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Toz enjeksiyon kaliplama teknigi i¢in uretilen bor karbiir besleme stoklarinin
reolojik ve baglayici giderme 6zelliklerinin incelenmesi
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Anahtar kelimeler:

Bor karbdr

Reolojik ve baglayici giderme 6zellikleri
Toz enjeksiyon kaliplama

Bu galismada, bor karblr (B,C) tozu ve gesitli polimerik baglayicilar kullanilarak toz
enjeksiyon kaliplama (TEK) besleme stogu hazirlanmistir. B,C tozu ilavesinin besleme
stogundaki kritik toz yilkleme degeri, reolojik ve baglayici giderme davraniglari
Uzerindeki etkisi farkli sicakliklarda rotasyonel reometre cihazi kullanilarak
incelenmistir. Hacimce %2,5’luk artisla %50-60 toz yikleme araliginda gergeklestirilen
incelemeler sonucunda kritik toz ylUkleme degerinin %55 oldugu tespit edilmis olup
bu kati yikleme oranindaki B,C tozu polimerik baglayicilar ile karistirilarak besleme
stogu elde edilmistir. Uygun besleme stoklari kaliplama asamasinin ardindan elde
edilen numunelerden baglayicilari uzaklastirmak igin solvent ve 1sil baglayici giderme
teknikleri kullaniimistir. Baglayicisi giderilen numuneler yiiksek safliktaki Ar atmosferi
altinda sinterlenmistir. Baslangi¢ toz morfolojileri, kaliplanmis, baglayicilari giderilmis
ve sinterlenmis numunelerin kirik ylzeyleri taramali elektron mikroskobu (SEM)
kullanilarak incelenmistir. Deneysel sonuglar hacimce %55 toz yikleme oranlarindaki
besleme stoklari basarili sekilde kaliplanabilmekte ve 50-70°C sicakliklarinda
hasarsiz solvent baglayici giderme iglemine tabi tutulabilmekte oldugunu géstermistir.
2200°C’de 1 saat sinterleme sonrasinda numunelerin yogunluklari yaklasik 1,92 g/
cm? (bagil yogunluk %75), boyutsal cekme ise %15,23 olarak olglimustir.

Investigation of rheological and debinding properties of boron carbide
feedstocks for powder injection molding
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In this study, powder injection molding (PIM) feedstock was prepared using boron
carbide (B,C) powder and various polymeric binders. The effects of B,C powder
addition on the attributes of feedstock, critical solid loading, rheological behavior and
binder decomposition behavior device at different temperatures were investiated
using rotational rheometer. As a result of the examinations carried out in the powder
loading range of 50-60% with an increase of 2.5% in volume, it was determined that
the critical powder loading value was 55%, and the feedstock was obtained by mixing
the B,C powder at this solid loading rate with polymeric binders. Solvent and thermal
binder removal techniques were used to remove binders from samples obtained after
the appropriate feedstock molding step. The debinded samples were sintered under a
high purity Ar atmosphere. Initial powder morphologies, fractured surfaces of molded,
debinded and sintered samples were investigated using scanning electron microscopy
(SEM). Experimental results showed that feedstocks with powder loading rates of 55%
by volume can be successfully molded and subjected to undamaged solvent binder
removal at temperatures of 50-70°C. After sintering for 1 hour at 2200°C, densities of
the samples were measured approximately 1.92 g/cm? (relative density 75%), and the
dimensional shrinkage was measured as 15.23%.

1. Girig (Introduction)

jeksiyon kaliplamadan turetilmis olan bir toz metalurjisi

Toz enjeksiyon kaliplama (TEK) ylUksek hacimdeki (TM) ydntemidir. Diger geleneksel TM yontemleri ile
kiguk ve karmasik sekilli metal veya seramik parga- karsilastirildiginda talasl isleme ihtiyag duyulmamasi,
larin efektif bir bicimde Uretilebilmesi i¢in plastik en-  daha dustik maliyetli olusu ve yiksek sertlikteki malze-
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melerden Uretilecek olan pargalar icin olduk¢a hassas
boyutsal tolerans saglamasi temel avantajlaridir. TEK
siraslyla; toz karisimina termoplastik baglayici karisti-
rilarak besleme stogunun olusturulmasi, istenilen sek-
lin elde edilmesi icin besleme stogunun basing altinda
kaliba enjeksiyonu, sicaklik veya ¢dzlcu kullanilarak
yapilan baglayici giderme ve son olarak numuneleri
yogunlastirmak icin yapilan sinterleme islemlerinden
olusmaktadir [1,2].

B,C, elmas ve klbik bor nitrirden sonraki en sert
Uguncl malzeme olmasinin yani sira disuk yodunluk,
yuksek nétron absorbsiyonu, iyi kimyasal ve mekanik
Ozelliklere sahiptir. Bu 0Ozelliklerinden o6tirl yuksek
asinma dayanimi gerektiren uygulamalarda, yuksek
sicaklik termoelektrik uygulamalarinda, hafif kisisel
zirh, nikleer reaktdrlerde kontrol gubugu ve takviyeli
seramik kompozitlerde elyaf olarak kullaniimaktadir
[3-6]. Ancak sahip oldugu zayif islenebilirlik ve yUk-
sek igleme maliyeti endistriyel uygulamalarda B,C’Un
karmasik sekilli pargalarda kullanimini kisitlamaktadir.
Buna ek olarak yuksek ergime noktasi, distk 6zyayi-
nim katsayisi, yiksek buhar basinci ve agirlikli olarak
kovalent bagli olmasi 6zellikleri nedeniyle yodunlas-
tirma islemi icin ylUksek sicaklik sinterlemesi gerektir-
mektedir. Literatirde yapilan bazi ¢alismalarda AlO,,
MgO, SiC, ZrO,, WC ve diger seramik malzemelerin
TEK teknigi ile Uretimi ve 6zellikleri Uzerine olan et-
kisine odaklaniimigtir [6-9]. B,C’Un TEK yoOntemi ile
Uretilmesi Uzerine az sayida ¢alisma yapildigi, yapilan
¢alismalarda ise verilerin yetersiz ve gelistirmeye acgik
oldugu gérulmastir. Bu baglamda, dstin &zellikleri
nedeniyle 6nemli bir mihendislik malzemesi olan B,C
seramigi bu ¢alismada incelenmistir.

Baglayici sistemi genellikle polimer karisimindan
olusmakta olup TEK teknidinin en dnemli pargasidir.
Baglayicinin, kaliplamaya uygun ve kolay uzaklas-
tinlabilmesi i¢in disuk viskoziteye sahip olmasi ge-
rekmektedir [10-13]. Geredinden fazla baglayici kul-
lanimi, kaliplama sirasinda baglayicilarin tozlardan
ayrismasina ve homojen olmayan pargalara sebep
olacagindan istenmeyen bir durumdur. Diger taraf-
tan, asirl toz yuklemesi ylksek besleme viskozitesi
sebebiyle akisi kisitlayarak enjeksiyon kaliplamanin
basarisiz olmasina neden olmaktadir [1,2,14,15]. Bu
nedenle kati toz ve baglayici hacim oranina bagli olan
akicilik kaliplama asamasi igin kritik 6neme sahiptir.
Besleme stogunun viskozitesi, basarih TEK prose-
sinde akis davranisini belirlemek igin gerekli olan en
onemli 6zelliktir [4,14,15].

Bu galismada TEK i¢in besleme stogunun hazirlanma-
sinin yani sira B,C’Un reolojik ve solvent ile baglayici
giderme Ozellikleri Uzerine de odaklaniimistir. Besle-
me stogunun reolojik 6zelliklerinin belirlenebilmesi igin
baglayicilarin i1sil bozunma sicakhgi, kati toz orani ve
karistirma sicakhgi tayinleri gergeklestirilmistir. Bu an-
lamda, kati orani ile sicaklik arasindaki iliski deneysel

degerlendirme icin buylk dnem tasimaktadir. Uygun
ozelliklerdeki besleme stoklarinin belirlenmesi sonra-
sinda solvent baglayici giderme davranislarinin belir-
lenmesi bir diger arastirma konusu yapiimistir.

2. Malzemeler ve Yontemler (Materials and Met-
hods)

Besleme stoklarinin hazirlanmasi igin Absco Co. fir-
masindan tedarik edilmis olan ticari safliktaki (%98,14)
B,C tozlari kullanilmistir. B,C tozunun gorandr ve vur-
gu yogunluklari sirasiyla 0,65 g/cm® ve 1,12 g/cm?®
olarak olgllmustir. Sekil 1a’da Malvern Mastersizer
cihazi ile analiz edilmis olan B,C tozunun pargacik
boyut dagihm egrisi verilmistir. Tozlarin morfolojisinin
belirlenmesi icin SEM (FEI-Srion) ile gorintilenmis ve
Sekil 1b’de verilmistir. B,C tozunun toz boyut dagilimi
D,,: 14,9 ym olarak belirlenmistir. Ayrica toz morfolo-
jisinin kdseli ve dizensiz sekilli oldugu gorilmektedir.

12@

Hacim (%)
(=]

%.0‘\ 0.1 1 10 100
Tane Boyutu (pm)

1000 3000

R, 200 ’Lv"‘-, — - Y
Sekil 1. (a) B,C tozunun pargacik boyut dagihmi, (b) B,C to-
zunun SEM gériintlsi ((a) Particle size distribution of B,C pow-

der, (b) SEM image of B,C powder).

B,C besleme stogunun hazirlanmasinda ¢ok bilesenli
polimerik baglayici sistemi kullaniimis olup hacimce
%69 paraffin mumu (PM), %20 carnauba mumu (CM),
%10 polipropilen (PP) ve %1 stearik asit (SA) kullanil-
mistir. Baglayici bilesenlerinin karakteristik ozellikleri
Tablo 1’de verilmistir. Literatlirde ve daha onceki ca-
lismalarimizda siklikla ve basari ile kullanilan gok bile-
senli baglayicilar, kaliplama asamasi igin dusuk visko-
zite sergiledikleri ve baglayici giderme agamalarinda
kisa slrede uzaklastirilabildikleri i¢in tercih edilmistir
[16,17]. Baglayicilarin 1sil bozunma sicakliklarinin tes-
piti, SIl 6300 TGA-DTA (SIl Nanaotechnology Inc., Ja-
ponya) markali termogravimetrik analiz (TGA) cihazi
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ile oda sicakhgindan 600°C’ye kadar 10°C/dk i1sitma
hizinda gergeklestirilmistir.

Tablo 1. Baglayici bilesenlerinin 6zellikleri (Characteristics of
binder components).

Ergime Bozunma

Baglayici  Uretici Sicakhigi  Sicakhgi Y?g/unlauk
(oc) (oc) gcm)
PM Merck 58 242-270 0,90
CM Merck 85 340-380 0,99
PP PETKIM 170 450-480 0,95
SA Merck KGaA 66 260-300 0,96
Kati ylUkleme oranlarinin besleme stodu reolojik
davranislari Uzerindeki etkisini gozlemleyebilmek

icin %2,5’lik artiglarla hacimce %50-60 karisimlari
hazirlanmistir. B,C tozundaki nemi gidermek igin toz-
lar etiivde 105°C’de 1 saat kurutulmustur. Her hacim
degerindeki besleme stogu, homojen karisim elde ede-
bilmek icin 180°C’de bigakl karistiricida hazirlanmistir.
Besleme stogunun reolojik davraniglari 10-1000s™
kayma hizi ve 130-150°C sicaklk araliginda rota-
syonel reometre (Anton Paar Physica MCR51, Avus-
tralya) cihazi ile analiz edilmistir. Viskozite degeri, Es.
1 kullanilarak kayma gerilmesinin kayma hizina bolin-
mesiyle bulunmustur. Esgitlikte n viskozite, T kayma
gerilmesi ve y kayma hizidir.

T
n=- (1)

Kaliplama islemi, bu ¢alisma igin 6zel olarak uretilmis
13 mm c¢ap ve 6 mm uzunlugunda Olgllere sa-
hip olan silindirik kalip kullanilarak 10 MPa basing
altinda 6zel yapim enjeksiyon kaliplama cihazinda
gerceklestiriimistir. Kaliplama islemi 140°C’de 20 sani-
ye kaliplama suresi ile gerceklestirilirken, islem boyun-
ca kalip sicakligi 40°C’de tutulmustur. Kaliplama islemi
sirasinda kalibin isitiimasi ve asiri 1Isinmaya karsin
sogutulmasi su banyosu vasitasiyla gergeklestiriimistir.
Kaliplanmis numunelerin solvent baglayici giderme
islemi 50, 60 ve 70°C’de heptan igersinde 10 saat
bekletilerek gergeklestiriimistir. Bu islem sonucunda
PW, CW ve SA gibi solvent igerisinde ¢dzlnebilen
baglayicilar ham numuneden uzaklastirilmistir ve
yapi igerisinde PP ikame edilmistir. Solvent igerisinde
kompleks olmayan baglayicilarin ¢dzindurulerek
uzaklastirlmasi numunelerde olusabilecek ¢arpiima
ve sekil bozukluklarinin dnine geg¢mekte etkili bir
yontem olarak bilinmektedir [1,2,16,17]. Solvent
icerisinde baglayicilarin ¢ézinmesi ve kesit boyunca
solvent nifuziyeti dusuk hizlarda oldugundan dolayi
uzun solvent baglayici giderme sireleri secilmistir
[10,16-18]. Baglayici giderme isleminin ardindan nu-
muneler 50°C’deki firinda her saat sonunda agirlik
Olgcimleri yapilarak toplamda 10 saat kurutulup, gider-

ilen baglayici miktari yapilan agirlik délgimleri ile tes-
pit edilmistir. Solvent baglayici giderme isleminin
ardindan numunede kalan PP’nin gideriimesi icin
yiuksek safliktaki Ar atmosferi altinda 900°C’de 6n
sinterlemeye tabii tutulmustur. B,C tozlarinin sin-
terleme islemi genellikle 2200-2280°C sicakliklari
arasinda 30 dakika olarak yapilmaktadir [5]. Sinter-
leme islemi, 6zel olarak tasarlanmig grafit rezistansli
firin kullanilarak ylksek safliktaki Ar atmosferi altinda
2200°C’de gergeklestiriimistir. Firin sirasiyla 50°C/
dk hizla 1500°C’ye, 20°C/dk hizla 2000°C’ye ve son
olarak 10°C/dk hizla 2200°C’ye 1sitilarak bu sicaklikta
1 saat bekletilmistir. Sinterleme sicakliklarina ¢ikilirken
toplam sinterleme siresinin azaltiimasi icin ylksek
hizlarda isitilan numuneler, sinterleme sicakliklarina
yaklasildikga homojen isitmanin saglanmasi igin
Isitma hizi kismen disUk tutulmustur. Sogutma
islemi ise firinin kendi rejiminde sogumasiyla ytksek
hizlarda yapiimistir [5,18,19]. Sinterlenen numunelerin
yogunluklari Arsimet prensibi ile dlgulmustir. Metal-
ografik incelemeler icin numunelerden kesit alinarak
zimparalama ve parlatma asamalarinin ardindan
elektrokimyasal olarak daglanmigtir. Kaliplanmis,
baglayicisi giderilmis ve sinterlenmis numunelerin
kirik yuzeyleri Polaron-SC 7640 (Gala Instrumente
GmbH) kaplama cihazi kullanilarak yaklasik 40A
kalinliginda karbon ile kaplanmis, sonrasinda 10-30
kV operasyon voltaj araliklarinda SEM (FEI-Sirion,
isvigre) kullanilarak goriintiilenmistir.

3. Sonuglar ve Tartisma (Results and Discussion)

Baglayicilarin TGA egrileri besleme stogunun hazir-
lanmasi ve termal baglayici giderme islemlerinin tasa-
rimina yardimci olmaktadir. Sekil 2'de baglayicilarin
sicakhga bagh agirlik kaybi egrileri verilmistir.

100 -

80 1

2
~ 60 1
=
B 4| M

20 —PM

--- Besleme Stogu
0 . T T -
0 100 200 300 400 500
Sicaklik °C

Sekil 2. Baglayicilarin TGA egrileri (TGA curves of binders).

200°C’ye kadar baglayicilarda herhangi bir bozunma
g6zlenmezken 200°C Uzerinde SA, 300°C’ye gelindi-
ginde ise diger baglayicilarin bozunmaya basladig,
475°C Uzerinde ise tum baglayicilarin tamamen bozul-
dugu gorilmektedir. Bu durum baglayici sistemindeki
temel bir ayrisma mekanizmasidir. Ozellikle farkli po-
limerik baglayicilar kullanilarak baglayicilarin sirasiyla
bozunmasi ve bozunma sirasinda kaliplanmis numu-
nelerde herhangi bir hasara yol agmamasi sinterleme
Oncesi 6nem arz etmektedir [2].
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Besleme stogunun reolojik 6zellikleri viskozitesinin,
kayma hizi ve sicaklik duyarhligina dayanmaktadir.
Besleme stogunun farkl sicaklik ve kayma hizinda-
ki viskozite degerleri Tablo 2’de verilmistir. Sekil 3'de
tum kayma hizlarindaki toz yiuklemesi ile birlikte vis-
kozite degerlerinin de arttigi gorulmektedir. Bu durum
besleme stogunun akicihgini zorlastirmaktadir [2,14].
Toz yUkleme oranin artmasi ile birlikte besleme stok-
larinin viskozite degerleri dogal olarak artmaktadir ve
bu durum besleme stoklarinin kaliplanabilirligini gtic-
lestirmektedir. Kayma hizi artis gostermesine ragmen
artan toz besleme oranlari akisi guglestirmis ve buna
bagh olarak viskozite degerleri artis gostermistir. Toz
besleme oranlarinin artmasi partikil temas sayisini
arttirir ve dogal olarak tim kayma hizlarinda viskozite
degerleri artar [2,10,20]. Bundan dolay! genel olarak
TEK i¢in arzu edilen besleme stoklarinin 100 Pa.s
degerlerini asmamasi istenmektedir [2]. Deneylerde
elde edilen sonuglara gére %57,5 ve %60 toz yikleme
oranlarinin yiksek viskozite degerlerinden dolay! ka-
liplanabilirliginin gt¢ oldugu kanisina varilmistir. Her
ne kadar kayma hizinin artmasina bagl olarak viskozi-

te degerleri disus gosterse de yluksek kayma hizlarin-
da kaliplama yapilmasi pratikte pek mumkin degildir
ve kaliplama sirasinda kaliptan fiskirma problemlerini
beraberinde getirmektedir [1,2]. Ayrica Sekil 3c-e’den
de gorulecegi lUzere artan toz ylkleme oranlari ve ar-
tan kayma hizlarina bagl olarak toz ve baglayici ara-
sinda ayrigmalar gortlmektedir.

