardir. En 6nemlisi her tiir
biyomalzeme i¢in gecerli olan polimerin biyouyumlulugu-
dur. Polimer, hiicre i¢in toksik olmamalidir, hiicrelerin basim
sonrasi proliferasyonu ve/veya genislemesi i¢in yapisal destek
ve yiizey saglamak {izere polimerin sito-yapiskan olmast 6nemli
olabilir. Diger oOnemli 06zellik ise polimer ¢ozeltisinin
viskoelastik veya reolojik 0Ozelliklerinden biiyiik 6lgiide
etkilenen polimerin basilabilirligidir ve bu da ¢ozelti igindeki
polimer konsantrasyonuna baghdir (Wang ve ark., 2015; 2018;
Wang, 2019a). Genel anlamda, yiiksek viskoziteye sahip bir
polimer ¢ozeltisinin daha kararli iriinler sentezlemesi
beklenmektedir. Biyomalzemenin bir diger dnemli 6zelligi ise
bozunma kimyasi ve basili yapmin sertligidir. Ciinkii her ikisi
de istenilen ilgili dokunun 6zelliklerine uygun olmalidir
(Blaeser, 2016; Panwar ve Tan, 2016). Biyolojik bozunabilirlik,
doku fonksiyonlarinin yenilenmesi ile baglantilidir. Sertlik ise
proliferasyon ve farklilasma gibi ¢oklu hiicresel aktivitelerle
iligkilidir ve bdylece ilgili dokunun yenilenmesine katkida
bulunur (Kolesky ve ark., 2016).

3. Karaciger hiicrelerinde biyomalzeme olarak kullanilan
polimerler

Polimerler, kovalent baglarla baglanmig tekrar eden
monomer birimlerini olusturan biiyiik zincirlerdir (Causa ve
ark., 2006). Kokenlerine goére polimerler ya dogal ya da
sentetiktir (Tablo 1). Dogal polimerler, bitki ve hayvan hiicre
dist matrislerinde bol miktarda bulunur ve bu nedenle
dokularin/organlarin  hiicre digi matrisine biiyilk oranda
benzerlik gosterir. Bu benzerlik biyomalzemelerin birincil tercih
sebebidir. Tercih sebepleri sirasiyla biyouyumlu olmasi,
biyolojik olarak pargalanabilir olmasi, toksik olmamasi, nemi
muhafaza etmesi ve belirli fizyolojik kosullar altinda
anjiyogenez, nérojenez, lenfogenez, organojenez ve doku/organ
olgunlagsmasint desteklemesidir (Hospodiuk ve ark., 2017;
Gopinathan ve Noh, 2018).

Dogal polimerler, biyolojik olarak sentezlenen, sentetik
polimerler ise laboratuvarlarda ve cesitli endiistriyel is
kollarinda insan yapim iiretilen malzemelerdir. Ozelliklerini
onceden tanimlanmig kosullar gosterir. Sentetik polimerlerin
temel avantaji, 6rnegin dokularim/organlarin belirli 6zelliklerini
taklit etmek gibi uygulamanin ihtiyacina gore tasarim yapma
imkan1 saglamasidir. Ayrica, biyomalzemelerin fizikokimyasal
ozelliklerinin belirli kimyasal modifikasyonlarla uyarlanmasina
ve ayarlanmasina da izin verirler (Wang, 2019b). Bu avantajlar,
monomerlerin zincir uzunlugu, molekiiler agirligi, dallanmasi,
geometrisi ve dagilimi {izerinde kontrol saglar ve bdylece
polimere istenen 6zellikler kazandirilabilir.

4. Dogal polimerler

Dogal polimerler, 6zellikleri nedeniyle yumusak dokularda
kolay calisilabilmesi ile siklikla tercih edilir. Pek ¢ok dogal
polimer hepatorganoidlerde biyomiirekkep olarak kullanilmak-
tadir. Jelatin ve aljinat, 3B hepatik biyobasim i¢in yaygin olarak
kullanilir. Tek zincirli bir polimer olan jelatin, balik, sigir veya
domuz gibi farkli hayvanlarin dokularindan ekstrakte edilen
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Tablo 1
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Karaciger hiicrelerinin 3B biyobasimi igin kullanilan temel biyomalzemeler (Wang ve ark., 2015; Panwar ve Tan, 2016; Sarkar ve ark., 2020).

Polimer Biyomolekiil Sinifi teretie Suda Céziiniirlik Biyobozunurluk Diger Onemli Ozellikler
Baglanma
Dogal Polimerler
. . . Daha diisiik sicakliklard:
Jelatin Protein/Peptit Evet Coziiniir Evet atia dustic sicak tiarda
kendi kendine jellesme
Aljinat Polisakkarit Hayir Cozuniir Evet Katyonik jellesme
Agaroz Polisakkarit Hayir Yiiksek sicaklikta ¢oziiniir Evet Olaganiistii mekanik destek saglar
Kolajen Protein Evet Diisiik pH’ta ¢oztiniir Evet 37 ° C’de yiiksek jellesme siiresi
Seliiloz Polisakkarit Hayir Coziilmez Hayir Uzun siireli uygulama i¢in verimli
. . . Zayif jell kanik
Kitosan Polisakkarit Hayir Diisiik pH’ta ¢oziiniir Evet LSS e T
mukavemet
Sentetik Polimerler
. Mekanik mukavemet
PEG Polieter H Oziinii H . s
e ¢ Gzindr . tizerinde etkili kontrol
pPCL Polyester Hay1r Coziilmez Evet Sert yapilar tiretir
SPLGA Polyester Hayir Suda bozulur Evet -
Hiicresizlestirilmis Matris
z(araciger _Proteinlfer, polisakkari_tler, Evet Coziiniir Evet Dogal kimyasal yapiytve
dECM glikoproteinler, proteoglikanlar mikro geometriyi korur

PEG: polietilen glikol, 2PCL.: polikaprolakton, 3PLGA: poli (laktik asit-ko-glikolik asit), “dECM: hiicresizlestirilmis hiicre dis1 matris.