TEK besleme stodu genellikle psoddoplastik akigkan
olarak kabul edilmektedir ve besleme stoklarinin akis
davraniglarinin belirlenmesin icin Es. 2’de verilen
Herschel-Bulkley modeli kullaniimisgtir. Burada 1 kay-
ma gerilmesi, 7, akma gerilmesi, y kayma hizi, k sabit
ve n ise akis davranis indeksidir. n degeri kayma has-
sasiyetini gostermektedir.

=10+ k()" (2)

Eger r>1, ise Herschel-Bulkley akiskani kati, aksi hal-
de sivi olarak davranmaktadir. n<1 degerleri i¢in akis-
kan incelmeye (shear-thinning) ugrarken, n>1 deger-

Tablo 2. Farkh sicaklik ve kayma hizi degerlerinde B,C besleme stogunun viskozite degderleri (Viscosities of BaC feedstocks at

different temperatures and shear rates).

Toz

Kayma Hizi (s™)

Miktari S';’og"k 11 122 273 556 768 1000
(% viv) Viskozite (Pa.s)
130 51,12 27,41 22,14 18,05 13,73 11,09
135 41,84 2379 19,83 1588 13,49 11,52
50 140 34,79 20,76 17,48 1510 11,57 9,28
145 31,25 19,63 16,53 14,00 10,40 8,02
150 28,91 17,33 14,73 1235 882 7,85
130 54,84 26,24 2148 17,31 14,32 11,62
135 48,94 24,19 19,78 1591 13,31 11,24
52,5 140 42,04 21,90 18,09 1461 12,32 10,49
145 38,44 20,59 16,19 12,72 11,08 9,38
150 39,76 23,19 19,40 16,18 10,43 8,80
130 66,69 20,89 13,12 14,93 14,10 11,34
135 66,29 22,48 14,07 14,96 13,21 11,25
55 140 56,24 24,92 1926 16,52 1342 11,32
145 4820 22,65 17,44 1421 11,74 10,34
150 46,29 21,96 17,19 1341 11,35 10,11
130 105,05 2530 18,90 13,54 10,77 9,45
135 114,67 29,31 18,82 1224 1527 10,20
57,5 140 88,53 21,32 18,60 16,80 14,66 11,55
145 82,64 21,50 13,00 13,93 13,79 11,09
150 74,24 26,30 18,05 1598 13,58 10,93
130 113,05 16,87 546 10,58 10,43 7,02
135 85,81 21,26 14,24 12,95 11,77 12,37
60 140 79,81 1165 691 11,51 11,02 10,07
145 90,35 24,70 17,04 13,14 10,44 9,39
150 84,81 20,35 16,84 1252 1125 10,27
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Sekil 3. Farkli sicaklik ve kayma hizinda B4C besleme stoklarinin viskozite egrileri: (a) %50, (b) %52,5, (c) %55, (d) %57,5,
(e) %60 (Viscosity curves of B4C feedstocks at different temperatures and shear rates 50% (a), 52.5% (b), 55% (c), 57.5% (d), 60% (e)).

leri icin kalinlagsmaya (shear-thickening) ugramaktadir.
Egder n dederi 1, 7 degeri 0’a esit ise model Newtonian
tipi akis gOsterir. n degeri ne kadar disik ise viskozite
kayma hizina o kadar hassasiyet gosterir. Kaliplama
sirasinda artan kayma hizi ile besleme stogunun vis-
kozitesinin hizla dismesi arzu edilmektedir. Yiksek
kayma hassasiyeti 6zellikle karmasik sekilli pargalarin
uretimi igin 6nemlidir fakat gok ylksek degerler de arzu
edilmemektedir. Sekil 4'te hacimce farkli toz yikleme
oranlarina sahip besleme stoklari igin 140°C’deki kay-
ma gerilmesi-kayma hizi grafigi verilmistir. Grafikten
gorilecegi gibi en dustk n degeri 0,97 olup %50 toz
yukleme oranina sahip besleme stogunda elde edil-
migtir. n degeri toz ylikleme oraninin artigina bagl ola-

9
T 8
7
g e
E 5 T 140°C
5 jzﬁﬁ - %50 vol. B,C
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@ 3 éﬂ@f - %55 vol. B,C
£ P
5 2 ﬁ o
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KaymaHizi Y —
Sekil 4. B,C Besleme stogunun 140°C’deki kayma gerilme-
si-kayma hizi grafigi (Shear stress-shear rate plot at 140°C for
B.C feedstocks).

rak artig gostermistir. Kayma hizinin artmasiyla birlikte
besleme stogunun akisinin incelmesi (shear-thinning),
partikil paketlenmesine ve baglayici molekulinin
akisla oryantasyonundan kaynaklanmaktadir [2,7].

Sekil 5'te besleme stoklarinin, sabit kayma hizinda si-
caklik-viskozite egrileri verilmistir. TUm besleme stok-
lar1 azalan viskozite ile beraber psddoplastik akis dav-
ranigl sergilemektedir. Bu davranig, sivi baglayicinin
serbest kalarak partikullerin pargalanmasindan kay-
naklanmaktadir [1,2,4]. Artan toz ylkleme orani ile bir-
likte viskozitenin de arttid1, viskoziteyi sabit tutmak icin
sicakliginda arttirimasi gerektigi gértilmektedir. Ayrica
besleme stoklarinin katilasma sicakliklari toz yikleme

100

h

M

1

Pa.s

n
[J]
&
'g -- %50 vol. B,C
< -- %52,5 vol. B,C
s -- %55 vol. B,C

10 4 4 I I I ¥ }
100 110 120 130 140 150 160 170 180
Sicaklik (°C) ——

Sekil 5. Farkli toz oranlarinda viskozitenin sicakliga bagh
degisimi (Correlation of viscosity and temperature at different pow-
der ratios).
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oranindaki artis ile birlikte artmaktadir. Sicakhdin bes-
leme stogunun viskozitesine etkisi, besleme stogunun
kaliplanabilirligini belirleyen en dnemli degiskenlerden
biridir. Artan sicakhidin ise viskozitede dislse neden
oldugu gorulmustar [3,4]. Isi uygulandiginda daha bu-
yuk 1s1l genlesme katsayisina sahip olan baglayicinin
toz hacim oranini digstrmesi ve molekil zincirlerinin
¢dzunmesiyle birlikte daha diizensiz molekuler yapinin
olugsmasi viskozitenin azalmasindaki iki temel sebep-
tir. Bu durum, TEK prosesinde viskozitenin sicakliga
baglihginin ne kadar énemli oldugunu vurgulamakta-
dir. Viskozitenin sicaklik degisimine kargi hassas olu-
su, kaliplama sirasinda meydana gelebilecek disuk
sicaklik degisimlerinin elde edilen parcalarda catlak
ve bozulmalarin gérilmesine neden olacaktir [10,12].

Sekil 6’da kaliplanmis ham numunelerin kirik ylzey-
lerinin SEM gorintisa verilmistir. Numunenin merke-
zinden alinan bu goéruntlde, baglayicilarin numune
boyunca duzenli bir sekilde dagildigi goértlmektedir.
Neredeyse tum partikillerin ¢evresinde gorulmekte
olan ince baglayici tabakasinin, kaliplama asamasin-
da akisi kolaylastirdigi dastntlmektedir. Kaliplanmis
ham numunelerin yodunluklari yaklasik olarak 1,71 g/
cm? (bagil yogunluk: %68,3) olarak dlgulmustar.

Solvent ile baglayici giderme asamasi TEK prosesinin
en 6nemli asamalarindan biridir [1,2]. Bu asamada, or-
ganik ¢ozucu icindeki dustik molekul agirlikl baglayici-
larin 6zelliklerinden yararlanilir [2]. Baglayici giderme,
molekuler hareketlilie ve ylksek sicakliga baglidir.
Solvent igerisinde baglayicinin giderilmesi icin uygun
sicaklik kullaniimalidir. Duslk sicakliklarda ¢ozicu
sivl baglayicinin igerisine yayilacagi i¢cin humunede
catlama meydana gelebilmektedir. Ayrica baglayici-

-

1 ' s .
Sekil 6. Ham parcanin kirillma yuzeyinin merkezinden
alinmig SEM gorintisl (SEM micrograph taken from center of
fracture surface of the raw piece).

nin ¢oézuciye ¢ok yavas yayllmasi numunede sisme
ve i¢ gerilmelere neden olmaktadir. Yuksek sicaklik-
larda ise baglayicilarin erimesinden dolayi ¢cokmeler
gerceklesmektedir [2-4].

Sekil 7’de kaliplanmis numunelerden uzaklastirilan
baglayici miktarlarinin sicaklik ve zamana bagh de-
gisimleri gosterilmistir. 50°C’de yapilan baglayici gi-
derme isleminde baglayicinin %80’i 5 saatin sonun-
da giderilirken, sicaklik 70°C’ye gikarildiginda siire 2
saate dismustlr. Bu durum, artan sicaklikla birlikte
molekiler hareketliligin ve difizyonun artmasindan
kaynaklanmaktadir. Artan sicaklik ve sire ile birlikte,
uzaklastirilan baglayici miktarinin bir noktaya kadar
arttigi gérulmektedir [1,2,17].

! @ 50°C

= 100

F

= 9

=} o - — 2 L
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@ —h—33%
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E..
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Siire (h)
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Uzaklagtmlan baglayier miktan (%)

Uzaklagtmlan baglayier miktan (%)
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Sekil 7. Sicaklik ve slrenin baglayici giderme miktarlarina etkisi: (a) 50°C, (b) 60°C, (c) 70°C (Effect of extraction and time on

amount of binder extracted: (a) 50°C, (b) 60°C, (c) 70°C).
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i A= P
Sekil 8. Farkli stire ve sicakliklarda solvent baglayici giderme islemi yapilmis numunelerin SEM gérintileri: (a) 2 saat, 50°C,
(b) 4 saat, 50°C, (c) 2 saat, 60°C, (d) 4 saat, 60°C, (e) 2 saat, 70°C ve (f) 4 saat, 70°C (SEM images of samples treated with
solvent debinding at different times and temperatures: (a) 2h, 50°C, (b) 4h, 50°C, (c) 2h, 60°C, (d) 4h, 60°C, (e) 2h, 70°C, and (f) 4h, 70°C).

Sekil 8'de solvent baglayici giderme islemi sonrasin-
da elde edilen ham numunelerin kirik ylizeyi SEM go6-
runtdleri verilmistir. Ana baglayicilarin giderilmesinin
ardindan numunelerde olusan acgik gbzenekler acgik
sekilde gorllmektedir. Bu gdzenekler, kalan baglayi-
cilarin termal baglayici giderme sirasinda herhangi
bir ¢atlak veya kabarcik olusmaksizin hizli bir sekilde
uzaklagtirlmasina imkan saglamaktadir. Mum bazl
baglayicilarin giderilmesinin ardindan yapida kalan
PP, numuneyi bir arada tutacak yeterli mukavemeti
saglamaktadir [8].

Sekil 9'da %55 toz ylukleme oranina sahip kaliplanmis
ve baglayicisi giderilmis (solvent ve isil) numunenin
2200°C’de 1 saat sinterlendikten sonraki kirik ylzeyi
SEM fotograflar iki farkli buyutme ile verilmistir. Yapi
icerisindeki gézenekler 6zellikle dusik buyltmedeki
SEM fotografinda net bir sekilde gorilmekte olup her
iki buyUtmedeki goriuntu tGzerinde gosterilmistir. Genel
olarak gbézeneklerin yapi icerisinde homojen dagilim
gosterdigi gortlmektedir. Bu durum toz hazirlama,
kaliplama ve baglayici giderme asamalarinin basaril
sekilde tamamlandiginin gostergesidir. Sinterleme is-
leminin ardindan yogunluk 1,92 g/cm?® (bagil yogunluk
%75), boyutsal cekme ise %15,23 olarak ol¢iimUstir.
Her ne kadar sinterleme sonrasi bagil yogunluk deger-
leri dUsUk olsa da elde edilen degerler B4C sinterleme
pratikleri ve literatur bilgilerine uygunluk tasimaktadir.

g7 ¥ = Y 4 Lod
Sekil 9. 2200°C’de 1 saat sinterlenmis numunenin kirilma
yuzeyi SEM géruntileri: (a) 500X, (b) 8000X (SEM images of
fracture surface of the sintered samples at 2200°C for 1 h: (a) 500X,
(b) 8000X).
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Sinterleme sonrasi ylksek bagil yogunluk degerlerinin
eldesi i¢in basing destekli sinterleme teknikleri veya
baslangi¢ tozlari igerisine bazi ilavelerin yapilmasi ka-
¢inilmazdir [1,6,8,9].

4. Sonuglar (Conclusions)

Tam toz-baglayici sistemleri igin kritik toz ylklemesi-
nin hemen altinda optimal bir toz yliklemesi vardir. Op-
timal toz ylklemesine sahip besleme stoklari basaril
kaliplama sartlarinin olusmasi, uygun baglayici gider-
me ve sinterleme davraniglarina bagli olarak homojen
mikroyapili ve Ustin mihendislik 6zelliklerine sahip
TEK Urinlerinin eldesi igin blyutk bir 6neme sahiptir.
Yapilan bu ¢alismada, besleme stogunun farkli sicak-
lik ve toz yUkleme oranlarinda farkl reolojik 6zellikler
gOsterdigi gorulmustir. Reolojik analizler sonucunda,
toz yukleme artisinin daha ylksek viskoziteye neden
oldugu, %50 ve %60’k toz yiukleme oranlarinin iyi ka-
risim davranisi gosterdigi, yuksek toz yikleme oran-
larinin baglayici giderme ve sinterleme islemleri igin
avantajli oldugu, ancak %55’lik toz yiukleme oraninin
daha iyi bir segenek oldugu tespit edilmistir. Ayni za-
manda %55’lik toz yikleme oranina sahip besleme
stoklarinin kolay bir kaliplama ve uygun baglayici gi-
derme kosullari sergiledigi gorulmustdr.
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Boron has significant impact on the mineral composition of teeth. Copine-7 (Cpne-7) is
secreted by pre-ameloblasts and induces dentin formation via differentiation of mesenchymal
cells of dental. The goal of this study was to see how boric acid affected the bioactivity and
expression of Cpne-7, collagen type | in dental pulp stem cell. The expression of Cpne-7,
COL-I were assessed in the boric acid treated pulp cells by molecular method on 3 and 8
days exposure. When comparing the different boric acid concentrations to the control group
in a proliferation experiment, no significant differences were noted. At 10 ng/mL boric acid,
a rise in the number of mineralized nodules was observed. Boric acid concentrations (1

Research Article

DOI: 10.30728/boron.1069145

ge!(wm_‘é& ng/mL, 10 ng/mL) increased the transcripts of Cpne-7 on day 3 and 8. Additionally, 1 ng/
Cgrr']z_"’;c' mL boric acid concentration significantly upregulated of Cpne-7 expression compared to

control group on day 3 and 8. When the 1-10 ng boric acid was compared to control group
COL-I expression remarkably enhanced in cell. According to the current findings that boric
acid may be a potent regulator of Cpne-7, which is a promising candidate for new dentin
formation in regenerative dentistry, in dental pulp stem cells and provide osteogenic efficacy

Pulp mesenchymal stem cells

in therapies aimed at dentin formation.

1. Introduction

Copine (Cpne) is a family of calcium-associated phos-
pholipid-binding proteins that is expressed in numer-
ous eukaryotic organisms [1]. Copine proteins constit-
uent structures including two C2-part (C2A and C2B)
at the N-section and an A-part at the C-section [2].
The N-terminal C2 domains are calcium-associated
phospholipid-binding in protein kinase C and respon-
sible for protein—protein interaction [3]. The C-terminal
A-domain is a plasma and extracellular matrix protein
and play function as protein-binding domain [4]. The
Cpne family of proteins consist of nine members and
it was widely expressed in the organism [5]. Except for
cpne-1, -2, -3, which are expressed in all normal tis-
sues, cpne-4 has limited expression in different tissues
such as prostate gland, heart and cpne-6 is specific
for brain function [2, 6]. Cpne-7, which is a difussing
signalling molecule, has an osteogenic diferentiation
potential of mesenchymal stem cells into odontoblasts
[6]. Lee et al. [7] displayed that cpne-7 stimulated
odontoblast differentiation and regulated hard tissue
structure. Cpne-7 stimulated odontoblast differentia-
tion in vitro and regulated hard tissue structure in vivo,
according to Lee et al. [7]. Additionally, preamelobasts
stimulate differentiation for odontogenic form dental
pulp stem cells (DPSCs) in media containing dental
epithelium-derived factors such as Cpne-7 [8].

Boron (B) is a trace element for organisms and plays
an important function in metabolism of bone formation
[9,10]. Also, B may associated with steroid hormones,
and prevents bone demineralization by limiting calci-
um loss from bone [11,12]. Our previous study dem-
onstrated that B plays vital key function via Ca, Mg,
vitamin D on bone metabolism [13]. Hakki et al. [14]
confirmed that B supplementation can be beneficial for
bone and teeth creation, restoration, potency in vitro
and in vivo. Whereas dietary B was effective on the
mineral composition and alveolar bone mineral con-
tent, it did not stimulate teeth strength and hardness
[15].