kolajenin {iglii sarmal yapisinin kismi hidrolizinden ve
kirilmasindan elde edilmektedir. Jelatin, biyolojik tamponlarda
ve hiicre kiiltlirii ortaminda yiiksek oranda ¢6ziiniir olup, 3B
baskai i¢in hiicre ve biyoaktif madde yiiklii biyolojik baglantilarin
hazirlanmasma destek verir (Panwar ve Tan, 2016). Dogal
polimer olan jelatinin yiiksek diizeyde biyouyumlu ve sito-
uyumlu olmast ve immiinojenik olmamasi ideal bir polimer
oldugunu gosterir. Jelatin, tim hiicre tipleri icin tamamen toksik
degildir ve in vivo ortamda sitokin aktivasyonu ve inflamasyon
gibi ters bir immiin yanita neden olmaz (Liu ve ark., 2018). Ayn1
zamanda, baglanma icin hiicre zari {izerindeki integrinler
tarafindan taninan tripeptid motifi Arg-Gly-Asp igerir. Colosi ve
ark. (2016), yaptiklarn c¢alismada jelatin ve aljinat bazh
biyomiirekkep ile basilan ii¢ boyutlu hiicre iskeleleri iizerine
HUVEC hiicreleri miikemmel yapigsma sergilemistir ve ayrica
olusturulan hiicre iskelesinde kullanilan aljinat bazh
biomiirekkep hiicre gociinii ve hizalanmasint destekledigini
gostermistir.

Wang ve ark. (2008) ve yani sira Gaetani ve ark. (2015),
strastyla jelatin bazli hidrojel ve basilt yap1 lizerine karaciger ve
kardiyak progenitdr hiicrelerin daha iyi yapistigini gosteren
calismalar yapmiglardir. Jelatin biyolojik olarak parcalanabilir
ve biyoyazicilar ile basilabilir. Bu durum jelatini biyoink
se¢iminde mitkemmel bir polimer yapar. Xiao ve ark. (2011),
yaptiklar1 ¢alismada ise jelatin bazli hidrojellerin %80’lik
degradasyon oranina sahip oldugunu gostermislerdir.

Biyobasim i¢in jelatin ¢dzeltisinin basilabilirligi viskozite
orant ile belirlenir ve bu da polimer konsantrasyonuna ve ¢ozelti
icin bazi katki maddelerine baglidir. Bu kriterler hiicreler,
biyoaktif maddeler, diger biyomateryaller (karisimlar ve
kompozitler i¢in) vb. olabilecek diger ¢esitli maddelere baglidir
(Gauvin ve ark., 2012).

Kang ve ark. (2016) tarafindan iiretilen hiicre iskelesi ise
biyomiirekkep olarak kullanilan biyomalzemeler jelatin,
hyaluronik asit, fibrinojen, gliserol ve hiicrelerin bir kompozitini
icermistir. Bu caligmada daha diisiik jelatin konsantrasyonu,
basili yapinin stabilitesinin azalmasia ragmen daha iyi hiicre
yasayabilirligi sergilemistir. Baski sonrasi hiicre iskelesinin
stabilitesi hem fiziksel jellesmeye hem de kullanilan kimyasalin
¢apraz baglanma derecesine baghdir.

Jelatin, zayif fiziksel c¢apraz baglanma ile diisiik
sicakliklarda kendi kendine jellesme yetenegine sahiptir, ancak
basildiginda zayif mukavemetli yapilar olusturur. Basili yapilari
stabilize etmek i¢in bazi kimyasal ¢apraz baglama ydntemleri
kullanilabilir. En yaygin 6rneklerden biri, jelatinin amino asit
yan zincirleri ile Schiff’in baz olusumu yoluyla glutaraldehit ile
capraz baglanmadir. Ideal bir jelatin konsantrasyonu ve capraz
baglama yontemi, istenen mekanik mukavvamiyet ve
biyouyumluluga sahip hepatik hiicre iskeleleri olusturulmasini
saglayacaktir (Gauvin ve ark., 2012). Bu gibi ¢apraz baglanma
yontemlerinin yani sira, foto ¢apraz baglama ayrica jelatinin
metakriloilasyonu ile jelatin metakrilati (GelMA) olusturur.
Metakriloil gruplari, jelatinin amino asit yan zincirlerinin amin
ve hidroksil gruplarina dahil edilir. GelMA’nin c¢apraz
baglanmasi, suda ¢ozlinlir bir foto baslatict eklenmesi ve
ardindan UV 1gmina maruz birakilmasiyla saglanabilir (Wang,
2019a).

En yaygin kullanilan foto baslaticilar, 5 mg/ml’lik bir sulu
¢ozlinirliige sahip olan 2-hidroksi-1-[4-(2-hidroksietoksi)
fenil]-2-metil-1-propanon igerir (Yue ve ark., 2015). Biyobasim
ile elde edilen hiicre iskeleleri; GelMA yapisinin sertligi ve
hiicre canliligina, polimer konsantrasyonuna, foto baslatict
konsantrasyonuna ve UV i1s18in yogunluguna baglidir. Bu
parametrelerin dogrulugu igin yapilan bir ¢aligmada, diisiik UV
yogunluklarmin hem diisiik hem de yiiksek foto baslatici
konsantrasyonlarinda daha iyi hiicre canlilig sergiledigi ortaya
konulmustur. Bununla birlikte, olusturulan hiicre iskelelerinin
de diisiik sertlige sahip oldugu gosterilmistir. Bu ¢aligma ayrica,
optimum 6zelliklere sahip bir hiicre iskelesi elde etmek i¢in UV
15181 ile maruz kalma siiresinin de goz ardi edilebilecegini
gostermistir (Pepelanova ve ark., 2018).

Aljinat, algin veya alginik asit, kahverengi deniz yosunu
alglerinden elde edilen dogal, negatif yiiklii veya anyonik bir
polisakkarittir. Polimer, sirasiyla jellesmeye katilan ve
malzemeye esneklik kazandiran B(1-4)-D- mannuronik asit ve
a-(1-4)-L- guluronik asitten olusur (Murphy ve Atala, 2014).
Aljinat da jelatin gibi suda oldukg¢a ¢oziiniirdiir, ancak jel gecis
sicakligt 0 °C’nin altindadir. Bu durum oda sicakligi veya
fizyolojik sicaklikta baski yaparken herhangi bir fiziksel
jellesme durumunu ortadan kaldirir. Bununla birlikte, aljinat,
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Ca*? gibi katyonlarla iyonik olarak gapraz baglanabilir (Wang,
2019b). Polimerin karboksilat gruplart hem zincir i¢i hem de
zincir dis1 selatlanarak biyobasim ile elde edilen hiicre
iskelelerine stabilite kazandirmak i¢in kullanilir (Liu ve ark.,
2018). Park ve ark. (2017), CaCl kullanilarak katyonik gapraz
baglama ile diisiik ve yiiksek molekiil agirlikli aljinat melez
biomiirekkep elde etmislerdir.

Aljinatin biyouyumlulugu jelatine gore daha disiiktiir,
ancak in vivo uygulandiginda ters immiinolojik reaksiyonlara
neden olmaz. Ayrica aljinat biyolojik anlamda parcalanabilir ve
hiicreye yapigsmaz. Bask1 sonrasi elde edilen hiicre iskelelerinin
stabilitesi biiyiik olgiide iki degerlikli katyon tarafindan ¢apraz
baglanma oranina baglidir, ancak polimer ve iyon arasindaki
iyonik etkilesimi kesintiye ugratabilen ortamin pH’mna oldukga
duyarlidir (Liu ve ark., 2018). Uygulamalarda, aljinat ¢ozeltisi
once hiicre ve/veya biyoaktif molekiiller ile birlikte yiiklenir,
basilir ve daha sonra Ca*? piiskiirtiilerek veya 1slatilarak ¢apraz
baglama katyonlarinin devreye girmesi saglanir (Wang, 2019b).
Uygulamanin dezavantaji ise katyonlar zamanla hiicre
iskelelerinden sizint1 yapabilir, capraz baglanma tersine
cevrilebilir ve elde edilen yapt uzun vadeli iglevsellik i¢in
katyonlar ile yeniden islem gerektirebilir (Stanton ve ark.,
2015). Aljinatta basilan yapmn islevselligi, polimer
konsantrasyonuna, hiicre yogunluguna ve c¢apraz baglanma
derecesine baglidir. Aljinat, karaciger, kalp, kemik ve kikirdak
gibi  bircok farkli dokunun biyobasiminda basariyla
kullanilmistir (Lee ve Mooney, 2012).

Agaroz, denizde yasayan kirmizi deniz yosunu alglerinden
elde edilen bagka bir dogal polisakkarittir. B-D galaktopiranoz
ve 3,6-anhidro-a-L-galaktopiranoz blogu olan tekrarlanan
agarobiozdan olusur (Wang, 2019a). Hiicre iskelelerinde
kullanilmak igin olusturulan modele oldukga iyi mekanik destek
saglar ve yaklagik 30-45 °C jellesme sicakligina sahiptir (Liu ve
ark., 2018). Fan ve ark. (2016), matrigel ve agarozun hibrit bir
biyo-baglantisin1 gelistirmiglerdir. Agarozun temelde kullanim
amaci mirekkebin basilabilirligini iyilestirmek ve basili
yapilarin mekanik ozelliklerini arttirmaktir. Bahsi  gegen
¢alismada da bu amagla kullanilmistir. Jellesme sicakligi ise
polimerin konsantrasyonuna baghdir. Agaroz yiiksek diizeyde
biyouyumlu olmasia ragmen sitoyapiskan degildir (Mao ve
ark., 2017).

Diger 6nemli dogal polimer, tim doku ECM’sinin ana
bileseni olan, oldukga biyouyumlu ve sito-yapiskan bir malzeme
olan kolajendir (Elvevold ve ark., 2008). Jelatin gibi, kolajen de
hiicre yapismasini, ¢ogalmasini, gogiinii ve farklilasmasini
destekleyen Arg-Gly-Asp motifini icerir (Liu ve ark., 2018).
Kolajenin biyo-baga dahil edilmesi biyobasimli yapimin
anjiyogenezini ve vaskiilarizasyonunu arttirdigi goésterilmistir
(Kreimendahl ve ark., 2017; Yang ve ark., 2018). Kolajenin
capraz baglanma 06zelligi pH ve sicakliktaki degisiklikler ile
kolayca saglanabilir. Ancak fizyolojik sicaklikta jellesme siiresi
yaklasik olarak 30 dakika siirebilir. Kolajenin en 6nemli 6zelligi
ise Ozellikle in vivo ortamda yiiksek oranda biyolojik olarak
pargalanabilir olmasidir (Stratesteffen ve ark., 2017). Bu
ozelligi, 3 boyutlu hepatorganoid olusturulurken kolajen
kullaniminda bir kisitlamaya neden olabilir (Gopinathan ve Noh,
2018).

Dogrusal bir polisakkarit olan seliilloz da biyomiirekkep
olarak iki farkli bi¢imde kullanilmaktadir. Birincisi, metilasyon
derecesine bagli olarak son derece ayarlanabilir 6zelliklere sahip
olan ve fizyolojik sicakligin altinda jel olusturabilen
karboksimetil seliilozdur. fkincisi, temelde nano yapili seliiloz
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olan ya kristal ya da elyaf bigiminde olan nanoseliillozdur
(Muller ve ark., 2017). Nanoseliiloz, kikirdak rejenerasyonu igin
yapilarin biyolojik olarak yazdirilmasinda kapsamli ve basarili
bir sekilde kullanilmigtir.

Agaroz gibi seliiloz da biyouyumludur ancak sito-yapiskan
degildir. En onemli avantaji ise seliilozun biyolojik olarak
par¢alanmamasidir ve bu da onu uzun siireli uygulama igin
verimli kilar (Markstedt ve ark., 2017). Karacigerin 3 boyutlu
biyobasiminda kullanilan bir diger dnemli polimer de kitosandir.
Kitosan, kabuklu deniz canlilarindan elde edilen kitinin
deasetilasyonuyla elde edilen bir polisakkarittir. Biyouyumludur
fakat sito-uyumlu degildir, biyolojik olarak pargalanabilir ve
antibiyotik 6zelligi gosterir. Bununla birlikte, yetersiz mekanik
ozellikler (6rn. kirilganlik) ve jellesme yetenegi 3 boyutlu
biyobasim i¢in kullaniminda dezavantaj olusturur (Liu ve ark.,
2018).