DPSCs have several important potentials such as
maintaining tissue homeostasis, injury repair and tis-
sue regeneration of teeth. [16]. In the literature, it was
suggested that the origin of DPSCs may be associated
with neural crest-derived cells [17]. Additionally, DP-
SCs are highly proliferative, clonogenic and are able to
differentiate into odontoblast compared to mesenchy-
mal stem cells derived from bone marrow [18,19]. DP-
SCs localize at perivascular and perineural pulp region
connected in the root canal to the external environ-
ments and humoral regulators such as tumor necrosis
factor alpha, preameloblast-derived factor [17,20]. In
this regard, DPSCs functions are crucial for pulp re-
generation, dentin protect, tooth vitality and homeosta-
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sis [17,21]. Oh et al. [22] revealed that Cpne-7 induces
odontoblast differentiation and dentin formation from
dental-derived mesenchymal stem cell or non-dental
origin. Also, Choung et al. [8] identified that Cpne-7 is
a candidate signaling molecule as dental epithelium-
derived factor and a key player for odontoblastic form
of DPSC of mesenchymal origin.

The goal of the present experiments was to examine
the influences of the boric acid (BA) on the prolifera-
tion, mineralization and level of Cpne-7, COL-I genes
in DPSCs.

2. Materials and Methods
2.1. Dental Pulp Stem Cell of mesenchymal Origin

DPSCs were isolated from healthy teeth via the ex-
plant culture techniques in in vitro cell cultivation.
To obtain dental pulp, appropriate ethical approvals
should be in place. We use dental pulp tissue samples
from periodontally healthy person have given their in-
formed consent using Ethics Committee of the Faculty
of Dentistry (2015/04), Selcuk University-approved
consent forms.

The dental pulp tissue is rinsed with cell culture media
(DMEM; GIBCO; Grand lIsland, NY, USA), 10% fetal
bovine serum (FBS; GIBCO), L-glutamine (600 mg/
ml; GIBCO;), penicillin (100 U/ml; GIBCO), streptomy-
cin (125 mg/ml; GIBCO) to eliminate artifact and cut
into small pieces mechanically. The dental pulp cell
grew out from tissue pieces onto the culture dish area.
Then, we observed the pulp cells can be proliferation
under inverted-microscope. DPSC of mesenchymal
origin characteristics were described according to In-
ternational Society for Cellular Therapy [23].

To acquire a surface phenotype of DPSCs analysed
with specific antibodies and immunofluorescence-
based experiments, function of telomerase for mesen-
chymal stem cells characteristics of DPSCs [24].

2.2. Boric Acid (BA) Applications

BA (Merck Millipore, Germany) was dissolved in first
in purified H,O. The final concentrations of 0.1, 1, 10,
100, 1000, 10.000, 100.000 ng/mL BA in culture me-
dium for various assays were made from 100 pug/mL
stock solution.

2.3. Real-Time xCELLigence Impedance Analysis
of Boric Acid on Proliferation of Dental Pulp Stem
Cells

In this study, cell proliferation device (xCELLigence
system, ACEA Biosciences, Inc., San Diego, CA, USA)
was utilized to assess and BA on proliferation of DP-
SCs. Cell suspensions (200 uL, 10x10° DPSMCs/well)
were transferred to cell culture plate for 24 h. After 24
hours, different BA (Merck) dosages was added to

each well (n=12), and the proliferative capacity (com-
pared with untreated control cells) of the cells was as-
sess during 170 h.

2.4. Mineralization Assay

The cells were plated at 5x10* cells/cm? in 24-well
plates in cell culture media for 24 h and added to the
following factors: [Mineralization Media (MM)= ascor-
bic acid (AA, 50 pg/mL) and -glycerophosphate (BGP,
10 mM)]; a) negative control (cell culture media), b)
positive control (cell culture media + MM), c) cell cul-
ture media + MM +1 ng BA, d) cell culture media + MM
+10 ng BA, e) cell culture media + MM + 50 ng BA, f)
cell culture media + MM + 100 ng BA. Mineralization
potential of extracellular matrix was determined on day
14 by von Kossa-based assay. For this purpose, cells
were fixed in descending alcohol concentrations to
ddH:20. Then suitable silver nitrate concentration was
applied and the photos were acquired.

2.5. Real-Time Polymerase chain Reaction (RT-
PCR)

Copine-7 and COL-I mRNA expressions were as-
sessed by RT-PCR. Total RNA was isolated from DP-
SCs treated with BA dosages (0, 1, 10 ng/mL) on 3, 8
and 16 days utilizing a RNA isolation kit (Invitrogen,
Camarillo, CA, USA). The quantitative properties of
the total RNA were measured by specific spectropho-
tometer device. Complementary DNA was performed
with 1 ug RNA using synthesis kit (Thermo Scientific,
Waltham, MA, USA). For gene expression analysis,
mix with SYBR Green dye, forward and reverse prim-
ers were supplement to the cDNA for PCR reaction
mixture (25 pL) as recommended by the supplier.
Glyceraldehyde-3-phosphatedehydrogenase  (GAP-
DH) was utilized as an housekeeping gene. The fol-
lowing genes were assessed Copine-7 (Cpne-7),
COL-I and GAPDH. Their primer sequences are as
follows: Cpne-7-(human) 5-TGGAGCTCTACAGGGT-
CAA-3'and 5- CCGGGTTCAGGTTGTTCTT-3’; COL-
[-(human)-5-GCAACATTGGATTCCCTGGACC-3’
and GTTCACCCTTTTCTCCCTTGCC; GAPDH- (hu-
man)-5'- ACCACAGTCCATGCCATCAC-3’ and 5-TC-
CACCACCCTGTTGCTGTA-3'.

2.6. Statistical Analysis

A one-way analysis of variance (ANOVA) was utilized
for proliferation assay and expression data. Subse-
quently, the results are presented as mean + standard
deviation. P values <0.05 were regarded statistically
significant.

3. Results and Discussion

3.1. Boric Acid Did Not Affect Cell Proliferation of
DPSCs

The in vitro proliferation activity of BA in DPSCs were
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Figure 1. The effect of BA on the proliferation in DPSCs utilizing xCELLigence. The DPSCs were treated with BA dosages
(0.1,1, 10, 100, 1000, 10.000, 100.000 ng/mL). Untreated cells were used as a control (red curve) and only BA applied wells
was shown as a purple curve (without cell). All cell proliferation of the DPSCs were monitored in real time for 170 hrs.

determined by utilizing real-time cell analyzer. DPSCs
were treated with different BA solutions (0, 0.1, 1, 10,
100, 1000, 10.000 and 100.000 ng/mL) and cell prolif-
eration was measured in real time for 170 h (Figure 1).
When cells were exposed to 0.1-10.000 ng/mL BA, no
changes in cell index were observed in real time. The
control group and the six BA-treated groups had no
important variations (p>0.05). However, 100.000 ng/
mL BA concentration decreased proliferation of DP-
SCs compared to control group at 80 hours (p<0.05)
(Figure 1).

3.2. Mineralization Capacity of BA on Dental Pulp
Stem Cells In Vitro

The effect of different BA dosages (0, 1, 10, 50, 100
ng/mL) on mineralization potential of DPSCs was ana-
lyzed utilizing von Kossa method on day 14. Biominer-
alization enhancement was more significant in group
applied with 10 ng/mL BA than in the untreated group
(Figure 2).

3.3. Boric Acid Increased Expression Levels of Co-
pine-7 and COL-I

Results of RT-PCR assays displayed that there were

significant differences in Cpne-7 and COL-I mRNA
expressions of DPSCs between the control and BA-
treated groups (Figure 3 and Figure 4). To identify the
effects of BA on Cpne-7 and COL-I mRNA expression
levels of DPSCs were treated with BA concentrations
(1 ng/mL, 10 ng/mL) and total RNA was isolated from
DPSCs on days 3 and 8 with or without BA concentra-
tions. Both 1 ng/mL BA and 10 ng/mL BA increased
Cpne-7 levels on day 3 (p<0.001) (Figure.3a). Addi-
tionally, all BA solutions induced Cpne-7 mRNA ex-
pression on day 8 (p<0.001) (Figure 3b). Whereas 1
ng/mL BA concentration displayed the same tendency
mRNA expression of Cpne-7 on day and 8 (p<0.01),
10 ng/mL BA concentrations more expression levels
showed on day 3 than on day 8 (p<0.01).

Figure 4 shows that BA application, the expression lev-
els of collagen type | (COL-I) in the DPSCs were sig-
nificantly upregulated in a time- and dose-dependent
manner when compared to the control group on 3 and
8 days (p<0.01) (Figure 4). Additionally, 10 ng/mL BA
concentration significantly increased COL-I mRNA ex-
pression as compared with 1 ng/mL BA concentration
in DPSCs on day 3 and 8 (p<0.01) (Figure 4a) (Figure
4b). These results indicate that 1 ng/mL BA concen-

Figure 2. Biomineralization of DPSCs. Osteogenic differentiation was indicated by the formation of calcified nodules with von
Kossa staining on day 14. (a) negative control (without mineralization media), (b) positive control [with mineralization media:
ascorbic acid (AA, 50 uyg/mL) and B-glycerophosphate (BGP, 10 mM)], (c) 1 ng/mL, (d) 10 ng/mL, (e) 50 ng/mL, (f) 100 ng/mL.
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Figure 3. The expression of Cpne-7 gene in DPSCs from
each group detected by quantitative RT-PCR (target genes
were normalized to housekeeping genes) The cells were
treated on 3 day (a) and 8 day (b) with different BA con-
centrations (1, 10 ng/mL). Graphical units were reflected as
(x104). *p<0.05, **p<0.001, compared with the control.

tration more induces Cpne-7, while 10 ng/mL BA con-
centrations more stimulates COL-I levels as compared
to control group in DPSCs in vitro. BA is transformed
of boron and an essential micronutrient for the human
diet. In literature, there are a lot of results associated
with the effect of boric acid on health outcomes in vitro
and in vivo. Argument from researches have displayed
that boron is a bioactive trace element for bone cells
and mineralized tissue-associated genes of teeth [13-
15]. Additionally, boron does not accumulate in soft tis-
sue and is kept at a certain level in plasma, liver and
brain due to homeostatic control mechanisms [25].
Cpne7 is a Ca?-dependent phospholipid associated
protein that is found in the cytoplasm. Furthermore,
Cpne7 is a soluble released agent produced by epi-
thelial cells and its expression increased during tooth
development. Especially, Cpne7 characterizes in pre-
dentin and odontoblasts [26]. Based on the knowledge
that epithelial-mesenchymal interactions play impor-
tant roles in tooth development [27]. Also, Cpne-7 both
induces odontoblast differentiation and promotes den-
tin formation [1,22]. Cpne7 is a promising candidate
for new dentin formation in regenerative dentistry as
it induces the transformation of non-dental mesenchy-
mal stem cells into odontoblasts [6]. At the develop-
mental stage of the tooth, Cpne-7 is synthesized by
enamel epithelial cells and then observed in pre-dentin
and odontoblasts and pre-dentin. In literature, the lev-
el of Cpne-7 at the early form of crown structure has
been displayed but its level in the mesenchymal dental
pulp tissue has not yet been documented [26]. Our RT-
PCR results displayed that 1 ng/mL and 10 ng/mL BA
concentrations importantly upregulated Cpne-7 mRNA
expressions compared to control group (0 ng/mL BA)

(p<0.001). Also, both concentrations of BA (1 ng/mL,
10 ng/mL) importantly enhanced COL-I level in DP-
SCs a time- and dose-dependent manner (p<0.001).
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Figure 4. The expression of COL-I gene in DPSCs from
each group detected by quantitative RT-PCR (target genes
were normalized to housekeeping genes) The cells were
treated on 3 day (a) and 8 day (b) with different BA concen-
trations (1, 10 ng/mL). *p < 0.05, **p < 0.001, compared with
the control.

Human DPSCs are rich sources of adult stem cells
situated within the tooth. DPSCs have been employed
in tissue engineering and regenerative medicine be-
cause of their strong proliferative, self-renewal, and
multi-lineage differentiation ability [28].

Oh et al. [22] demonstrated that Cpne7 was expressed
in preameloblasts and secreted extracellularly during
ameloblast development and controls the develop-
ment of dental and non-dental mesenchymal cells into
odontoblasts. In the present study, 1 ng/mL and 10 ng/
mL BA concentrations induced Cpne-7 mRNA expres-
sion of DPSCs at different time points. This promoting
effect was dose- and time-dependent. These results
are in agrement with those of Seo et al. [6] who report-
ed that Cpne-7 binding to its receptor, nucleolin, ap-
pears to play a crucial role in Cpne7 internalization into
preodontoblasts in human dental pulp cells. Literature
showed that conditioned medium for preameloblast
such as Cpne-7 induce odontogenic transformation of
human DPSCs and induce dentin structure [20].

CPNE7, a member of the Copine family comprising
nine members, is found in all mammalian tissues and it
has a mineralizing potential in odontoblasts as well as
a high calcium ion-binding affinity in vitro [8]. Human
dental pulp cells (hDPCs) have the ability to develop
into a variety of cell types, including odontoblasts,
adipocytes, chondrocytes, and osteoblasts. CPNE7
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increases odontoblastic transformation of hDPCs and
stimulates some structure of tooth including dentin,
root via a paracrine activity utilizing nucleolin as its re-
ceptor [1]. Hakki et al. [14] displayed that boron treat-
ments enhanced the dentin mineral density of maxil-
lary incisor teeth in vivo. Our results reflected that 10
ng/mL BA concentration significantly increased COL-I
MRNA expression in DPSCs (p<0.001). Additionally,
10 ng/mL BA concentrations up-regulated both miner-
alized nodules and mRNA expressions of Cpne-7 and
COL-I compared to control group (p<0.001). Lee et al.
[7] demonstrated that CDP4, which is CPNE7-derived
peptide, stimulate bone and dentin formation via osteo-
genesis-associated genes and proteins in dental pulp
cells. In a previous study, at 0.1, 1, 10, and 100 ng/ml
boric acid concentrations, we found that boron as bo-
ric acid improved bone morphogenetic protein (BMP),
BMP-4, -6, and -7 protein levels [13]. When compared
to the control group, Cpne-7 and COL-I modulation
appears to be more obvious in this experiment. This
study also discovered that boric acid concentrations
above 1 ng/ml have qualitative effects.

4. Conclusions

In conclusion, the upregulation of Cpne-7 mRNA in
DPSCs adds to the growing body of evidence that bo-
ron, in either nutritional or physiological amounts, is
required for the transformation of odontoblast-like cells
from mesenchymal cells of dental source. This effect
occurs at the molecular level, and as a result, it can
have a variety of beneficial phenotypic effects, includ-
ing regulating the differentiation of mesenchymal stem
cells into odontoblasts. Since only Cpne-7 and COL-I
were examined in this study, these findings should be
revealed in odontoblast differentiation markers such
as Dspp, nestin, and ALP to confirm that Cpne-7 ex-
pression is regulated by BA and its relevance on the
dental pulp tissue are confirmed.
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In this work, a novel organoboron-based monomer was synthesized and applied to
enzymatic biosensor systems. Utilizing the direct electropolymerization (one-step)
method, an enzymatic and electrochemical biosensor system was developed by a
novel organoboron polymer film-coated platinum screen-printed electrode/glassy
carbon electrode. Electropolymerization of novel organoboron monomer was carried
out through several electropolymerization situations, and the most suitable conditions
for biosensing systems were concluded. Organoboron polymer-based enzymatic and
electrochemical analysis developed in work was used to determine catechol, which is
one of the most analyzed phenolic compounds in the chemistry and agriculture industry.
The established biosensing system tested the phenolic components in the linear range
between 5 pM to 300 uM with different electrodes. After the biosensor performance
conditions optimization, real sample analysis was also achieved for spiked green tea
samples with 3% to 10% range of standard deviation results.

1. Introduction

Organoboron-based polymers are among the highly
biocompatible polymeric materials that are molecules
that can serve the purpose of the proposed enzymatic
biosensor system. Organoboron compounds, espe-
cially organoboranes, such as their stability to water
and air, their ability to react with functional groups, the
high stereoselectivity of their reactions, and the envi-
ronmentally friendly boric acid of the by-product [1,2].
Organoboranes obtained by adding BH, to alkenes
and alkynes by H. Brown are compounds containing
C-B bonds and have been used mostly in organic syn-
thesis to date [3]. Although its applications have not
been tested in many other fields, there are promising
studies. Organoboron polymers, which are the result
of combining organoboron compounds with polymer-
ic materials, are essential molecules that need to be
studied due to the extra benefits they can add to the
mentioned application areas. Organoboron polymers
also have known optical and fluorescent properties
and lesser-known properties such as conductivity and
sensor signal amplification in electrochemical applica-
tions [2]. By combining these advantages that organo-
boron polymers provide to electrochemical systems

and the biocompatibility features possible in the en-
zyme immobilization step, the requirements for elec-
trochemical enzyme biosensors will be completed.

Organoboron compounds play a significant role in or-
ganic conversion as catalysts and cocatalysts, involv-
ing polymerization reactions. However, the synthesis
of organoboron polymers has been a difficult task that
has solely recently been accomplished, leading to the
discovery of new assisted reagents and immobilized
catalysts. In synthesizing functionalized polymers with
polar side groups, boron-containing polymers often act
as intermediates and are used as preceramic and pho-
toluminescent materials [4-8].

The incorporation into polymer structures of electron-
deficient boron centers is especially interesting as it
provides, for example, an opportunity to manipulate
the polymers by donor-acceptor bonding. For the de-
sign of new assisted reagents, immobilized catalysts,
and highly selective sensor materials, the attachment
of nucleophiles to organoboron polymers can be ex-
ploited [9].

Organoboron polymers are flexible and high-perfor-
mance platforms for realizing functional materials with
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multifunctions. The majority of boron compounds have
adequate stability to be handled under ordinary condi-
tions, and the complexes of organoboron have flexibil-
ity in their molecular structure [2].

Furthermore, In the area of sensor materials, the inclu-
sion of Lewis acidic organoboron moieties into conju-
gated polymers was indicated to cause sensor signal
amplification influences such as improved stability and
recoverability [1]. Nowadays, conductive polymers
and organoboron-based polymers by electropolymer-
ization have recently taken the scientific community’s
consideration, and they have also studied them in re-
cent years.

The purpose of this study is to use organoboron-based
polymers as immobilization material in enzymatic bio-
sensors for the determination of phenolic components
and to examine their effects on parameters affecting
biosensor performance. In addition to the advantag-
es of electrochemical test systems such as low-cost,
portable use, and fast response, a more sensitive and
selective biosensor system has been designed using
organoboron polymers, known for their biocompat-
ibility enzyme immobilization step, allowing use with
longer-term stability.

Organoboron components to be used as immobiliza-
tion materials within the project's scope were explicitly
synthesized by the TENMAK, Boron Research Institute
and given to be used in this study. First, the determin-
ing enzyme was immobilized on the electrode surface
with organoboron polymers, and enzymatic-based
electrochemical phenolic compound determination
was performed using this prepared organoboron poly-
mer + enzyme surface. Some parameters affecting the
biosensor performance (enzyme immobilization, pH,
temperature, substrate concentration, interference ef-
fect of organic solvents and other similar compounds,
etc.) were investigated, the stability of enzyme elec-
trodes, and the usefulness of organoboron polymers
to the biosensor system was examined. One or more
organoboron components with different structures
were tested, and the component that could be used
most effectively within the scope of the electrochemi-
cal-enzymatic biosensor system was determined.

By including some groups in conductive polymers with
functional organic structures, especially in the mole-
cule's design phase, the product's properties obtained
can be improved by addressing different purposes.
More efficient polymers were synthesized and used in
the biosensor application phase, thanks to organobo-
ron polymer synthesis reactions, which have advan-
tages such as high vyield, lack of by-products, high
tolerance to functional groups, and simple product iso-
lation. With the advantageous synthesis properties of
organoboron polymers and the superior properties of
polymers related to their use in electrochemical sys-

tems, the new modified surfaces that will be obtained
will be used in materials science and biotechnology.

Analysis of phenolic compounds (e.g., catechol) for
which tyrosinase enzyme was used as the sample de-
tection system was developed. The phenolic compo-
nent in natural foods was verified in the direct range
of 10-80 uM to 5-60 yM with similar systems [10].
Considering these references, it is aimed to make
determinations at similar intervals with the proposed
biosensor system. Therefore, diluted and controlled
catechol added food samples were analyzed with at
least a margin of error [11]. The developed biosensor
system's responses with the catechol determination
to be made with conventional analytical devices will
be compared, and the accuracy of the organoboron-
based system was determined. Finally, it should be
noted that the developed biosensor system can be de-
signed and commercialized as a portable end product
that allows real-time detection.

Novel organoboron monomer, synthesized by TEN-
MAK, Boron Research Institute for the first time within
the proposed project's scope, was used in enzymatic
biosensor systems. Therefore, it could be a pioneering
work and contribute scientifically by making a patent
application. The contribution of these specific organo-
boron polymers to the electrochemical enzymatic bio-
sensor for the determination of phenolic components
was examined, and analyses were made with the
highest sensitivity under optimum conditions. The bio-
sensor parameters were developed from the important
results obtained. The developed biosensor was used
to quantify catechol in green tea samples after optimiz-
ing biosensor performance conditions. It had better not
be forgotten that using the portable potentiostat and
these electrodes, this established enzymatic biosens-
ing system has the potential for on-site analysis of cat-
echol analysis in real samples. Therefore, the future
perspective of the study can be developing an easy-to-
use and portable prototype invention for real sample
detection.

2. Materials and Methods
2.1. Reagents

Catechol, acetonitrile (ACN), Tyrosinase enzyme from
mushroom (Tyr, EC:1.14.18.1), Sodium fluoride (NaF),
2-(1H-Benzotriazole-1-yl)-1,1,3,3-tetramethylaminium
tetrafluoroborate (TBTU), Tetra butyl ammonium hexa-
fluorophosphate (TBAHFP) and chitosan were pur-
chased from Sigma Aldrich. Also, a novel organoboron
monomer (2-phenyl-1,3,2-dioxaborolane) was synthe-
sized by BOREN for the first time within the proposed
project's scope and was used in enzymatic biosensor
systems. All the chemicals were used under the labo-
ratory grade. MilliQ TKA-Lab pure water and Dichloro-
methane (DCM) were used for the wet process.
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2.2. Synthesis of Novel Organoboron Monomer

Phenyl boronic acid (0.01 mol, 1.21 g) and catechol
(0.01 mol, 1.10 g) were added into 100 mL of round
flask bottom flask attached with dean-stark apparatus.
Toluene was used as a solvent (115 mL). The reaction
medium was set to 95°C after the dean-stark appara-
tus obtained the side product. The reaction was fin-
ished after 15 hours. The synthesis mechanism of the
novel organoboron monomer is represented in Figure
1. The NMR analysis results for the synthesized novel
monomer were observed as 1H NMR(CDCI3) 7.75-7.3
(m, 5H) 4.07 (t, 4H, J=15.12,15.13).

OH °
+ tliouene \
OH —_— B
B/ reflux /
‘ OH o

Figure 1. The synthesis mechanism of the novel organobo-
ron monomer.

2.3. Electropolymerization of Novel Organoboron
Monomer

GCE: The electrochemical measurements were re-
corded using a conventional three-electrode system
consisting of a glassy carbon electrode as a working
electrode (WE), platinum wire as an auxiliary elec-
trode/counter electrode (CE), and Ag/AgCl as a refer-
ence electrode. With this three-electrode system, elec-
trochemical measurements were performed through a
potentiostat controlled by IviumSoft, software for con-
trol and data acquisition.

Pt SPE: The electrochemical measurements were re-
corded using platinum screen printed electrodes (SPE)
that the SPE three-electrode system consisted of a Pt
coated plate as CE, Pt coated plate as WE, and Ag/
AgCl as the reference electrode (RE). Electrochemical
measurements were carried out using a potentiostat
controlled by IviumSoft.

GCE and Pt SPE electrodes were immersed in the so-
lution containing different ionic solutions: NaF, LiClOa4,
TBTU, and TBAHFP, respectively, and mM level of
novel boron-containing monomer in the 10 mL ACN
solution. Later, cyclic voltammetry (CV) scans were
performed between -0.5V to 1.2 V within the GCE and
Pt SPE electrodes' potential ranges until stable curves
of CV profiles were obtained. Finally, the surface of
GCE and SPEs were washed by using distilled water.

After electropolymerization, CVs were recorded at a
different scan rate of 10 mV.s™, 25 mV.s",50 mV.s-
175 mV.s', 100 mV.s', 125 mV.s™, and 150 mV.s",
respectively that the surface activity and conductiv-
ity of the electrode are ascertained with Ks[Fe(CN)s]/
Ka[Fe(CN)e] system which were carried out between
-0.2 Vt0 0.8 Vin 0.1 M KCI solution containing 5 mM

Fe(CN)s*/Fe(CN),*.
2.4. Surface Characterization

For Scanning Electron Microscope (SEM), HITACHI
SU 5000 was used to analyze the electrodes’ surfaces
after the electropolymerization. Surface characteriza-
tion of Pt-SPE electrodes was evaluated for the novel
organoboron monomer's electropolymerization in dif-
ferent salt solutions.

2.5. Preparation and Optimization of the Biosensor
Performance Conditions

Afterward, the novel organoboron monomer modifica-
tion of the electrodes enzyme immobilization was done
using chitosan as an immobilization agent. A combina-
tion of 40 pL of 1 mg/mL Tyr and 2% chitosan in acetic
acid was produced for enzyme immobilization. Follow-
ing that, part of the mixture dispersion was cast onto
the surface of these electrodes, allowing the solvent to
evaporate at room temperature while the mixture was
allowed to dry on the surface.

An electrochemical enzymatic biosensor system was
developed using the direct electropolymerization pro-
cedure to immobilize Tyr enzyme into the organoboron
polymer film in conjunction with chitosan, resulting in
a very stable and effective catechol biosensor. Both
for GCE (in PBS solution at pH 8) and Pt SPEs, the
biosensor was used to determine catechol by voltam-
metric measurements in the steady-state condition at
an applied potential of -0.9 V to 0.8 V in different con-
centrations of catechol (from 1 yM to 400 pM) respec-
tively (in pH 7.5 PBS solution).

To identify the optimal conditions, the enzymatic bio-
sensor system was tested in several pH solutions of
PBS (pH 6 to 8), including 200 uM catechol and PBS
solutions at pH 6, pH 6.5, pH 7, pH 7.5, and pH 8.

At a concentration level of 200 uM, several pheno-
lic compounds such as 4-hydroxybenzoic acid, gallic
acid, hydroquinone, 4-nitrophenol, and phenol were
tested to assess the specificity of the proposed enzy-
matic biosensor for catechol detection.

To assess the possible matrix influence of actual
samples on biosensor performance, spiked green tea
samples with varying catechol (50 uM, 100 puM, and
200 uM) were evaluated after the working parameters
of the designed biosensor system were optimized.

3. Results and Discussion

3.1. Electropolymerization of Novel Organoboron
Monomer on Different Conditions by Using Differ-
ent Electrodes

GCE and Pt SPEs were immersed in the solution con-
taining different salts: NaF, LiCIO,, TBTU, and TBAH-
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Figure 2. Electropolymerization of novel boron containing monomer on different conditions using GCE (a) in NaF (b) in Li-
ClOa (c) in TBTU (d) in TBAHFP (e) Fe(CN)s*/Fe(CN)s* redox molecule CV after electropolymerization (black: blank, green:

in NaF, red: in LiClOa, blue: in TBTU, gray: in TBAHFP).

FP, respectively, and novel boron-containing monomer
in the ACN solution. Since ACN is an organic solvent
and does not have an ionic content, the ionic solvent
addition was needed to perform the electropolymeriza-
tion process. Therefore, different salts were added to
the solution each time to form ions. Electrodes were
scanned in the potential range of 0.5 V to 1.2 V for
GCE and Pt SPEs during the electropolymerization
process until steady CV curves were produced, as il-
lustrated in Figures 2 and 3. The new boron-containing
monomer solution's anodic and cathodic peak currents
grew dramatically with each scan until the tenth scan.
Therefore, these results proved that electropolymer-

ization of this novel organoboron monomer was car-
ried out successfully.

After the electropolymerization, the electrode's sur-
face activity and conductivity were ascertained by the
potential range between -0.2 V and 0.5 V in the solu-
tion of KCI containing Fe(CN)es*/Fe(CN)s* redox mole-
cule. As shown in Figures 4 and 5, CVs were recorded
at a different scan rate of 150 mV.s!, 125 mV.s™!, 100
mV.s', 75 mV.s',50 mV.s', 25 mV.s!, and 10 mV.s" re-
spectively in FeCN. It should be noted that according
to the results, the cathodic peak current increased with
the scan rates for CV profiles. As seen in Figure 5c, af-

-0.5 0.0 0.5 1.0 -0.5 0.0

T T T T + T
0.5 1.0 -0.5 0.0 0.5 1.0

Current (nA)

150 -

100

50

02 0.0

02 0.4

Potential (V) vs Ag/AgCl
Figure 3. Electropolymerization of novel boron containing monomer on different conditions using Pt SPE (a) in NaF (b) in
LiClO4 (c) in TBTU (d) in TBAHFP (e) Fe(CN)s*/Fe(CN)s* redox molecule CV after electropolymerization (black: blank green:

in NaF, red: in LiClO4, blue: in TBTU, gray: in TBAHFP).
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Figure 4. After electropolymerization of novel boron containing monomer, CVs were recorded at different scan rate of 10 mV
s, 25 mV s1,50 mV s',75 mV s, 100 mV s, 125 mV s,150 mV s as different peak height in FeCN for GCE (a) NaF (b)

LiCIO« (c) TBTU (d) TBAHFP.

ter the electropolymerization in TBTU salt, the highest
voltammogram peak height is evidence of high surface
conductivity, and this TBTU curve is the best. These
results proved that increasing scan rate means there
is something active on the surface; the more conduc-
tive the surface becomes, the better the FeCN peaks,
even at the empty electrode, and electropolymeriza-
tion has occurred on the surface.

SEM analyses were used to analyze the surface mor-
phology of the bare and new organoboron monomer
modified SPEs based on various salt solutions (Figure
6a-e). Depending on the SEM images for these elec-
trodes, it should be noted that novel boron monomer

containing LiClOa4 salt, the surface of Pt SPE is the
densest and uniform one, as seen in Figure 6c¢.

3.2. Biosensor Performance Development

pH Optimization: The enzymatic biosensor system was
evaluated in PBS solution at multiple pH values (pH 6
to 8) to find the best circumstances, including 200 pM
catechol. As shown in Figure 7a, Pt SPEs were sub-
merged in a solution comprising various salts based
on electropolymerized Pt SPE, and the best pH was
found to be pH 7.5. Similarly, the GCE electrode was
treated in the same way. The GCE electrode contain-
ing the new monomer and LiClOa4 salt was submerged
in solutions with various pH values, as shown in Figure

Current (HA)

10 mV/fs

{ 150 mV/s
-100 |

-0.2 0.0 0.2 0.4

100

50

0=

50

-100 -

-0.2 0.0 0.2 0.4

-0.2 0.0 0.2 0.4

Potential (V) vs Ag/AgCl
Figure 5. After electropolymerization of novel boron containing monomer, CVs were recorded at different scan rate of 150

mV.s', 125 mV.s™, 100 mV.s",75 mV.s',50 mV.s', 25 mV.s™", and 10 mV.s" as different peak height in FeCN for Pt SPE (a)

NaF (b) LiCIO« (c) TBTU (d) TBAHFP.
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Figure 6. SEM images of boron monomer modified SPE Platinum electrodes electropolymerized in ACN and various salts:

(a) Blank, (b) NaF, (c) LiCIO

7b, and pH 8 was the best value.

Dose-response curve: Voltammetric measurements
were performed for both GCE and Pt SPEs in the ap-
plied potential range of -0.9 V to 0.8 V using different
concentrations of catechol (0 uM to 400 uM) ina 10 mL
pH 8 buffer solution. The reduction peak for catechol's
enzymatic reaction's o-quinone product was observed,
and the peak heights for each concentration were cal-
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©

-~

o9

]

w

A Peak Height (uA)
-

~

-

.,JII

Ph 6 ph 6,5 Ph7 Ph7,5
Figure 7. (a) The influence of pH on biosensor performance
was investigated by incubating Pt SPE electrodes with vari-
ous salts in 200 uM catechol solution buffered (10 ml PBS)
at the pH range of 6-8. (b) By incubating the GCE electrodes
containing the new boron monomer LiClO4 in 200 uM cat-
echol solution buffered (10 ml PBS) at pH 6-8, the influence
of pH on the performance of the biosensor was investigated.

Ph8

. (d) TBTU, and (e) TBAHFP (Scale bar:20 uM) .

culated. Based on unique boron monomer modified
electrodes, the linear range for both GCE and Pt SPEs
in various salt solutions was determined between 5 uM
and 300 uM for GCE (Figure 8) and between 5 uM and
100 uM (Figure 9a). In addition, when catechol con-
centration grew, the decreased (cathodic) peak current
of the new boron-containing monomer increased. The
limit of detections (LOD) for both electrode systems
were calculated with the 3 times the standard devia-
tion of the signals obtained from the blank standards
rule [13], and the results were 2.25 yM and 1.8 uM,
respectively for Pt SPE and CGE systems.
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Figure 8. (a) Catechol detection for the GCE containing
novel boron monomer and LiCIO, salts in PBS at pH 8, (b)
Dose-response curve for catechol concentration between 5
MM to 300 uM, and the inner figure is the linear range.
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Figure 9. (a) Catechol detection for Pt SPE containing novel
boron monomer in NaF and dose calibration curve for cat-
echol concentrations between 5 M and 100 M, (b) Catechol
detection for Pt SPE containing novel boron monomer in Li-
ClO4 and dose calibration curve for catechol concentrations
between 5 uM and 200 puM.

At a concentration level of 200 yM, several pheno-
lic compounds such as 4-hydroxybenzoic acid, gallic
acid, hydroquinone, 4-nitrophenol, and phenol were
tested to assess the specificity of the proposed enzy-
matic biosensor for catechol detection. The biosensor
system's reactions to these compounds were com-
pared to catechol detection results at 200 uM. Figures
10 showed that non-specific phenolic compounds did
not produce any significant peaks at the voltage where
the O-reduction quinone's peak is located on the GCE
system. However, on the Pt SPE system, we could ob-
serve that non-specific phenolic compounds still had
some background signals, and they were potential for
interference to the target molecule signal (Figures 11a
and 11b). Thus we can conclude that the GCE system
was more selective than the Pt SPE system for cat-
echol detection.

As seen here, when looking at the selectivity for these
phenol compounds, it was seen that the Tyrosinase
enzyme worked only for catechol with a large and sig-
nificant difference. Therefore, the Tyr-GCE/Pt SPE-
based biosensor's sensitivity is the biggest for deter-
mining phenol derivatives.

3.3. Real Sample Assessment

To show that the biosensor could detect catechol in
tea samples under ideal conditions. Table 1 summa-
rizes the results of using proven enzymatic biosensor
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Figure 10. The sensitivity (a) and selectivity (b) of the bio-

sensor device for various phenol compounds (200 pM) on
GCE with PBS at pH 8 (black: catechol).
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equipment to evaluate 50 yM, 100 uM, and 200 uM
spiked tea samples. In parallel testing, LiClO4 recov-
ery was between 113% and 118%, and NaF recovery
was between 116% and 121%, with the percentage of
standard deviation (sd) between 4.2% and 1.7% for
LiCIO, and between 2.5% and 5.1% for LiCIO,. Ac-
cording to these data, the potential influence from the
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Figure 11. (a) Pt SPE containing novel boron monomer other
phenolic compounds in LiCIO,. (b) Pt SPE containing novel
boron monomer with other phenolic compounds in NaF.
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varied background composition of authentic samples
was less than 5%, which is acceptable for food quality
monitoring tests.