5. Sentetik polimerler

Bir¢cok ii¢ boyutlu basim i¢in uygun sentetik polimer
mevcuttur. Ozellikle polietilen glikol (PEG), polikaprolakton
(PCL) ve poli (laktik-ko-glikolik asit) (PLGA) esas olarak
hepatik yapilarin biyobasimi i¢in kullanilir. En ¢ok karaciger
yapilarinda kullanilani ise PEG hidrojelleridir, PCL ve PLGA
ise daha ¢ok yumusak dokulara benzer yiiksek su tutma
kapasitesi gosteren dokularda kullanilir. Bu polimerler
ayarlanabilir mekanik 6zelliklere sahiptirler ve bu nedenle hem
sert (6rn. kemik) hem de yumusak (6rn. karaciger) dokulari
tasarlamak i¢in kullanilabilir (Gopinathan ve Noh, 2018).

Karacigerin biyobasimi i¢in en yaygin olarak kullanilan
sentetik polimer, poli etilen oksit (PEO) olarak da bilinen
PEG’dir. PEG, suda miikemmel ¢oziiniirliige sahip, Amerika
Birlesik Devletleri Gida ve Ilag Dairesi (FDA) onayli bir
polimerdir (Wang, 2019a). Ayn1 zamanda biyouyumludur ve
immiinojenik degildir. Sito-yapigkan olmasa bile PEG’in
terminal hidroksil gruplari, polimerin ¢apraz baglanmasini
saglamak icin kimyasal olarak akrilat, karboksilat ve/veya tiyol
seklinde tasarlanabilir. Mekanik mukavemet, capraz baglanma
derecesi ile kontrol edilebilir. PEG ¢ozeltisinin viskozitesi
yalnizca molekiiler agirliga baghdir. Bundan dolay1 ekstriizyon
esasli baski ve miirekkep piiskiirtmeli baskida kullanilacak PEG
¢oztimleri ile yiiksek viskozite elde edilemez (Gopinathan ve
Noh, 2018). Diger bir popiiler sentetik polimer ise non-toksik,
biyouyumlu, hidrofobik, sito-yapiskan olmayan ve yavas
biyolojik bozunma gosteren PCL’dir. PCL kloroform, benzen ve
toluen gibi organik ¢oziiciiler ile ¢6ziilebilir ve bu nedenle hiicre
yiklii yapilarin dogrudan basilmasinda kullanimi sinirlidir
(Gopinathan ve Noh, 2018). Dahasi, yapilarin sertligi nispeten
yiiksektir ve bu da karaciger i¢in uygun olmayabilir. Bunlarin
disinda, laktik asit ve glikolik asidin lineer bir polyesteri olan
PLGA da hepatik yapilarin 3 boyutlu baskisi i¢in kullanilmaistir.
PLGA olduk¢a basarili biyouyumluluk gosterir ve biyolojik
olarak pargalanabilirlige sahip FDA onayli bir polimerdir
(Wang, 2019a).

Polimerin bozunabilirligi, kopolimerdeki laktik ve glikolik
asit igerigi degistirilerek ayarlanabilir. Ayrica glikolik asit oram
ne kadar yiiksekse bozunma siiresi de o kadar diisiik olacaktir.
Bununla birlikte, suyun PLGA i¢in bir ¢oziicii olarak
kullanimin1  smirlayan su igindeki ester baglarmin hizh
hidrolizine maruz kalir (Gopinathan ve Noh, 2018). Bu durum
PLGA ile hiicre yiikli yapilarin ve hiicre iskelelerinin
olusturulmasini sinirlar.
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Tablo 2
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Son 5 yilda 3 boyutlu hepatik biyoyazict ile ilgili nemli ¢aligmalarin 6zeti (Panwar ve Tan, 2016; Lewis ve ark., 2018; Sarkar ve ark., 2021).