Table 1. Real green tea assessment with novel boron mono-
mer modified Pt SPE with LiCIO, and NaF, as an electropo-
lymerization salt, respectively.

Added Catechol Found Catechol

Conc. (uM) Conc. (uM) Recovery % sd %
50 56.8 113.6 1.7
100 118.7 118.7 9.1
200 234.2 1171 4.2
50 58 116 5.1
100 122.2 122.2 2.5
200 242 121 4.1

4. Conclusions

In this study, using the direct electropolymerization
(one-step) method, an electrochemical enzymatic bio-
sensor system was developed with novel organoboron
polymer film-coated Pt SPEs/GCE. Electropolymeriza-
tion of novel organoboron monomer was performed
and developed using different electropolymerization
conditions. It should be noted that this novel boron-
containing monomer, which Boron Research Institute
synthesized for the first time within the proposed proj-
ect's scope, was used in enzymatic biosensor sys-
tems. Therefore, it could be a pioneering work and
contribute scientifically by making a patent application.

The film surface morphologies were prepared with
different processes, and the surface morphology
was characterized by Scanning Electron Microscope
(SEM). Immobilizing tyrosinase (Tyr) enzymes into
the conducting polymer film, and chitosan resulted in
a stable and effective catechol biosensor. The phe-
nolic components were examined in the linear range
between 1 yM and 200 pM with various electrode sys-
tems in this study using the proposed biosensor sys-
tem. Following the tuning of biosensor performance
settings, actual sample analysis was carried out on
controlled catechol added green tea samples with
standard deviations ranging from 3% to 10%. Further-
more, it should be noted that the developed biosen-
sor system can be designed and commercialized as
a portable end product that allows real-time detection.
Phenolic compounds, which are determined to deter-
mine natural foods' antioxidant and antimicrobial activ-
ities, are partly made within the scope of quality control
analysis. The developed organoboron polymer-based
biosensor system will allow faster, cheaper, precise,
and real-time tests. Furthermore, this designed enzy-
matic biosensor system may theoretically test catechol
detection in actual samples utilizing the portable po-
tentiostat and screen-printed electrodes. As a result,
the study's long-term goal might be to create a por-

table, easy-to-use prototype device for real-world test-
ing.
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Antioxidant, antimicrobial and antibiofilm activities of potassium metaborate (KBO,) was
investigated within the present study. Antioxidant capacity of potassium metaborate was
determined by B-carotene bleaching (BCB) assay and hydroxyl radical scavenging activity.
Potassium metaborate was evaluated for its antimicrobial effects against a yeast (Candida
albicans), Gram-negative (Escherichia coli, Pseudomonas aeruginosa) and Gram-positive
(Bacillus subtilis, Staphylococcus aureus) bacteria via broth dilution method. The inhibition
capability of potassium metaborate on the microbial biofilm formation of tested microorganisms
was measured by microplate biofilm method using MTT (3-[4, 5-dimethyl-2-thiazolyl]-2,
5-diphenyl-2H-tetrazolium-bromide). Biofilm inhibition capacity of potassium metaborate was
also observed by Scanning Electron Microscope (SEM). Potassium metaborate was found
to have the ability to scavenge hydroxyl radicals with an inhibition rate of 71.13% at 100 mM
concentration. Antioxidant activity of potassium metaborate as determined by BCB assay
gave higher result with an inhibition rate of 86.96% at the same concentration. According
to the MIC (minimum inhibition concentration) values, the potassium metaborate inhibited
the growth of C. albicans, S. aureus and E. coli at 62.5 mM concentrations while it was
31.25 mM for B. subtilis and 125 mM for P. aeruginosa. The highest antibiofilm activity was
determined at the MIC of potassium metaborate with the reduction rate of 90.18% against
C. albicans. It was concluded that, potassium metaborate has strong biological activities and
can be effectively used for biomedical and environmental solutions.

1. Introduction

non-metals in the periodic table, is known as an ap-
propriate element for various industries such as au-

The structural diversity and biological activity poten-
tials of the non-toxic and natural products conduced to
the discovery of new drugs by 21 century’s scientists.
Due to the increased incidence of microbial resistance,
highly active molecules are needed against microbial
infections and biofilm formations. Such resistance
presents a serious challenge to human health, as well
as the costs for the treatment of infections. Due to their
biocidal activity, metals are commonly used as antimi-
crobial agents in agriculture, healthcare, and industry.

The boron element, which takes place in group 3A of
the periodic table, has semi-metallic and semi-conduc-
tive properties. The boron element, which forms com-
pounds with various metals or non-metal elements, is
never found free in nature. That's why most of the bo-
ron compounds are utilized in different industrial sec-
tors. Boron, which is at the borderline of metals and

tomotive, environment and medicine [1]. It is known
that there are almost 230 different boron minerals all
around the world [2]. Boron is a popular element for
thin films and coatings in biomedical and biotribologi-
cal applications [3]. As being an essential element for
plants, boron may also be required by humans and an-
imals [4]. Boron is also known to be related with bone
metabolism which interacts with calcium, magnesium
and vitamin D [5]. Recently, boron has attracted atten-
tion with its effective role in the field of nutrition and
biochemistry. Researchers of pharmaceutical industry
are designing new molecules by adding boron atoms
to molecules for prevention, diagnosis and therapy of
various diseases [6]. There are some studies about
the antioxidant [7], hepatoprotective [8], antibacterial
[9] and antigenotoxic effects [10] of boron compounds.

On the basis of boron trioxide content, Turkey’s share
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of the boron reserve is 72.3% while the rates are 8.5%
and 6.8% for Russia and USA, respectively. The lifes-
pan of Turkey’s boron reserves is 567 years, whereas
it is 67 years in Russia, as being the second richest
country with the reserves [11]. The biological, chemical
and physical features of boron open a new perspective
for researchers who are focusing on new chemother-
apeutics. As far as our knowledge, there is no study
about the antimicrobial and antioxidative properties of
potassium metaborate.

Within the present study, one of the effective borate
compounds, potassium metaborate, has been evalu-
ated for its biological activities in terms of antioxidative
capacity and antimicrobial/antibiofilm properties.

2. Materials and Methods
2.1. Antioxidant Activity
2.1.1. Hydroxyl radical scavenging activity

Antioxidative potential of potassium metaborate was
measured by Fentons reaction method with slight mod-
ifications [12]. A reaction mixture containing Hydrogen
peroxide (H,0,) (0.1 mL), Ferrous sulfate (FeSO,) (0.1
mL), ethanolic solution of salicylic acid (0.1 mL), de-
ionized water (2 mL) and varying concentrations of
potassium metaborate (10 nM, 100 nM, 1 mM, 10 mM
and 100 mM) (1 mL) was used as test material.

Deionized water and ascorbic acid was used as the
negative (blank) and positive control, respectively.
After incubation period at 37°C for 30 min, hydroxyl
radical scavenging rate (%) was calculated according
to Eq. 1. Where A was the absorbance of the

510(blank)
control, A was the absorbance of the tested

k 510(sample) K . X
potassium metaborate concentration mixed with reac-
tion solution. The experiments were repeated for four

times and the standard deviations were calculated.

Asm(sampie)

Scavenging rate (%) = | As1opiank) — yp—
an

X100 (1)

2.1.2. B-caroten-linoleic acid bleaching assay

The antioxidant activity of potassium metaborate using
the B-carotene-linoleic acid assay was measured ac-
cording to Rauter et al. [13] with slight modifications.
Deionized water was used as the negative control and
alpha-tocopherol/butylated hydroxyl toluene (BHT)
were used as the positive controls. Antioxidant activity
of potassium metaborate was calculated using Eq. 2.
Where R, andR_ . are the oxidation rates of nega-
tive control and tested potassium metaborate concen-
trations, respectively. The experiments were repeated
for four times and the standard deviations were calcu-
lated.

R
extract]x 100 (2)

AA (%) = [Rbiank - Rytank
an.

2.2. Antioxidant Activity
2.2.1. Microorganisms

Antimicrobial activity of potassium metaborate was
tested against a group of microorganisms including;
Bacillus subtilis ATCC (American Type Culture Collec-
tion) 6633, Escherichia coli ATCC 25922, Pseudomo-
nas aeruginosa ATCC 27853, Staphylococcus aureus
ATCC 25923 and Candida albicans ATCC 10239. The
tested strains which are known to be clinically impor-
tant were provided from Mugla Sitki Kogman Univer-
sity Culture Collection (MUKK). After activating the
strains, the turbidities of the broth mediums were ad-
justed to equal turbidity of a 0.5 McFarland standard to
prepare the microbial inocula.

2.2.2. Broth microdilution method

Minimum Inhibitory Concentration (MIC) and Mini-
mum Lethal Concentration (MLC) values of potassium
metaborate were calculated by using broth microdilu-
tion method [14]. Due to our pilot studies, potassium
metaborate were prepared at ranging concentrations
between 1-521 mM and screened for antimicrobial ac-
tivity. The MICs were evaluated as the lowest concen-
tration of potassium metaborate displaying no visible
growth of microorganism (no turbidity) To determine
the MLC values, cell suspensions (100 pL) were taken
from the tubes with no turbidity and poured onto Muel-
ler-Hinton Agar (MHA) plates. After overnight incuba-
tion, the lowest concentration of potassium metaborate
was defined as the MLC, at which microorganisms did
not grow on agar media.

2.3. Antibiofilm Activity

Antibiofilm activity of potassium metaborate against
tested microorganisms was evaluated by using MTT
[3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium
bromide] assay [15]. MIC and MIC/2 of potassium
metaborate were used to determine the antibiofilm ca-
pacity. The experiments were repeated for three times
and the standard deviations were calculated.

Inhibitory effect of potassium metaborate on micro-
bial biofilm formation was also screened by SEM. For
SEM visualization, tested microbial strains were grown
in 5% D-Glucose-supplemented Tryptone Soy Broth
(TSB) medium. Tubes inoculated with microbial strains
were prepared with the potassium metaborate con-
centration that had highest antibiofilm activity. Then,
sterilized glass cover slips were put into the tubes
and incubated overnight. After the incubation period
at appropriate temperatures, coverslips were removed
and washed with phosphate buffered saline (0.1 M,
pH 7.4), fixed in 2.5% glutaraldehyde solution and de-
hydrated with ethanol. Coverslips were air-dried and
coated with gold using a sputter coater (Emitech, UK)
and visualized using SEM (Jeol, Japan) [16].
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2.4. Statistical Analysis

Data was analyzed by One Way Analysis of Variance
(ANOVA) using statistical software Statistical Package
for Social Science (SPSS, Version 22.0, IBM corpora-
tion, NY). Tukey’s test was used to compare the means
of all concentrations and control groups. A value of
p<0.05 was considered as statistically significant.

3. Results and Discussion
3.1. Antioxidant Activity

Potassium metaborate was found to have the ability
to scavenge hydroxyl radicals with an inhibition rate
of 70.4% and 71.13% at 10 and 100 mM concentra-
tions, respectively (p<0.05) (Figure 1). There was not
a statistically significant difference between the control
group (ascorbic acid) and potassium metaborate for
other tested concentrations (0.00001 mM, 0.0001 mM
and 1 mM) (p>0.05).

H,0, Scavenging Activity
120
100 fm———— t
80 /

60

% Inhibition

40 ;
Potassium

20 metaborate

=== Ascorbic acid

0
0.00001 0.0001 1 10 100

Concentration (mM)
Figure 1. Antioxidant activity of potassium metaborate by
hydroxyl scavenging activity.

Antioxidant activity of potassium metaborate as deter-
mined by beta-carotene bleaching assay gave higher
result with an inhibition rate of 86.96 % at 100 mM con-
centration (p<0.05) (Figure 2). There was a significant
difference between the 0.0001 mM and 1 mM potas-
sium metaborate concentrations and control groups
(alpha-tocopherol and BHT) (p<0.05). A significant dif-
ference was not found for 10 mM potassium metabo-
rate concentration among the other tested concentra-
tions and control groups (p>0.05).

Beta carotene-linoleic acid bleaching activity

120
100 e,
...............................

80

60

Potassium metaborate

% Inhibition

40
0 ek Alpha-tocopherol

20 === BHT

0

0.0001 1 10 100

Concentration (mM)
Figure 2. Antioxidant activity of potassium metaborate by
beta carotene-linoleic acid bleaching activity.

The antioxidant action mechanism of boron has not
been clearified yet. It was suggested that boron com-
pounds reveal their antioxidative effect by increasing
the antioxidant enxyme activity and preventing the
lipid peroxidation (LPO) [17]. Boron compounds were
also reported to demonstrate their activity by Deoxyri-
bonucleic acid (DNA) damage preventing and hepato-
protective effects [8,18]. In addition, it was found that
boron compounds (boric acid, borax, colemanite and
ulexite) may increase the antioxidant enzyme activities
in human peripheral blood cells [10].

3.2. Antimicrobial Activity

According to the MIC (Minimum Inhibition Concen-
tration) values, potassium metaborate inhibited the
growth of C. albicans, S. aureus and E. coli at 62.5
mM concentrations while it was 31.25 mM for B. sub-
tilis and 125 mM for P. aeruginosa (Table 1). Accord-
ing to the antimicrobial activity results, B. subtilis was
found to be the most sensitive microorganism against
the lowest potassium metaborate concentration. MLC
values were found to be 500 mM for S. aureus and C.
albicans; 250 mM for E. coli and P. aeruginosa; 125
mM for B. subtilis (Table 1).

Table 1. Antimicrobial activity of potassium metaborate
against tested microorganisms.

Microorganisms  MIC (mM) MLC (mM)
C. albicans 62.5 500
S. aureus 62.5 500
E. coli 62.5 250
B. subtilis 31.25 125
P. aeruginosa 125 250

The antimicrobial activity investigations about boron
compounds has gaint great interest lately and have
been studied by researchers [9,19-21]. In the study of
Yilmaz [9], the MICs of boric acid were calculated as
7.60 mg/mL, 7.60 mg/ mL and 3.80 mg/mL, against E.
coli, P. aeruginosa and S. aureus, respectively. Sayin
et al. [22] reported the MICs of boric acid and diso-
dium octaborate tetrahydrate against selected strains
of clinical cultures ranged from 0.77-3.09 mg/ml and
0.644-10.312 mg/ml, respectively. Argin et al. [23]
who incorporated disodium octaborate tetrahydrate,
sodium pentaborate and boric acid to gelatin films in-
dicated that biodegradable gelatin films containing di-
sodium octaborate may be used as antimicrobial pack-
aging materials.

3.3. Antibiofilm Activity

The results of the antibiofilm activity performed using
MTT analysis are shown in Figure 3. It was clearly ob-
served that potassium metaborate inhibited the biofilm
formation of E. coli, S. aureus and C. albicans effec-
tively. On the other hand, it did not inhibit the biofilm
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formation of B. subtilis and P. aeruginosa. The highest
inhibition value was obtained for C. albicans biofilm at
MIC. The MIC/2 concentration was also effective for C.
albicans biofilm formation. It was observed that, there
were not significant differences between MIC and
MIC/2 concentrations for C. albicans and B. subtilis
biofilm inhibition (p>0.05) while they were statistically
significant for E. coli, P. aeruginosa and S. aureus bio-
film inhibition (p<0.05).

Antibiofilm activity of potassium metaborate

i [
0
B. subtilis E. coli S. aureus

C. albicans P aeruginosa

EMIC BMIC/2

Figure 3. Antibiofilm activity of MIC and MIC/2 of potassium
metaborate against tested microorganisms.

The results of the biofilm inhibition assay were also
evaluated using SEM (Figure 4). There was a compact
biofilm layer, probably an exopolysaccharide layer, for
C. albicans at control group (Figure 4a) while the bio-
film layer was weak for the potassium metaborate-ap-
plied group (Figure 4b). Similar images were obtained
for S. aureus biofilm (Figure 4 i-j).

When compared to other elements, the use of boron-
containing compounds for medicinal use seems to be
lagging behind. However, there are considerable stud-
ies to investigate the use boron-containing products in
medicine, such as cancer drugs, oral pharmaceuticals
against diabetes and anticoagulant agents [24]. One
of these studies which is called as boron neutron cap-
ture therapy (BNCT) is primarily intended to the treat-
ment of high-grade gliomas, melanoma, most recently,
head, neck and liver cancers [25]. Paraboronophenyl-
alanine that is an important component for BNCT is
known to be the first boron-containing compounds ap-
proved for human use [26].

Dembitsky and Srebnik [27] reported that carboxybo-
ranes were shown to have antifungal, anticancer and
hypolipidemic activities. Diazaborines have been re-
ported to have antimalarial activity [28,29]. Jabbour et
al. [30] reported that oxazaborolidines have encour-
aging antibacterial activity against Streptococcus mu-
tans. The antimicrobial activity results of the present
study indicated that B. subtilis was the most sensitive
microorganism to the lowest potassium metaborate
concentration. On the other hand, potassium metabo-
rate did not inhibited the biofilm formation of B. subtilis.
Differently from killing the microorganism directly, po-
tassium metaborate performed an antibiofilm mecha-
nism on B. subtilis. Similar result was also expressed
by Sanchez-Gomez et al. [31] who studied the anti-

microbial and antibiofilm activities of synthetic cationic
peptides and lipopeptides derived from human lacto-
ferrin. They resulted that antimicrobial and antibiofilm
activities of a compound should be separately evalu-
ated.

Recently, it was concluded that boron compounds
show their action by impairing protein synthesis and the
activities of amino-acyl tRNA synthetase, p-lactamase
and serine-protease enzymes in the microorganism
[24,32-34]. Similar to De Seta et al. [22] who conclud-
ed that boric acid is fungistatic to fungicidal depending
on concentration and temperature, potassium metabo-
rate also inhibited the 90.18% of C. albicans biofilm
formation. Boron is known to be the part of quorum
sensing (QS) mechanism, which plays a vital role for
microorganisms and is affected by increased boron
concentrations [35,36]. Ceylan et al. [37] studied the
anti-quorum sensing and cytotoxic properties of po-
tassium metaborate. They reported that potassium
metaborate can inhibit QS and QS-related virulence
processes in pathogenic bacteria. This finding may
open up a new approach to prevent antibiotic resis-
tance. Benkovic et al. [20] demonstrated that borinic
esters, a class of boron-containing compounds, have
antibacterial activity and might be used to develop
specific inhibitors against essential bacterial enzymes.

4. Conclusions

According to the obtained results, the biological activi-
ties that have been exhibited by potassium metaborate
are considerable and are creating a new perspective to
discover novel approaches for pharmaceutical indus-
try. The findings of the activity tests indicate that po-
tassium metaborate may be a good candidate for the
development of new antimicrobial compound against
pathogenic bacteria and can be effectively used for
biomedical and enviromental solutions. Based on the
present study, further studies might be designed to
figure out the biological activities of boron-containing
compounds.

Acknowledgement

This study was presented at the “Symposium on Eu-
roasian Biodiversity, May 23-26, 2016, Antalya, TUR-
KEY” as an oral presentation titled “The Biological Ac-
tivities of Potassium Metaborate; a Boron Compound
Belong to the National Wealth of Mineral Diversity in
Turkey”.

References

[1] Ciani, L. & Ristori, S. (2012). Boron as a platform for new
drug design. Expert Opinion on Drug Discovery. 7(11),
1017-1027.

[2] Anovitz, L. M., & Grew, E. S. (1996). An introduction in
mineralogy, petrology and geochemistry of boron. Re-
views in Mineralogy and Geochemistry, 33(1), 1-40.

478



Baygar T. et al. / BORON 7(2), 475 - 481, 2022

Figure 4. SEM images of the biofilm inhibition of potassium borate at MIC. a) C. albicans control group, b) C. albicans
potassium metaborate-treated group; c) B. subtilis control group, d) B. subtilis potassium metaborate-treated group e) E.
coli control group, f) E. coli potassium metaborate-treated group; g) P. aeruginosa control group, h) P. aeruginosa potassium
metaborate-treated group; i) S. aureus control group, j) S. aureus potassium metaborate-treated group (Scale bar: 10pym).

[3] Shah, F. U., Glavatskih, S. & Antzutkin, O. N. (2013). Bo-  [6] Soriano-Ursuta, M. A. (2019). Chemico-biological activity

ron in tribology: From borates to ionic liquids, Tribology and medicinal chemistry of boron-containing compounds.
Letters, 51, 281-301. Current Medicinal Chemistry, 26(26), 5003-5004.

[4] Nielsen, F. H. (1988). Boron-an overlooked element of  [7] Murray, F. J. (1998). A comparative review of the phar-
potential nutritional importance, Nutrition Today, 23(1), macokinetics of boric acid in rodents and humans, Bio-
4-7. logical Trace Element Research, 66, 331-341.

[5] Devirian, T. A, & Volpe, S. L. (2003). The physiological  [8] Ince, S., Kucukkurt, ., Demirel, H. H., Acaroz, D. A., Ak-
effects of dietary boron, Critical Reviews in Food Science bel, E., & Cigerci I. H. (2014). Protective effects of bo-
and Nutrition, 43(2), 219-231. ron on cyclophosphamide induced lipid peroxidation and

genotoxicity in rats, Chemosphere, 108, 197-204.

479



Baygar T. et al. / BORON 7(2), 475 - 481, 2022

[9] Yilmaz, M. T. (2012). Minimum inhibitory and minimum

(10]

(1]

[12]

[13]

(14]

[15]

[16]

[17]

(18]

[19]

(20]

[21]

bactericidal concentrations of boron compounds against
several bacterial strains, Turkish Journal of Medical Sci-
ences, 42(Sup. 2), 1423-1429.

Tirkez, H., Geyikoglu, F., Tatar, A., Keles, S., & Ozkan,
A. (2007). Effects of some boron compounds on pe-
ripheral human blood, Zeitschrift fiir Naturforschung C,
62(11-12), 889-896.

Yenmez, N. (2009). The importance of boron minerals
in Turkey as a strategic mine. Journal of Geography,
0(19), 59-94..

Zhang, C. H., Yu, Y., Liang, Y. Z., & Chen, X. Q. (2015).
Purification, partial characterization and antioxidant ac-
tivity of polysaccharides from Glycyrrhiza uralensis, In-
ternational Journal of Biolological Macromolecules, 79,
681-686.

Rauter, A. P., Dias, C., Martins, A., Branco, |., Neng, N.
R., Nogueira, J. M., & Waltho, J. P. (2012). Non-toxic
Salvia sclareoides Brot. extracts as a source of func-
tional food ingredients: Phenolic profile, antioxidant
activity and prion binding properties, Food Chemistry,
132(4), 1930-1935.

Clinical and Laboratory Standards Institute (CLSI)
(2006). Performance standards for antimicrobial sus-
ceptibility testing, Sixteenth Informational Supplement.
Document M100-S16, Wayne, PA.

Walencka, E., Sadowska, B., Rozalska, S., Hryniewicz,
W., & Rozalska, B. (2005). Lysostaphin as a potential
therapeutic agent for staphylococcal biofilm eradica-
tion, Polish Journal of Microbiology, 54(3), 191-200.

Baygar, T., Ugur, A., Sarac, N., Balci, U., & Ergun, G.
(2018). Functional denture soft liner with antimicrobial
and antibiofilm properties, Journal of Dental Sciences,
13(3), 213-219.

Ince, S., Kucukkurt, 1., Cigerci, |. H., Fidan, A. F., & Ery-
avuz, A. (2010). The effects of dietary boric acid and
borax supplementation on lipid peroxidation, antioxi-
dant activity, and DNA damage in rats, Journal of Trace
Elements in Medicine and Biology, 24(3), 161-164.

Ince, S., Keles, H., Erdogan, M., Hazman, O., & Kucuk-
kurt, I. (2012). Protective effect of boric acid against
carbon tetrachloride-induced hepatotoxicity in mice,
Drug and Chemical Toxicology, 35(3), 285-292.

Soares, M. M. S. R., & Cury, A. E. (2001). In vitro activ-
ity of antifungal and antiseptic agents against dermato-
phyte isolates from patients with tinea pedis, Brazilian
Journal of Microbiology, 32(2), 130-134.

Benkovic, S. J., Baker, S. J., Alley, M. R. K., Woo, Y.
H., Zhang, Y. K., Akama, T., & Shapiro, L. (2005). Iden-
tification of borinic esters as inhibitors of bacterial cell
growth and bacterial methyltransferases, CcrM and
MenH, Journal of Medicinal Chemistry, 48(23), 7468-
7476.

De Seta, F., Schmidt, M., Vu, B., Essmann, M., & Lars-
en, B. (2009). Antifungal mechanisms supporting boric
acid therapy of Candida vaginitis, Journal of Antimicro-
bial Chemotherapy, 63(2), 325-336.

[22]

(23]

[24]

[25]

[26]

[27]

(28]

[29]

[30]

[31]

[32]

(33]

[34]

[39]

Sayin, Z., Ucan, U. S., & Sakmanoglu, A. (2016). An-
tibacterial and antibiofilm effects of boron on different
bacteria, Biological Trace Element Research, 173(1),
241-246.

Argin, S., Gulerim, M., & Sahin, F. (2019). Development
of antimicrobial gelatin films with boron derivatives,
Turkish Journal of Biology, 43(1), 47-57.

Baker, J., Ding, Z. C., Zhang, Y. K., Hernandez, V., &
Xia, Y. (2009). Therapeutic potential of boron-contain-
ing compounds, Future Medicinal Chemistry, 1(7),
1275-1288.

Barth, R. F., Coderre, J. A., Vicente, M. G. H., & Blue,
T. E. (2005). Boron neutron capture therapy of cancer:
Current status and future prospects, Clinical Cancer
Research, 11(11), 3987-4002.

Henriksson, R., Capala, J., Michanek, A., Lindahl, S. A.,
Salford, L. G., Franzén, L., & Bergenheim, A. T. (2008).
Boron neutron capture therapy (BNCT) for glioblasto-
ma multiforme: A phase Il study evaluating a prolonged
high-dose of boronophenylalanine (BPA), Radiotherapy
and Oncology, 88(2), 183-191.

Dembitsky, V. M., & Srebnik, M. (2003). Synthesis and
biological activity of r-aminoboronic acids. amine-car-
boxyboranes and their derivatives, Tetrahedron, 59(5),
579-593.

Baldock, C., de Boer, G. J., Rafferty, J. B., Stuitje, A.
R.,& Rice, D. W. (1998). Mechanism of action of di-
azaborines, Biochemical Pharmacology, 55(10), 1541-
1549.

Surolia, N., RamachandraRao, S. P., & Surolia, A.
(2002). Paradigm shifts in malaria parasite biochem-
istry and anti-malarial chemotherapy, Bioessays, 24,
192-196.

Jabbour, A., Steinberg, D., Dembitsky, V. M., Mous-
saieff, A., Zaks, B., & Srebnik, M. (2004). Synthesis and
evaluation of oxazaborolidines for antibacterial activity
against Streptococcus mutans, Journal of Medicinal
Chemistry, 47(10), 2409-2410.

Sanchez-Gomez, S., Ferrer-Espada, R., Stewart, P. S.,
Pitts, B., Lohner, K., & de Tejada, G. M. (2015). Anti-
microbial activity of synthetic cationic peptides and li-
popeptides derived from human lactoferricin against
Pseudomonas aeruginosa planktonic cultures and bio-
films, BMC Microbiology, 15(1), 137.

Mah, T. F., & O'Toole, G. A. (2001). Mechanisms of bio-
film resistance to antimicrobial agents, Trends in Micro-
biology, 9(1), 34-39.

Mansour, T. S., Bradford, P. A., & Venkatesan, A. M.
(2008). Recent developments in B-lactamases and in-
hibitors, Annual Reports in Medicinal Chemistry, 43,
247-267.

Hernandez, V., Crépin, T., Palencia, A., Cusack, S.,
Akama, T., Baker, S. J., ... & Plattner, J. J. (2013). Dis-
covery of a novel class of boron-based antibacterials
with activity against gram-negative bacteria, Antimicro-
bial Agents and Chemotherapy, 57(3), 1394-1403.

Chen, X., Schauder, S., Potier, N., Van Dorsselaer, A.,

480



Baygar T. et al. / BORON 7(2), 475 - 481, 2022

(36]

& Pelczer, 1. (2002). Structural identification of a bac-
terial quorum-sensing signal containing boron, Nature,
415, 545-549.

Lowery, C.A,, Salzameda, N. T., Sawada, D., Kaufmann,
G. F.,, & Janda, K. D. (2010). Medicinal chemistry as a
conduit for the modulation of quorum sensing, Journal
of Medicinal Chemistry, 53(21), 7467-7489.

[37] Ceylan, O., Sarag, N., Ugur, A., & Baygar, T. (2019) As-
sessment of the anti-quorum sensing activity and cyto-
toxicity of potassium metaborate, International Sympo-

sium on Boron (p.1065), Turkiye.

481



BORON 7(2), 482 - 486, 2022

TENMAK

BOREN

BOR ARASTIRMA ENSTITUSU

BOR DeRgisi L

JOURNAL oF BORON

https://dergipark.org.tr/boron N e

Bor sitrat uygulanan ratlarin serum ve plazmalarinda bor tayini
Omer Faruk Kogak ®, Alptug Atila®2’, Zekai Halic1® 3, Mevliit Albayrak ©*

1Atatiirk Universitesi, Teknik Bilimler Meslek Yiiksekokulu, Kimya ve Kimyasal i§leme Teknolojileri Bolimii, Erzurum, 25240,

Turkiye

2Atatirk l?niversitesi, Eczacilik Fakiiltesi, Analitik Kimya Anabilim Dali, Erzurum, 25240, Turkiye
3Atatirk l:lniversitesi, Tip Fakiiltesi, Farmakoloji Anabilim Dali, Erzurum, 25240, Tirkiye
“Atatiirk Universitesi, Saglik Hizmetleri Meslek Yiiksekokulu, Tibbi Hizmetler ve Teknikler Boliimii, Erzurum, 25240, Tiirkiye

MAKALE BILGISI

Makale Gegmisi:

ilk génderi 24 Subat 2022
Kabul 3 Mayis 2022
Online 30 Haziran 2022

Arastirma Makalesi

DOI: 10.30728/boron.1078402

Anahtar kelimeler:
Bor sitrat

ICP-MS

Plazma

Rat

Serum

OzZET

Bor, hayvan ve insan biyolojisi igin cok énemli olan dinamik bir eser elementtir.
Bor sitrat, borun metabolizmaya alimindaki en yaygin formlardan biridir. Bu
calismada oral olarak bor sitrat uygulanan ratlarin hem plazmalarinda hem de
serumlarinda ICP-MS ydntemi ile bor miktari tayin edilmistir. Oral olarak 20 mg/
kg bor sitrat uygulanan ratlardan farkli zamanlarda alinan serum ve plazma
numunelerindeki bor konsantrasyonlari tayin edilerek zamana gére degisim
grafigi incelenmigtir. Bor sitrat uygulandiktan 0,25 saat sonra serum ve plazma
bor seviyesinin maksimuma ulastigi ve 6 saat sonra bor seviyesinin normal
plazma ve serum seviyesine indigi gértlmustir. Bu ¢calismanin bor analizleri ve
borun farmakokinetik 6zellikleri agisindan temel teskil edecegini disinmekteyiz.

Boron determination in serum and plasma of rats administered boron citrate
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ABSTRACT

Boron is a dynamic trace element that is very important for animal and human
biology. Boron citrate is one of the most common forms of boron uptake into
metabolism. In this study, the amount of boron was determined by ICP-MS
method in both plasma and serum of rats administered boron citrate orally. Boron
concentrations in serum and plasma samples taken at different times from rats
administered orally 20 mg/kg boron citrate were determined and the graph of
change over time was examined. It was observed that the serum and plasma
boron levels reached the maximum 0.25 hours after boron citrate was applied,
and the boron level decreased to normal plasma and serum levels after 6 hours.
We think that this study will form the basis for boron analysis and pharmacokinetic
properties of boron.

1. Girig (Introduction)

da benzersiz badlanma ve yapisal ézellikleri icin ge-

Bor, hayvan ve insan biyolojisi icin gok énemli olan di-
namik bir eser elementtir. Bor, esas olarak okyanuslar-
da ve topraklarda inorganik boratlar formunda bulunur
ve kendiliginden birlesen RNA molekulindn énemli bir
bileseni olan ribozu stabilize eder [1]. Borun fizyolojik
miktarlari, blyime ve gelisme ile ilgili ¢esitli maddele-
rin metabolizmasini ve tuketimini degistirebilir [2]. Bu
nedenle bor, genellikle deri, beyin, iskelet yapisi, sin-
dirim ve bagisiklik sistemleri dahil olmak tzere cesitli
organlari ve vucut sistemlerini etkiler. Bor, omurgalilar-

reklidir [3]. Hayvanlarda yapilan ¢aligsmalarda, borun
bu 6zelliginin artrit, osteoporoz ve koroner kalp has-
taligi gibi belirli kosullari hafifletmeye yardimci oldugu
belirtilmigtir [4,5]. Yapilan calismalar incelendiginde,
borun mineral ve steroid hormon metabolizmasini
dizenledigi [6], kemik gelisimine katkida bulundugu
[7-9], antioksidan etki gosterdigi [10], immun sistemi
glclendirdigi, enerji metabolizmasini duzenledigi [11],
yara iyilesmesini hizlandirdi§i[12], kanser riskini azalt-
tig1 [13], zihinsel performansi arttirdid1 [14], anemiyi
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duzelttigi [15] ve kilo alimini azalttigi [16] goralmustar.

Bor sitrat borun metabolizmaya aliminda sodyum bo-
rat, bor glisinat ve bor aspartatla birlikte en yaygin
formlarindandir. Bor bilesiklerinin hepsi viicuda girdik-
ten sonra vicut sivilarindan pasif difiizyon ile absorbe
edilen borik asite dontsur [17]. Borik asit kendi kendi-
ne metabolizmaya dahil olamaz ancak idrardan degisi-
me ugramadan elimine edilir. Ayni zamanda ter, safra
ve solunum da borun elimine edilmesine yardimci ol-
maktadir. ilave olarak alinan borun fazlasinin kemik-
lerde depolandigi bilinmektedir [18]. Ayrica kalsiyum,
D vitamini ve magnezyum ile etkilesimi nedeniyle farkl
organlar i¢in faydalidir. Bu nedenle boratlar, farkli diyet
takviyeleri ve ilaglarda endUstriyel 6lgekte kullaniimak-
tadir [1,19,20]. Ancak yuksek dozda ki borun, farkli
hayvanlarda ve insanlarda hiicre hasarini ve toksisite-
yi ortaya ¢ikardigi ve farkli hayvanlarla ilgili daha fazla
¢alismanin optimum bor seviyesini belirlemek igin ge-
rekli oldugu bildirilmigtir [1].

Yapilan literattr arastirmalarinda, organ ve dokularda
[21], plazmada [22,23], serumda [24,25] ve idrarda
[26,27] bor seviyesinin incelenmesi ile ilgili birka¢ ca-
lismaya rastlanmistir. Ancak, bu galismalarda vicudu-
muza borun alim formlarindan biri olan bor sitrat uy-
gulamasi sonucu biyolojik materyallerde bor 6lgimine
dayali bir galismaya rastlaniimamistir. Sonug¢ olarak;
bu calismada oral olarak bor sitrat uygulanan ratla-
rin hem plazmalarinda hem de serumlarinda ICP-MS
yontemi ile bor miktari tayin edilmis ve oral olarak 20
mg/kg bor sitrat uygulanan ratlardan farkli zamanlarda
alinan serum ve plazma numunelerindeki bor konsant-
rasyonlari tayin edilerek zamana gére degisim grafigi
incelenmistir.