Kullanilan Kullamlan Biyolojik Baski .. .
Biyoinkler Hiicre/ler Siireci Basih Yapilar Uygulama Onemli Bulgular
Karaciger Miirekkep 2D ve 3B Yapay doku/organ Geligmis bastlabilirlik ve mekanik
S NIH3T3, HUVEC . karacig killi . . . . L
'dECM jelatin puiskiirtmeli ara(}:/l;g;rljre H yenilenmesi ozelliklere sahip dECM toz bazli biyoink
Pluronic F127- Ekstriizyon Tlag taramast igin Ogretici sinyaller olmadan
. HepG2 / C3A Bk o . .
Aljinat & esaslt 3B kare yap: in vitro model biyobasimda 3B hepatik model
. Gelismis
Farkl dik . . . . .
. Ekstriizyon ardid r.ne islevsellige sahip 60° dikme agisina sahip iskeleler
Jelatin Huh7 acilarina sahip 3B S E . . . .
esasli Kafes in vitro hepatik artmus karaciger fonksiyonlari gosterdi
model
2PCL
Karaciger HepG2, Ekstriizyon 2B ve 3B desenler Hepatik doku Optimum mukavemet ve farklilastirma
dECM; BMMSC’ler esasl mithendisligi kapasitesine sahip biyoink baski yapilari
kolajen
Aljinat-seliiloz Fibroblastlar, insan Ekstriizyon 3B petek vapist Hepatik doku Miikemmel basilabilirlige sahip
nanokristaller hepatom hiicreleri esaslt petek yapts mithendisligi yeni seliiloz bazli biyoink
. Tek kanall1 kiibik, Karaciger - . e .
3 . Ekstriizyon A . X i Disiik sicaklikta biriktirme tiretim cihazi
PLGA Aseliiler silindirik, dalli tig rejeneratif .
esaslt . . kullanan PLGA ¢ok kanall iskeleler
kanalli yarim kiire iskeleler
Birincil Ekstriizyon Kisisellestirilmi Tuimerojenisitenin korunmastyla in vitro olarak
Jelatin-aljinat hepatoseliiler . 3B kiip g g $ . J,_ I
. . . esaslt tip kiiltiirlenen 3B baskil1 birincil hiicreler
karsinom hiicreleri
R Birincil intrahepatik . L s . . L
Jelatin-aljinat- .. . Ekstriizyon . Kisisellestirilmis Antikanser ilag testi i¢in hastaya
. kolanjiokarsinom 3B kiip . .
matrigel . . esasli tip 6zel 3B biyo baskili model
hiicreleri
HepG2 / C3A Miirekkep . Dogrudan biyoreaktor kiiltiir haznesinde
‘GelMA L . lactk te organ . .
Ge sferoidleri puskiirtmeli Stvi damlact Cipte orga basilmig hepatik sfero yiiklii biyonik
. Lx2, birincil fetal In vitro il . S . S
Kolajen I- L b C eta Ekstriizyon Daort kollu tro ilag Ek islevsellik i¢in diger bilesenleri birlestirme
aktive hepatik y1ldiz taramasl, hastalik .. . S
hyaluronan N . esaslt tekerlek yapisi ; becerisine sahip ayarlanabilir biyoink
hiicreleri modellemesi
Aljinat-seliiloz Ekstriizyon Hepatik doku iki hiicrenin hassas konumlandirilmastyla iki
. NIH3T3, HepG2 3B petek Lo . . I
nanokristal-GelMA P esash petei yapist mithendisligi hiicreli karaciger lobiil-mimetik yapilart
Karaciger dECM- Insan kaynakli Dijital 151k I¢ disli benzeri . . Yiksek ¢oziiniirlikli dijital 151k islemeli baski
- ; Karaciger ikamesi - L
GelMA hepatositler isleme yap1 ile uyumlu yeni biyoink
I gind . .
hiicreler (hASC’ler) £ Eer rejenerasy
Fare birincil
Aliinat hepatositleri, Ekstriizyon 3B ki Hepatik doku 3B biyobasimli yapida hepatik ve
] mezenkimal kok esaslt P mithendisligi kok hiicrelerin birlikte kiiltiirti
hiicreler
Aljinat Fare kay.nakll Ekstriizyon 3B kiip Biyo yapay Hepatik hiicre kaynag1 (.)larak
hepatositler esaslt organlar fare kaynakli hepatositler
. . Fare birincil Miirekkep Hepatik doku Baski sirasinda hiicrelerin kontrollii
Galaktosile aljinat L o . Jel levha . s o .
hepatositleri puskiirtmeli mithendisligi 3B geometrik diizenlemesi
Aljinat Fare blr.|n0|! Ekstriizyon 3B kip Heipatlk dokvu Birincil hep%tosnlierln uzu.rl yadell
hepatositleri esasl miihendisligi canliligi ve islevselligi
. Ekstriizyon . . . HepG2’nin gelistirilmis
Aljinat HepG2 3Bk R tif' t
Jina & esasl P €jeneratit tip karaciger fonksiyonlari
Sigan birincil
hepatositleri, Ekstriizyon . . . Parankimal ve parankimal olmayan
Atelocollagen . B R f
telocollage HUVEC, insan esaslt 3B kiip ejeneratitip hiicrelerin ortak kiiltiirii, anjiyogenez
akciger fibroblast:
Karaciger dECM- HepLL, Caki-1 Litografi Mikr(?aklskan Tiimor iler.leme Bébr?k .F?.rTseri. hl'.j.crel.erinin karacigere
GelMA cihaz modeli g0¢il i¢in ¢ip lizerinde metastaz
Insan akciger Ekstriizvon Enfeksiyon ve Baskili doku modeli, aksi takdirde sferoid
dECM-aljinat- HepaRG esasl? 3B kiip bulagma modellerde elde edilemeyen kapsamli
jelatin caligmalari transdiiksiyona izin verdi
Birincil
kriyoprezerve insan . Iki bolmeli . . Her hiicre tipinin belirlenen yerlere
S . Ekst In vitro hepatik . S .
NovoGel hepatositleri, hepatik struzyon diizlemsel p hassas bir sekilde iletilmesi, dogal
N . esasl k model
yildiz hiicreleri, geometri doku yapisinin tekrarlanmasi

HUVEC

LdECM: hiicresizlestirilmis hiicre dis1 matris, 2PCL: polikaprolakton, 3PLGA: poli (laktik asit-ko-glikolik asit), “GelMA: jelatin metakrilat.

116



G. Demirel

6. Hiicresizlestirilmis matris

Hiicresizlestirilmis  karaciger  ckstraseliiler — matrisi,
karacigerin kimyasal ve/veya enzimatik olarak hiicresizlestiril-
mesiyle elde edilen dogal biyomalzemelerin ve molekiillerin bir
karigimidir (Pati ve ark., 2014). Bu sekilde elde edilen
hiicresizlestirilmis ECM (dECM) liyofilizasyon ile toz haline
getirilebilir ve hiicre yiiklii yapilarin basilmasi igin biyolojik
tamponlar veya farkli biyomalzemeler ile ¢6ziilebilir (Jang ve
ark., 2016). Hiicresizlestirme yontemi dogal kimyasal bilesimi,
mikrogeometrisi ve karacigerin biiylime faktorleri gibi
biyomolekiillere sahip olmasi ve ayrica in vitro hepatik
hiicrelere in vivo benzeri bir ortam saglayabilen bir
biyomalzeme olmasi ile giivenli bir mikrogevre sunar.
Genellikle dECM, fizyolojik pH ve sicaklikta jellesmeye baglar
ve bu da 3 boyutlu baskida kullanimi igin uygun oldugunu
gosterir. Ancak dECM soliisyonlarinin diisiik viskozitesi de
dezavantaji olarak soylenebilir (Pati ve ark., 2014).