2. Malzemeler ve Yontemler (Materials and Methods)

2.1. Reaktifler ve Kimyasallar (Reagents and Chemi-
cals)

Hidrojen peroksit (%30), hidroklorik asit (%36,5-38,0)
ve Nitrik asit (%69,0-70,0) Merck, Almanya'dan temin
edilmistir. TUm standartlari ve numuneleri hazirlamak
icin bir Millipore Direct-Q-UV su ariticisindan elde
edilen (Millipore) ultra saf su (25°C'de 18.2 MQ.cm)
kullaniimistir. Argon plazma gazi ve helyum carpisma
gazinin saflig1 %99,999'dur.

2.2. Deney Hayvanlari (Experiment Animals)

Bu galismada 200-210 g agirhginda 60 adet Sprague-
Dawley cinsi erkek rat kullaniimistir. Deneyler, Deney
Hayvanlari Egitim ve Arastirma Merkezi Etik Kurulu
tarafindan onaylanan etik normlara gére gercekles-
tirilmistir (No: 75296309-050.01.04-E.2000163505).
Ratlar, Atatiirk Universitesi Tibbi Deneysel Uygulama
ve Arastirma Merkezi'nden (ATADEM) temin edilmigtir.
Dogal bir aydinlik ve karanhk dongusu altinda standart
laboratuvar kosullarinda tutulmuslardir. Hayvanlara su

verildi ve normal bir diyetle beslenmiglerdir. Ratlar 10
gruba bolintp (gruplar ratlarin kanlarinin toplandigi
saate gore belirlenmigtir, her bir grup 6 rattan olusmak-
tadir, bir grup kontrol (0. saat) grubudur) oral olarak
bor sitrat (20 mg/kg) igeren tablet verilmistir. Ratlarin
kanlari 0; 0,25; 0,50; 0,75; 1; 3; 6; 12; 24 ve 48. saatte
toplanmistir. Serum eldesi igin jel iceren tlplere, plaz-
ma eldesi icin Etilendiamin tetraasetik asit'li (EDTA)
tiplere aktariimistir. 3000 rpm’de 15 dk santrifiij yapil-
diktan sonra Ust fazlar ICP-MS sistemi ile analiz yapi-
lana kadar -80°C’de saklanmistir.

2.3. Numune Hazirlama (Sample Preparation)

Serum ve plazma 6rneklerinden 0,5 ml alinarak teflon
kaplar icerisine aktariimistir. Uzerlerine 9 ml HNO, ve
1 ml H20: ¢dzeltisi ilave edildikten sonra sistemi olus-
turan kaplar ve segmentler kapatilarak mikrodalgaya
yerlestirildi. 15 dakika 150°C T1 sicakligi, 15 dakika
190°C T2 sicakliga ayarl sistemde bozundurma isle-
mi yapildi (1800 MW). Bozundurma sonucunda 10 ml
olan drneklere 5 ml ultra saf su ilave edilerek seyrel-
tildi. Ornekler 0,45 pm filtre kullanilarak filtrelendi ve
cihaza ikinci bir seyreltiime yapilmadan verilerek ana-
liz yapildi. Her bir analiz 3 farkh dl¢imun ortalamasi
alinarak hesaplandi.

2.4. Enstriimantasyon (Instrumentation)

Cozeltide bulunan elementlerin konsantrasyonlarinin
belirlenmesinde "indiiktif Olarak Eslestiriimis Plaz-
ma-Kutle Spektrometresi (ICP-MS-Agilent 7800 seri-
si, Agilent Teknolojileri, Japonya)” kullanildi. Analize
baslamadan énce cihaza, helyum gazi ile 45 dakika
sure ile arindirma iglemi yapildi. Cihaz parametreleri
ayarlandiktan sonra cihaz aktiflestirildi (Tablo 1). Daha
sonra ayarlama solusyonu (1ug/L Ce, Co, Li, Mg, TI,Y)
ile cihazin kalibrasyon islemi gergeklestirildi. Ayarlama
islemi sonucunda alinan degerler kontrol edilerek ci-
hazda herhangi bir sapmanin olup olmadigi belirlendi.
Otomatik Grnekleyici ve boru sistemi %2’lik HNO, ve
ultra saf suyla, sonda kismi %1’lik HCI ¢ozeltisi ile yi-
kanarak bir sonraki enjeksiyon igin hazir hale getirildi.

Tablo 1. ICP-MS calisma kosullari (ICP-MS operation
conditions).

Parametreler

Radyo frekans giicui (W) 1200
Ornek alim hizi (mL/dk) 0,40
Ar Plazma gazi akig hizi (L/dk) 15
Ar Yardimci gaz akis hizi (L/dk) 1
Tastyici gaz akis hizi (L/dk) 1
He akis hizi (mL/dk) 4,3
Diizenleme/seyreltme gazi (L/dk) 1
Nebulizatér pompa hizi (rps) 0,30
Taslyici gaz basinci (kPa) 1,45
Analiz edilen element Bor
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LOD ve LOQ degerleri sirasiyla 1,398 ve 4,659 olarak
belirlendi. Olglimlerin hesaplanmasi igin “Mass Hunter
4.2 Workstation Software 7800 ICP-MS Top C.01.02”
yazilimi kullanildi.

3. Sonuglar ve Tartigma (Results and Discussion)

Bu galismada bor sitrat uygulanan ratlarin hem serum-
larinda hem de plazmalarinda ayri ayri bor seviyesi
Olcilmuistir. Calismada kontrol grubu olarak bor sitrat
verilmeyen ratlar kullaniimistir. Canlilar esansiyel ola-
rak farkli ortamlardan bor aldiklari icin serumlarinda
ve plazmalarinda bor tespit edilmistir (serum, plazma:
97,68 ppb, 187,32 ppb). 0,25; 0,50; 0,75; 1; 3; 6; 12;
24 ve 48. saatte toplanan kanlardan elde edilen hem
serumda hem de plazma bor elementine ait miktarlar
ppb olarak asagidaki tabloda sunulmustur (Tablo 2).

Tablo 2. Bor sitrat uygulanan ratlarin serum ve
plazmalarinda borun farmakokinetik dagilimi. (Pharma-
cokinetic distribution of boron in serum and plasma of rats
administered boron citrate).
Saat Serum (ppm)

0 97,68 + 16,73

Plazma (ppm)
187,32 + 25,09

0,25 980,52+85,11 1012,53 + 38,57

0,50 415,09+71,83 415,94 + 38,60

0,75 546,11 +£104,25 521,81 + 25,92
1 534,91+ 54,80 537,97 + 38,64
3 404,36 + 61,87 381,08 £ 32,85
6 197,12 +20,08 193,89 £ 10,21
12 257,42 +65,06 227,34 +£22,07
24 144,69+4470 138,34 +14,12
48 216,54+ 31,46 155,49 + 30,07

Burada goruldiga gibi bor sitrat ugulandikdan sonra
0,25. saatte bor serum ve plazma seviyesi pik yapmis
vucuttan atihmi ile zamana bagh olarak dusmustdr. 6.
saatten sonra bor seviyesi kontrol grubunun seviyesi-
ne yaklasmistir (Sekil 1).

Borun kalsiyum, D vitamini ve bazi minerallerin diizen-
lenmesinde buyuk énemi vardir. Ca ve Mg kayiplarini
azaltarak bag yapisini korur. in vitro, hayvan ve insan
deneyleri, borun belirli konsantrasyonlarda biyoaktif
ve faydali olabilen bir element oldugunu gdstermistir
[4,10]. Ancak yuksek dozda ki borun, farkli hayvanlar-
da ve insanlarda hicre hasarini ve toksisiteyi ortaya
cikardigi ve farkli hayvanlarla ilgili daha fazla calisma-
nin optimum bor seviyesini belirlemek i¢in gerekli oldu-
gu bildirilmigtir [1]. Borun bildirilen faydali etkileri ara-
sinda merkezi sinir sistemi fonksiyonunu ve bagisiklik
tepkisini guclendirmek, artritik semptomlari ve iltihabi
hafifletmek, oksidatif stresi module etmek ve hormon
hareketini kolaylastirmak yer alir. Dahasi, kemik buyu-
mesi ve bakimi ile iligkilidir [28]. Borun saghk Gzerin-
deki olumlu etkilerinin yani sira, vicut sivilarinda artan
bor diizeylerinin olumsuz etkilere sahip olabilecedi de

belirtiimistir. Bor, disuk akut toksisite sergiler. Bununla
birlikte, tekrarlanan doz g¢alismalari, borun hem dogur-
ganhdl hem de gelisimi bozabilecegini gostermistir;
erkek Ureme sistemi, sican, fare ve kopek gibi bazi
hayvan tirlerinde toksik etkileri nedeniyle hedef olarak
tanimlanmistir. Bor, Avrupa Kimyasallar Ajansi tarafin-
dan ureme igin toksik olarak kabul edilmigtir [29]. Bu
durum alinan bor miktari ile serum ve plazma bor kon-
santrasyonlarinin nasil degistigini ortaya koymanin
zorunlulugunu goéstermektedir.
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Sekil 1. Ratlarin plazma ve serumlarindaki bor

konsantrasyonlarinin zamana gére degisimi (Time vari-
ation of boron concentrations in plasma and serum of rats).

Borun sagliga olan birgok faydasindan dolayi gida
takviyesi olarak alimi oldukc¢a artmigtir. Amerika Gida
Takviyesi Veri Tabanr’na (The Dietary Supplement La-
bel Database) gore; sodyum borat, kalsiyum fruktobo-
rat, bor glisinat selatlari, bor aspartat, bor askorbat ve
bor sitrat iceren iki binden fazla farkli gida takviyesi
bulunmaktadir [11].

Bor takviyesi sonrasi plazma veya serumda borun far-
makokinetik dagilimi ile ilgili birka¢ ¢alisma mevcuttur.
Green ve ark. [22] yaptiklar ¢alismada erkek vucut
gelistiricilerde bor takviyesinin etkisini arastirmiglardir.
On erkek vicut gelistiriciye 2,5 mg bor takviyesi, do-
kuz erkek vicut gelistiriciye 7 hafta boyunca plasebo
verilerek incelenmistir. Bor takviyesi alan on denekten
altisinin plazma borunda artis oldugunu bulmuslardir.
Bir diger calismada Kan Usuda ve ark. [30] ise oral
olarak sodyum tetraborat verilen siganlarin serum ve
idrarlarinda zamana goére bor dagilimini incelemisler-
dir. Calisma sonucunda serumda ki maksimum bor
miktarina 1,76 saatte ulasildigini bulmuglardir. Bizim
galismamizda ise bor sitrat uygulamasi sonucu se-
rumdaki maksimum seviyeye 0,25 saatte ulasildigi bu-
lunmustur. Bu durum bor sitratin, sodium tetraborata
gore oral yoldan alindiginda kana daha ¢abuk gegctigi-
ni gostermektedir. Lee ve ark. [31] dogurganlik, testis
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ve epididimal histoloji; testis ve prostatik enzimlerin
spesifik aktiviteleri; FSH, LH ve testosteronun plazma
konsantrasyonlari ile plazma ve testislerin bor igeri-
gi degerlendiriimesi igin ratlar 30 ile 60 giin boyunca
standart laboratuvar yemine boraks olarak ilave edilen
500, 1000 ve 2000 ppm bor ile beslenmislerdir. Ca-
lisma sonucunda testis konsantrasyonunun plazmayi
astigi, bunu da tedavi edilen sicanlarin testislerinde
bor birikiminin hem doz hem de maruziyet slresi ile
arttigr bulunmustur. Bu durum bor uygulamalarinda
ki doz galismalarinin énemini gostermektedir. Borun
hamilelikle iliskisi Uzerine yapilan bir ¢alismada [32]
hamile olmayan ve hamile (16. gebelik giini) sican-
lara tek doz 30 mg/kg borik asit sonda ile verilmis ve
2-3 saat araliklarla plazma 6rnekleri alinmistir. Borun
plazma yari d6mri gebe olmayan ve gebe siganlarda
sirasiyla 2,9 + 0,2 ve 3,2 + 0.3 saat olarak bulunmus-
tur. Ayrica ¢alismada hamileligin borun yarilanma ém-
rine etkisi olmadigi belirtiimistir. Nielsen ve ark. [33]
menopoz bagslangicindaki 43 kadina 60 gin boyunca
2,5 mg bor iceren sodyum borat kapsullerini vermistir
ve bor takviyesi alan kadinlarin plazmalarinda ki bor
miktarinin 6nemli derecede arttirdigi sonucuna var-
mislardir. Géruldigu gibi bor takviyesi sonrasi plazma
veya serumda borun farmakokinetik dagilimi ile ilgili
calismalar oldukga kisitlidir. Bor mineralinin fazla veya
eksik tuketimiyle birlikte insan viicudunda birgok anor-
mallik gérulmektedir. Bor kalsiyum metabolizmasi, ke-
mikler ve bagisiklik sistemi basta olmak Uzere beyin
gelisimi, hormonal sistem ve gastrointestinal sistemi
etkilemektedir. Yetersiz bor aliminin kemik saghginin
bozulmasina, osteoporoz riskinin artmasina, beyin
fonksiyonlarinda bozulmalara ve bagisik cevabinin
zayiflamasina neden oldugu bilinmektedir [34]. Bu
durum borun takviye olarak oral yoldan kullanilabilme-
sinin dnemini géstermektedir. Yaptigimiz arastirmalar-
da, vicudumuza borun alim formlarindan biri olan bor
sitrat uygulamasi sonrasi biyolojik materyallerde bor
Olcumu ile ilgi herhangi bir calismaya rastlaniimamis-
tir. Ayrica, hem serum hem de plazmada es zamanli
olarak bor tayininin yapilabilmesi yoninden de ¢alis-
mamizin ustin ydénleri gérilmektedir.

4. Sonuglar (Conclusions)

Sonug olarak bu galismada oral yoldan bor sitrat uy-
gulanan ratlarin serum ve plazmalarinda bor sevi-
yelerini ICP-MS yontemi ile 6l¢uldu. Ayrica bor sitrat
uygulanan ratlarin serum ve plazmalarindaki bor kon-
santrasyonlarinin zamana goére degisimi incelendi.
Bor sitrat uygulandiktan sonra 0,25. saatte serum ve
plazma bor seviyesinin maksimuma ulastigi, 6. saat-
ten sonra bor seviyesinin normal plazma ve serum se-
viyesine indigi gorilmuistir. Calismamizin bor temelli
olarak uretilecek farmasotik formulasyonlarin (kapsul,
pediatrik surup, bor temelli dermatolojik krem vb.)
canli sistemlere uygulandiktan sonra biyolojik mater-
yallerde bor analizi ve farmakokinetik ¢alismalar agi-
sindan temel tegkil edecegini dusinmekteyiz.
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YAZAR KILAVUZU

1. KAPSAM
Bor Dergisi, bor alaninda asagida nitelikleri agiklanmis ma-
kaleleri TUrkce ve Ingilizce olarak kabul etmektedir.

Arastirma Makalesi: Orijinal bir arastirmayi bulgu ve so-
nuglariyla yansitan yazilardir. Calismanin 6zgin ve mutlaka
uluslararasi bilime katkisi olmalidir.

Tarama Makalesi: Yeterli sayida bilimsel makaleyi tarayip,
konuyu bugunki bilgi ve teknoloji dizeyinde 6zetleyen, de-
gerlendirme yapan ve bulgulari karsilagtirarak yorumlayan
yazilardir.

Her makale, konusu ile ilgili en az iki hakeme gdénderilerek
sekil, igerik, 6zglin deder, uluslararasi literatiire ve bilime/
teknolojiye katki bakimindan incelettirili. Hakem gorisle-
rinde belirtilen eksikler tamamlandiktan sonra, dergide ya-
yinlanabilecek nitelikteki yazilar, son baski formatina getirilir
ve yazarlardan makalenin son halinin onay! alinir. Dergide
basildigi haliyle makale i¢inde bulunabilecek hatalarin so-
rumlulugu yazarlara aittir.

Kabul edilen makaleler, Ucretsiz olarak dergi internet sayfa-
sinda (online) ve/veya basili sekilde yayinlanmaktadir.

2. BASVURU FORMLARI

Makale; Kapak Sayfasi, Makale Kontrol Listesi Formu, Ma-
kale Metni, Telif Hakki Devir Formu ve Benzerlik Oran Dos-
yasi olmak Uzere bes ayri formdan olugmalidir. Basvurular-
da iletisimde bulunulacak yazar ve diger yazarlarin iletigsim
bilgileri (adres, e-posta, cep ve sabit telefon no) kapak say-
fasinda verilmelidir.

3. GONDERI KONTROL LISTESI

Basvuru slrecinde yazarlar gonderilerinin asagidaki listede

bulunan tim maddelere uygunlugunu kontrol etmelidirler, bu

rehbere uymayan basvurular degerlendirmeye alinmaya-

caktir.

1. Gonderilecek makale daha Onceden yayinlanmadi ve/
veya yayimlanmak tzere herhangi bir dergiye sunulmadi.

2. Makale Microsoft Office Word 2010 ve Uzeri bir kelime
islemci ile hazirlandi.

3. Makale A4 sayfasinda, kenar bosluklari, Ustbilgi ve altbil-
gi bosluklari ve satir araligi dergi formatina uygun olarak
ayarlandi.

4. Ana basliklar ve alt bagliklar ingilizceleriyle birlikte dergi
formatina uygun olarak diizenlendi.

5. Tablolar dergi formatina uygun olarak hazirlandi, metin
icerisinde bahsedildi, makalenin metin bélumine yerlegti-
rildi.

6. Sekiller dergi formatina uygun olarak hazirlandi, metin
icerisinde bahsedildi, makalenin metin bélumine yerlesti-
rildi.

7. Esitlik ve Reaksiyon numaralandirmalari sirali olarak der-
gi formatina uygun olarak verildi.

8. Orijinal sekiller butlinliyle yazim kurallarina uygun hazir-
landi.

9. Sekil boyutlari formata uygun olacak bigimde diizenlendi.
10. Metin iginde sekiller ardisik numaralandi.

11. Kaynaklar yazim kurallarina uygun yazildi.

12. Kaynaklar metin iginde ardisik siralandi.

13. Kaynaklar metin sonunda, metin i¢inde verildigi sirada
listelendi.

14. Tirkge makale bashgi/Ozet/Anahtar kelimeler/Bélim
basliklari/Tablo ve Sekil adlandirmalari ile ingilizce ma-
kale bashgi/Ozet/Anahtar kelimeler/Bolim basliklary/
Tablo ve $ekil adlandirmalarinin birbirleri ayni oldugu
kontrol edildi.

15. "Kapak Sayfasi" olusturuldu.
16. Telif Hakki Devir Formu imzalandi ve génderildi.

17. Muhtemel yazim hatalari kelime islemcinin "Yazim ve
Dilbilgisi" denetimi ile kontrol edildi.

18. "Editére Not" alanina makalenin 6zgun yonl ve makale-
nin bilime somut katkisi yazildi.

4. TELIF HAKLARI

Makalelerin telif hakki devri, dergi internet sayfasinda sunu-
lan Telif Hakki Devir Formu doldurulup imzalanmak suretiyle
alinir. Form imzalandiktan sonra "ek dosyalar yikle" bolu-
munde PDF olarak yuklenmelidir. Bu formu géndermeyen
yazarlarin makaleleri basilamaz.

5. GIZLILIK BEYANI

Bu dergi sitesindeki isimler ve elektronik posta adresleri bu
derginin belirtilen amaglari dogrultusunda kullanilacaktir ve
diger amaglar veya bagka bir bélim icin kullaniimayacaktir.
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GENEL BILGI

Makale; Kapak Sayfasi, Makale Kontrol Listesi Formu, Ma-
kale Metni, Telif Hakki Devir Formu ve Benzerlik Oran Dos-
yasl olmak Uzere bes ayri formdan olusmalidir. Bagvurular-
da iletisimde bulunulacak yazar ve dider yazarlarin iletisim
bilgileri (adres, e-posta, cep ve sabit telefon no) kapak say-
fasinda verilmelidir.

KAPAK SAYFASI

Basvuru esnasinda yazar isimleri ayri bir dosya olarak yuk-
lenen Kapak Sayfasi hazirlanmali ve online olarak dergimi-
zin internet sayfasina ayri bir dosya olarak yutklenmelidir.
ilk basvuru esnasinda yazarlari sadece dergi editérlerimiz
gorebilecektir.

Makalenin bagliginin ilk harfi biytk ve diderleri kiigik harf-
lerle sayfaya ortali olarak yazilmalidir. Baglik metne uygun,
kisa ve acik olmaldir. Bagligin altina, makalenin yazar ya da
yazarlarinin adi, soyadi, e-posta adresleri, posta adresleri,
posta kodu ve ORCID numaralari yazilmalidir.

ingilizce makale bashgi: Makaleyi kapsayici ve anlasilir bir
baslik kullaniimalidir. Baglik biytk harfle baslamali ve diger
tum harfleri kiigik yazi karakterinde yazilmalidir. Baslik, ge-
rektiginde standart kisaltmalarla birlikte en ¢cok 15 kelimeden
olusmalidir.

Tiirkge makale bashgi: ingilizce makale baghgiyla uyumlu
olmalidir.

Yazar adlari ve adres bilgileri: Yazar adlarinin ve soyadla-
rinin ilk harfleri blyuk diger tim harfleri kiiglik olacak sekilde
yazilmalidir. Galigmanin yurutilmus oldugu yer yazar isim-
lerinden sonra gelmelidir. Yazari ve galismanin yUratuldugui
yeri iligkilendirebilmek amaciyla yazarin soyadindan sonra
ve galismanin yUritllmis oldugu yerden 6nce Ustsimge (1,
2, 3 vb.) ile numaralandiriimalidir. Sorumlu yazar, soyadin-
dan sonra " * " simgesi ile belirtiimelidir. Adres bilgileri igeri-
sinde calismanin yurGtildagu yer, sehir, posta kodu ve (lke
adi yer almalhdir. Adres bilgilerinden sonraki satira her bir
yazarin e-posta adresi yazar isimlerinin sirasina uygun ola-
rak verilmelidir.

Ozet: Ana metne atif yapmadan makalenin konusu anlasilir
bir sekilde 6zetlemelidir. Ozet 220 kelimeyi gecmemelidir.
Standart olmayan kisaltmalar ilk kullanildiginda tam olarak
yazilmalidir.

Anahtar Kelimeler: Ozetten hemen sonra gelmelidir. En
fazla 5 anahtar kelime, harf sirasiyla verilmelidir. Anahtar
Kelimeler konuyu aciklayici kelimelerden secilmelidir. Her bir
anahtar kelime "," ile ayrilmalidir. Anahtar kelimeler ciimle

icermemelidir.

Abstract: Ozette verilen metnin Ingilizceye gevrilmesiyle
olusturulmalidir. Ondalikli sayilar kullaniliyorsa bu sayilarin
Tiirkge Ozette ", " ingilizce 6zette " . " olmasina dikkat edil-
melidir.

Key Words: Ingilizce 6zetten sonra verilmelidir. Tirkce
anahtar kelimelerle uyumlu olmalidir. Konu ile ilgili en ¢ok 5
anahtar kelime alfabetik olarak yazilmalidir.

MAKALE KONTROL LISTESi FORMU

Makalenin metin boliminin dergi yazim kurallarina uy-
gunlugunun kabul edildigini gésteren formdur. Bagvurular
yapllimadan énce Makale Kontrol Formunun doldurulmasi
gerekmektedir. Kontrol formu makalenin ilk sayfasi olarak
verilmelidir. Dergi formatina uygun olmayan veya kontrol lis-
tesi doldurulmamis olan basvurulan degerlendiriimeye alin-
mayacaktir.

MAKALE METNI

Makale Kontrol Listesi Formundan hemen sonra Makale

Metni baglamalidir. Makaleler agadida verilen detaylar goz

Oniunl alinarak hazirlanmalidir.

- Makalenin metin bélimi Times New Roman 12 punto
Yaz Tipi karakterinde, Microsoft Office Word 2010 ve lze-
ri bir kelime islemci ile hazirlanmasi ve Microsoft Office
Word'un Yazim ve Dilbilgisi boliminden yazim hatalarinin
kontrol edilmesi ve dizeltiimesi gerekmektedir.

- Makale tek sttun halinde mimkiin oldugunca yalin olarak,
2,5 cm kenar bosluklar kullanilarak A4 sayfasinda olustu-
rulmalidir.

- Makale dizenlenirken sayfa dizeninin degistiriimemesi
gerekmektedir.

- Satir araliklan 1,5 olarak ayarlanmali ve paragraflar ara-
sinda bir satir bosluk birakilimalidir. Paragraflar oncesi
veya sonrasinda otomatik aralik birakilmamalidir.

- Sayfa gegiglerinde bdlim sonlari eklenmemeli ve tim Ma-
kale tek bir bélimden olugmalidir.

- Tum basliklarin yaninda Ingilizce karsiliklar parantez ige-
risinde yazilmalidir.

- Makale metni referanslar dahil arastirma makaleleri igin
14.000 kelimeyi tarama makaleleri igin ise 22.000 kelimeyi
gecmemelidir.

- Tablolar ve Sekiller Dergimizin istemis oldugu formata uy-
gun olarak hazirlanmadir.

- Makale metni, ana basliklarla bolimlere ayrilmali ve her
bolim bashdl numaralandiriimahdir. Numaralandirma
islemleri ana bélimler i¢in 1.'den baglamali ve tim ana
baglklar (Ozet, Tesekkir, Kaynaklar ve Ekler baliimleri
harig) igin devam etmelidir. Ikincil basliklar ana bélim nu-
maralandirmasina uygun olarak 1.1., 1.2., 1.3., ... seklinde
devam etmelidir. Uglincli basliklar ikinci basliklara uygun
olarak 1.1.1., 1.1.2,, 1.1.3., ... seklinde devam etmelidir.
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Ornek bir makale formati asagida verilmistir:

Kapak sayfasi

1.Giris (Introduction)

2.Malzemeler ve Yontemler (Materials and Methods)
3.Sonuglar ve Tartisma (Results and Discussion)
4.Sonuglar (Conclusions)

5.Simgeler (Symbols)

Tesekkir (Acknowledgment)

Kaynaklar (References)

Ekler (Appendices)

1. Girig (Introduction)

Detayli bir literatir 6zeti, galismanin amacini ve kurulmus
olan hipotezi icermelidir. Kaynaklar toplu olarak ve aralikli
verilmemeli (6rnek [1-5] veya [1, 2, 3, 5, 8]), her kaynadin ¢a-
lismaya katkisi irdelenmeli ve metin igerisinde belirtiimelidir.

2. Malzemeler ve Yontemler (Materials and Methods)
Yuratulmus olan calisma deneysel bir calisma ise deney
proseduri/metodu anlasilir bir sekilde agiklanmalidir. Teorik
bir calisma yuritilmisse teorik metodu detayli bir sekilde
verilmelidir. Yapilan ¢alismada kullanilan metot daha 6nce
yayinlanmis bir metot ise diger calismaya atif yapilarak bu
calismanin diger calismadan farkli belirtiimelidir.

3. Sonuglar ve Tartisma (Results and Discussion)
Elde edilen verilen agik ve 6z bir sekilde verilmelidir. Elde
edilen tum veriler literatlr ile karsilastirilmalidir.

4. Sonuglar (Conclusions)
Elde edilen verilen agik ve 6z bir sekilde verilmelidir. Elde
edilen tim veriler literatir ile karsilastiriimalidir.

5. Simgeler (Symbols)

Makalede kullanilan simgeler aciklamalariyla birlikte alfabe-
tik siraya uygun olarak diizenli bir sekilde verilmelidir. Kul-
lanilan diger simgeler alfabetik siralamadan sonra gelebilir.
Gerektiginde “Yunan Harfleri”, “Alt indis” gibi alt bagliklar
kullanilabilir.

Tesekkiir (Acknowledgment)
Makalenin sonunda ve kaynaklar boliminden dnce verilir.

Kaynaklar (References)

- Basilmis kaynaklarin DOI ve ISBN numarasi belirtiimelidir.

- Internet sitesi adresleri (URL) kaynak olarak veriimeme-
lidir. Ancak metin igerisinde verinin gectigi yerde veriden
sonra belirtilebilir.

- Kaynaklar listesi metin igerisinden kullaniima sirasina uy-
gun olarak numaralandiriimalidir.

- Kaynaklar, “APA Publication Manual, Seventh Edition” ku-
rallarina uygun olarak hazirlanmalidir.

- Kaynaklar ingilizce olarak hazirlanmalidir. Tiirkge kaynak-
larin ingilizce karsiliklari késeli parantez icerisinde belirtil-
melidir.

Kaynaklar icin orneklere https://apastyle.apa.org/style-
grammar-quidelines/references/examples adresinden ulagi-
labilir.

Kaynaklar igin érnekler asagida verilmigtir:
- Kaynak bir makale ise: Yazarin soyadi, Adinin bas har-

fi. (Yil). Makalenin tam baghgi. Derginin Tam Adi, Cilt no
(Say1 no), makalenin baslangi¢ ve bitis sayfa no.

Uysal, I., Yilmaz, B., & Evis, Z. (2020). Boron doped hydroxyapatites
in biomedical applications. Journal of Boron, 5(4), 192-201.

- Kaynak yazari verilen bir kitap ise: Yazarin soyadi, Adi-
nin bas harfi. (Yil). Kitabin Adi. (cilt no, varsa editérl). Ya-
yinevinin adi. ISBN veya DOl numarasi.

Yinli, K. (2019). Bor: Bilesikleri, Sentez Yéntemleri, Ozellikleri, Uy-
gulamalar. [Boron: Its Compounds, Synthesis Methods, Properties
and Applications] (2nd Ed.). Aydili Advertising Agency. ISBN 978-
605-5310-93-6.

- Kaynak editorii verilen bir kitap ise: Editoriin soyadi,
Adinin bas harfi (Eds.). (Y1l). Kitabin Adi. (cilt no). Yayine-
vinin adi. ISBN veya DOI numarasi.

Korkmaz, M. (Eds.). (2020). Bor ve insan Sagligi [Boron and Human
Health]. Kuban Printing and Publishing. ISBN 978-605-9516-69-3.

- Kaynak kitaptan bir boliim ise: Bolim yazarinin soya-
di, Adinin bas harfi. (Yil). Kitabin Adi. In bolim editértiniin
Soyadi, Adinin bas harfi (Eds.), Bélimiin Adi (Varsa cilt
no, alintilanan sayfalar). Yayinevinin adi.

Hakki, S., & Nielsen, F. N. (2020). Boron and Human Health., An-
ti-Inflammatory and Anti-Microbial Potentials of Boron in Medicine
and Dentistry (pp. 67-82). Nobel Academical Publishing, Education,
Consultancy Ltd.

- Kaynak basilmisg tez ise: Yazarin soyadi, Adinin bas har-
fi. (Yil). Tez Bagligi [Tezin kategorisi, Universite]. Tezin ka-
yitl oldugu arsiv. Varsa tezin baglantisi.

Akbaba, S. (2018). Biopolymer modified polypropylene mesh for
hernia treatment [M. Sc. thesis, Middle East Technical Univer-
sity]. Council of Higher Education Thesis Center (Thesis Number

527833).

- Kaynak kongreden alinmig bir teblig ise: Yazarin so-
yadi, Adinin bas harfi. (Y1l). Tebligin adi. Kongrenin Adi,
Yapildigi yer, Tebligin baslangi¢ ve bitis sayfa no.

Akbaba, S., Atila, D., Tezcaner, T, & Tezcaner A. (2018).
BIOMED2018-TR 23. Biyomedikal Bilim ve Teknoloji Sempozyu-
mu [BIOMED2018-TR 23rd Biomedical Science and Technology

Symposium], Turkey, p. 43.

Ekler (Appendices)

Makaledeki ekler EK A (Appendix A), EK B (Appendix B) ve
EK C (Appendix C) vb. olarak adlandiriimaldir. Ekler igeri-
sindeki denklem numaralandirmalari A1, A2, A3 vb. olarak,
Tablo ve Sekil numaralandirmalari Tablo A1, Tablo A2, Sekil
A1, Sekil A2 vb. olarak adlandiriimahdir.

Diger Hususlar

Esitlik Numaralari: Metin igerisinde esitlikler Es. 1, Es. 2
seklinde verilmelidir. Esitlik numaralandirmalari parantez
icerisinde (1), (2), (3) vb. olarak, reaksiyon numaralandirma-
lari (R1), (R2), (R3) vb. olarak numaralandiriimaldirlar.

Birimler: Metin, sekil ve tablo icerisinde Sl birim sistemi kul-
laniimahdir.
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Sekiller ve Tablolar:

- Tablo igermeyen buttn goéruntuler (fotograf, ¢izim, diyag-
ram, grafik, harita vs.) sekil olarak belirtilir.

- Tablo ve sekiller metin icinde gegislerine gére numaralan-
dirlimali, bitiin tablo ve sekiller ilgili paragraftan hemen
sonra verilmelidir. Tablo ve sekillerin her birinin metin igeri-
sinde bahsedildiginden emin olunmalidir.

- Tablo bagliklari tablonun Ustiine ve sekil basliklari seklin
altina konulmalidir. Tablolarin ve Sekillerin Tirkge baslik-
larindan sonra ingilizce bagliklari parantez igerisinde veril-
melidir.

- Makaleye eklenecek sekiller (fotograf, ¢izim, diyagram,
grafik, harita vs.) mutlaka ylksek ¢ozlnurlikte (300dpi
veya Usti) olmalidir. Kabul edilen gorintt formatlar jpeg,
png, tiff, bmp, eps, wmf, emf veya pdf'dir. Dosya boyutlari
1 Mb’ti gegcmemelidir.

- Boyutlandirma islemi orijinal veri Gzerinde yapilmalidir.
Eksen bagliklari, etiketlendirme ve aciklamalari (metin
kutusu, oklar, Uste resim vb. sekilde) Word igerisinde ya-
pilmamalidir. Grafik, Word belgesine tek bir 6¢ge halinde
eklenmelidir

- Tablolar resim olarak verilmemelidir. Blyuk tablolarin tek
bir sayfaya sigmasi tercih edilir. Sekillerde el yazisi kulla-
nilmamalidir. Renkli fotograflar kabul edilebilir ancak bas-
ki siyah-beyaz formata olacaktir. Grafiklerin siyah-beyaz
baskida belirgin olabilmesi igin uygun simgelerin kullanil-
masina 6zen gosterilmelidir.

Yapisal Diyagramlar ve Matematiksel Denklemler: Mole-
kil yapilarinin yani sira matematiksel denklemler metin igin-
de ait olduklari yerde ¢izilmis veya yazilmis olmali ve ayri
bir satirda gdsterilmelidir. Bu molekdl yapilari veya matema-
tiksel denklemler sag yaninda ve parantez icinde numara-
landirilarak daha sonraki kullanimlarda bu numaralara atif
yapiimahdir.

Esitlikler ve denklemler icin MS Word Equation Editor fonk-
siyonu, simgeler igin ise MS Word'de Insert/Symbol fonksi-
yonu kullaniimahidir.

TELIF HAKKI DEVIR FORMU

Yazilarin telif hakki devri, dergi internet sayfasinda sunulan
form doldurulup imzalanmak suretiyle alinir. imzali Telif Hak-
ki Devir Formunu géndermeyen yazarlarin yayinlari deger-
lendirmeye alinmaz.

BENZERLIK ORAN DOSYASI

Makalenizin referanslar bélimui dahil Tam Metni "iThentica-
te" veya "Turnitin" programlari ile taranmalidir. Ilgili program-
dan alacaginiz benzerlik orani sonucunun PDF formatinda
sistemimize yuklenilmesi gerekmektedir.




AUTHOR’S GUIDE

1. SCOPE
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