Karacigerin ekstraseliiler matrisi, Glisson kapsiiliinii,
merkezi damarlari, portal yollarin1 ve siniizoid duvarlarin
olusturan yalnizca %3’liikk bir karaciger alanmi kapsar.
Karaciger ekstraseliiler matrisinde en ¢ok bulunan bilesen, tip I,
I11 ve V’in de mevcut oldugu kolajen I'V’tiir (Jang ve ark., 2016;
Pati ve ark., 2015). Bunun disinda glikoproteinler (fibronektin,
laminin vb.) ve proteoglikanlar (heparin, hyaluronik asit,
kondroitin siilfat vb.) da karaciger ekstraseliiler matrisinin ana
bilesenleridir.  Karaciger dECM, biyomalzeme olarak
miitkemmel bir aday gibi goriinse de zayif sekil koruma 6zelligi
ve hizli biyolojik bozunma gibi nedenlerden dolay1 biiylik
yapilar1 basmak ve uzun vadeli denemeler i¢in kullanimini
kisitlar. Dahasi, dECM nin en yaygin kaynagi ksenojeniktir yani
in vivo caligmalarda immiinojenik bir tehdit olusturabilir (Wang,
2019b; Jang ve ark., 2017). Bu da, hiicresel yapilar arasinda
immiinojenik reaksiyon ortaya ¢ikarabilecegi anlamina gelir. Bu
verilere ragmen, hiicresizlestirilmis karaciger matrislerinin
hiicre yiiklii 3 boyutlu hepatik yapilari olusturmak igin
miitkemmel bir biyomalzeme aday1 oldugu yadsinamaz.

7. 3 boyutlu baskil karaciger yapilarinda son calismalar

Polimerlerin neredeyse hepsi biyo-bag olusturmak i¢in
istenen tiim ozellikleri sergileyemez. Dolayistyla, 3 boyutlu
hepatik baski iizerine yapilan g¢alismalarin ¢ogu, optimum
sartlar1 saglamasi i¢in iki ya da daha ¢ok biyomalzemenin uygun
formlarda birlestirilmesi ile kullanilir (Jang ve ark., 2016). Son
5 yilda yaynlanan 3 boyutlu hepatik biyobasima iliskin baglica
¢aligmalarin 6zeti Tablo 2°de sunulmustur.

Biyobasim hepatik yapilarm biyouyumlu yapilar olmasi
icin gelisiminde birgok yaklagim kullanilmigtir. Kim ve ark.
(2020), dECM toz temelli biyomalzemesi, domuz dECM
mikropartikiillerinin hyaluronik asit, fibrinojen ve biyoaktif
bilesenler igere jelatinde karistirilmasiyla hazirlanmigtir. dECM
biyomalzemesinin yiiksek viskozite ve kesme inceligi 6zellikleri
hem daha kolay izlenebilir olmasini hem de ECM
mikropartikiillerinin esit dagilimini sergileyebilir.

Biyomalzemenin ii¢ boyutlu basilabilirligini sergileyen ve
bu zamana kadar yapilan en biiyiik orantilarina sahip yapi elde
edilmis oldu. Ayrica, elde edilen biyomalzeme insan karacigeri
ve endotelyal hiicreler ile sito-uyumluydu. Bu nedenle ¢ok
hiicreli karaciger yapist i¢in potansiyel bir kullanim alani
olusturdu.

Gori ve ark. (2020), termoreponsif ve biyoinert yari
sentetik aljinat-pluronik biyomalzemeyi bir pluronik sablon

Front Life Sci RT 2(3) 2021 111-119

tarafindan saglanan yiiksek sekil uygunluguna sahip hepatik
yapilar1 basmak ve 1s1l tepkisel yapi ile jellesmeyi kontrol etmek
icin kullanmiglardir. Ortaya ¢ikan hepatik yapi, asetaminofene
karg1 geligsmis hepatik islevsellikler ve duyarlilik sergilemis,
boylece fizyolojik olarak daha ilgili 6zellikler gdstermistir.
Lewis ve ark. (2018), jelatin biyomalzemesi ile baskili yapinin
geometrik mimarisi ve gozenek boyutunun sirali olmasini
dikkate almiglardir. Yapi, farklilagmig hepatositler olarak bilinen
Huh7 hiicrelerinin proliferasyonunda duraklama sergilememis,
ancak albiimin sekresyonu ve MRP2 protein ekspresyonu gibi
gelismis hepatik 6zellikler sergilemistir. Lee ve ark. (2016) ise
karaciger dECM kullanilarak bir biyomalzeme ile yiiksek
dogrulukta yapilar hazirlamislardir. Yapi, mezenkimal kdok
hiicrelerin ~ (MSC’ler)  hepatik  kdkene farklilagmasini
sergilemesinin yani sira ticari olarak temin edilebilen kolajen ile
kargilagtirildiginda insan hepatoseliiller karsinom, HepG2
hiicrelerinin daha fonksiyonel &zelliklerini sergilemis oldu. Bu
calisma, sadece dECM’yi biyomalzemenin bir bileseni olarak
kullanarak kararli ve fonksiyonel hepatik yapilar iiretilmesine
olanak sagladigi i¢in ¢igir agan bir calisma olarak kabul
edilmistir. Wu ve ark. (2018), kolaylikla sekil verebilme 6zelligi
gosteren seliilloz nanokristaller ve aljinattan olusan bir hibrit
biyo-bag gelistirmislerdir. Elde edilen hibrit biyomalzeme,
ekstriizyon temelli bioprinter ile 100 um ¢apindaki bir nozuldan
rahatlikla ekstriide edilebilmektedir. Biyomalzeme ile hepatik
hiicrelerin  ve fibroblastlarin ortak kiiltiir kosullarinda
basilabildigi gosterilmistir. Wang ve ark. (2017), farkli baski
parametrelerinin optimizasyonunu ¢alismislardir. PLGA tabanli
3B baskili iskeleler i¢in polimer konsantrasyonu, noziil hizi ve
ekstriizyon hizi istenilen sekilde hazirlanmasina ragmen, duvar
kalinlig1 ve sekillendirmeye sahip karaciger yapilarmin sentezi
noktasinda bagarili bulunmamistir. Caligma, ii¢ boyutlu yapinin
kalitesiyle iimit wverici, fakat performanst ve hiicrelerle
uyumlulugu noktalarinda istenilen dogrulukta olmadigi
anlasilmistir.

Doku mithendisligi ile elde edilen karaciger yapilarinin in
vitro temel uygulamasi igin polimerik biyo-baglantilar sayesinde
3 boyutlu yazdirilmis hepatik yapilar olusturularak oldukca
o6nemli adimlar atilmaktadir. Xie ve ark. (2021) tarafindan yakin
zamanda yapilan bir c¢aligmada, hepatoseliiller karsinom
hiicreleri farkli hastalardan izole etmislerdir ve jelatin-aljinat
miirekkepler kullanilarak biyobasim yapilar {izerinde uzun siireli
kiiltiir olusturulmustur. Biyolojik olarak basilmis yapilar,
hastalarin  genetik ozelliklerini korumaktadir ve bdylece
kisisellestirilmis tip icin énemli bir adim atilmistir. Invazif ve
metastatik 6zellikler ile antikanser ilaglara yanit {izerine yapilan
caligmalar, kisisellestirilmis tibbin gelistirilmesi i¢in umut verici
sonuglar gostermistir (Mao ve ark., 2020a). HepG2/C3A sfero
yukli GeIMA biyoink kullanarak bir ¢ip iizerinde karacigeri
yazdirmak i¢in bir biyo yazici ile ara yiizii olusturulmus bir
perfiizyon biyoreaktoér kullanilmistir Platform, in vivo hayvan
caligmalarinda kullanilarak karsilagtirilabilir ila¢ yanitinin
incelenmesinde karacigere Ozgli islevsellikler ve gen
ekspresyonu gostermistir. Kollajen I-hyaluronik asit hibrit biyo-
baglayicisi, birincil insan hepatositlerinin ve karaciger yildizsi
hiicrelerinin ortak kiiltiiriinii olusturmak i¢in kullanilmigtir.
Yapi, uzun siireli kiiltiir siiresi, artmig albiimin salgis1 ve iire
sentezinin yani sira asetaminofene karst degistirilmis yanit
sergilemistir. Kisiselles-tirilmis ilag i¢in olusturulan yap1 faydali
olabilir, ancak detayli arastrima ve dogrulama gereklidir
(Gaetani ve ark., 2015; Bhise ve ark., 2016).

3B baskili karaciger yapilarindaki kayda deger
gelismelerin her biri rejeneratif tip uygulamalaridir. Asir
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karaciger hasart durumunda rejenerasyonu igin dis miidahale
gereklidir. Ya karaciger yenilenene kadar karaciger
fonksiyonlarim1 yerine getirmek ig¢in bir ex situ biyo-yapay
karaciger destek cihazi saglanabilir ya da doku mithendisligi ile
yapilmig bir karaciger yapisiin in vivo implantasyonu
gergeklestirilebilir (Bhise ve ark., 2016). Son zamanlarda
oldukc¢a 6nemli veriler sunan HepG2 hiicre hattinda yapilan bir
calismada, aljinat, nanokristalin seliiloz ve GelMA kullanilarak
fibroblast ve hepatositlerin ortak kiiltiiriine izin veren bir hibrit
iic boyutlu hepatik yapi gelistirilmistir. Fare embriyo fibroblasti
(NIH/3T3), sert bir matris olusturan %1 aljinat, %3 nanokristalin
seliiloz ve %5 GelMA’dan (135ACG) olusan hibrit bir biyo-bag
tizerine yiiklenmistir. %4 GelMA {izerine yiiklenen HepG2 daha
sonra hepatik yapiya benzer bir hiicre iskeletini yazdirmak i¢in
kullanilmigtir. NIH/3T3 ve HepG2 sferoidleri, hem homotipik
hem de  heterotipik  baglantilar  olusturmasi  igin
simirlandirilmigtir.  Karaciger hiicreleri  artmig  karaciger
islevselligi ile proliferasyonda tutukluk sergilemistir (Wu ve
ark., 2020).

Rejeneratif tipta karaciger benzeri yapinin varligi igin
yapilan c¢alisma bilim diinyasin1 olduk¢a heyecanlandirmistir.
Caligmada, ii¢ boyutlu bir biyobasim cihazi kullanilarak ve
dijital 151k isleminden faydalanarak hepatik yapiy1 basmak igin
GelMA-dECM polimer karigimi kullanilmugtir. Insan kaynakli
hepatositler (HiHep), i¢ disli benzeri bir yap1 ve hiicresel
aktiviteler igin yiiksek bir ylizey alami ile karaciger mikro
dokusuna basilmis hiicre yiiklii biyo-bag olusturmak igin
GelMA’ya ve domuz dECM bilesimine ilave edilmistir. DECM,
biyomalzemenin basilabilirligini gelistirmis ve ayrica albiimin
sentezi ve kan iire nitrojen salgilanmasi ile Olgiilen hiicre
canlilign ve islevselligini gelistirerek umut verici sonuglar
sergilemistir (Mao ve ark., 2020b).

Lee ve ark. (2017) tarafindan yapilan bir ¢alismada ise
hepatik bloklar, insan adipoz hiicrelerinin kolajen I
biyomalzemesi ile 3 boyutlu yapi olusturmustur ve hepatosit
benzeri hiicrelere farklilagtirilmistir. Akut karaciger yetmezligi
icin indiiklenen bir siganin implantasyonunda hiicreler basili
yapidan ¢ikarildi ve 4 hafta sonra hepatik portal venlere yer
degistirmistir. Serumda artan karacigere Ozgili parametreler
degerlendirildiginde siganin karaciger yetmezligi sorununda
ortadan kalkti1 bulunmustur. Gelistirilen model, yapay
karaciger modellerine potansiyel bir alternatif olarak ortaya
cikmistir. Kim ve ark. (2018) tarafindan diisiiniilen ii¢ boyutlu
yapida ise uzun stireli kiltiir kosullar1 gelismis hepatik
islevsellik (albiimin salgisi ve iire sentezi) ve ilacin metabolik
aktivitesinin birincil hepatositleri ve mezenkimal kok hiicreleri
(MSC’ler) kullanabilmek igin aljinat biyomalzemesinin olumlu
sonuglar verebilecegi diislinlilmiigtir. MSC’ler tarafindan
salgilanan parakrin molekiilleri karaciger fonksiyonlarini
iyilestirdi ve 3 boyutlu yapit sferoidlere/organoidlere kiyasla
daha az hipoksik stres gostermistir. Fakat doku miihendisligi
ornegi olan bu g¢aligmanin ilag taramasi veya rejeneratif tip
uygulamalar i¢in daha detayli caligmalar ile dogrulanmasi
gerekmektedir. Kang ve ark. (2018), fare kaynakli hepatosit
benzeri hiicreler (miHeps) ile ¢alismiglardir. Aljinat kullanilarak
elde edilen model bir hafta siireyle in vitro olarak kiiltiirlendi ve
daha sonra karaciger fonksiyonlarinin restorasyonunu
sergileyen bir fare, karaciger hasar1 modeline in vivo implante
edilmistir.

Farkl1 bir ¢aligmaya imza atan Arai ve ark. (2017), baskili
birincil hepatositlerin polaritesini korumak icin galaktosile-
aljinat biyo-baginin kullanimimni deneysel ¢alismalar ile
gostermislerdir. Aljinat veya hepatositlerin ortak kiiltiirii, insan
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umbilikal ven endotel hiicreleri ve bir PCL ¢ercevesinde
kollajen ile basilmig insan akciger fibroblastlari ile basilan
primer hepatositlerin ve HepG2 hiicreleri ile elde edilen
verilerde bildirilmistir. Hepsi uzun siireli kullanilabilir ve
gelismis  hepatik  ozelliklere  sahiptir, ancak yapilarin
entegrasyonu i¢in dogrulanmasi gerekir (Lee ve ark., 2016; Kim
ve ark., 2017).

Hepatik doku miihendisligi i¢in Onemli uygulamalar
arasinda yer alan dECM-GelMA hibrit bilesimi ile elde edilen
basili mikro doku kullanilarak bobrek kanserinin karacigere
ilerlemesini incelemek icin bir ¢ip lizerinde metastatis modeli
gelistirilmistir  (Wang ve ark., 2020). Platform, timor
ilerlemesinin farkli agamalarinda antikanser ila¢ dozajini tahmin
etmek igin kullanilabilir. Baska bir durumda, HepaRG
hiicrelerinin aljinat-jelatin-dECM bilesenleri ile bir biyoink
olusturulup basilmasiyla bir viral enfeksiyon modeli
gelistirilmistir. Insan dECM’sinin eklenmesi, hiicre yiiklii
biyoinkin basilabilirligini ve HepaRG hiicrelerinin hepatik
islevselligini biiyiik Olciide arttirmigtir.  Biyolojik olarak
basilmig hepatik yapi, insan adenoviriis 5’in yani sira adeno
baglantili viriis tarafindan transdiiksiyon {izerine RNA
miidahalesi ile istenilen sekilde susturulan bir hedef gen olan
siklofilin B tarafindan basariyla gelistirilmis ve enfekte
edilmistir (Hiller ve ark., 2018). Bu nedenle, gelistirilen yapi,
virlis enfeksiyonunun yani sira viriis aracili gen terapisinin
incelenmesinde de ikili bir platform gorevi gormiistiir.

8. Sonuclar

Dogal ya da sentetik polimerlerin 3 boyutlu baskida
kullanilmasi, basili yapinin mekanik ézelliklerini ve sertligini
kontrol etmek i¢in ¢ok iyi veriler sunmustur. Ayrica hiicre yiiklii
biyo-baglantilarin hazirlanmasina izin vererek canli yapilarin
iiretilmesine yol agmigtir. Karaciger gibi diisiik sertlige sahip
yumusak dokularin gelistirilmesinde biiyiik bir avantaj saglamis
ve Karacigerin karmasik ve ayrintili yapisinin neredeyse
kopyalanmasina olanak saglamistir.

Dogal polimerler, biyolojik uyumlulugun en iyi
sergilendigi polimerler olmasi nedeniyle doku mihendisligi
caligsmalar i¢in birgok fayda saglar. 3 boyutlu hepatik yapilar
icin en yaygm kullanilan polimerler ise jelatin  ve
hiicresizlestirilmis matrislerdir. Bir organin dogal yapisinda
bulunan sayisiz hiicre ve ECM bileseni, yapmin yeniden
yapilandirilmasinda en biiyiik zorluklardan biridir. Bu nedenle
biyomateryal se¢iminde dikkat edilmesi gereken bu sinirlama
calismalarin en biiyilk sorunudur. Polimerlerin tek basina
kullanilmasi, mekanik mukavemet, sitoadherans ve farkli hiicre
tiplerinin islevlerini destekleme ve gelistirme yetenegi gibi
istenen tlim Ozellikleri saglayamamaktadir. Bu nedenle farkl
polimerlerin ve diger biyomateryal tiirlerinin karigimlari ve
kompozitleri kullanilarak istenilen &zellikler elde edilmeye
calisilmaktadir. Buna ragmen, ¢6ziiniirlik 3 boyutlu yapimin
elde edilmesinde en biiyiik engeldir, ¢iinkii doku inceliklerini
sergileyen yap1 elde etmek oldukga zordur.

En yaygin olarak kullanilan baski yonteminin ekstriizyon
esasli oldugu bilinmektedir. Stereolitografi ve lazer destekli
baski gibi diger 3 boyutlu baski yontemleri, ayn1 anda uzamsal
coziiniirliigl iyilestirerek yiiksek viskoziteli biyomiirekkep ve
yiksek  hiicre yogunlugunu islemek i¢in arastirila-
bilir. Calismalar esas olarak hepatik karsinom, endotelyal ve
fibroblast hiicreleri ile c¢aligmanin smirli oldugunu iddia
etmektedir. Daha fazla hiicre ¢esidinin dahil edilmesi i¢in daha
fazla karaciger hiicresine ihtiya¢ vardir.
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Bu derlemede 6ncelikle karacigerin ti¢ boyutlu biyobasimi
ile elde edilen yapilarin stabilitesini arttirmak daha sonra ise
¢esitli doku miihendisligi uygulamalari i¢in hepatik yapilari imal
edebilmek basliklari iizerinde durulmustur. Kararli ve dayanikl
yapilarin basilmasinda bir¢ok basar1 elde edilmis olsa da,
homotipik ve heterotipik hiicre-hiicre ve hiicre-ekstraseliiler
matris etkilesimlerini tesvik eden ekstraseliiler matris bilesenleri
ve hiicreler i¢in karacigerin ayrintili yapisini basmak i¢in daha
fazla arastirma ve gelistirmeye ihtiyac vardir.

Doku mithendisligi uygulamalari temel olarak in vitro ilag
taramasi ve hastalik modellerinin yani sira ex situ biyo yapay
karaciger destegi ve in vivo implante edilebilir yapilar ile
rejeneratif tibbi igerir.
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