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Abstract: Today, the majority of the drugs used in the treatment of diseases are obtained by synthesis. A large proportion of the
compounds have obtained heterocyclic structure. Therefore, synthesis of new heterocyclic compounds has always attracted and
continues to attract scientist. It is known that compounds bearing triazole skeleton in the heterocyclic have an important place.

The reactions of 4-amino-triazole compounds, especially with aromatic aldehydes, have been known for a long time and this
reaction is carried out by conventional heating methods. However, the development of alternative heating methods to these
conventional methods has also recently been studied. One of the most important of these is organic synthesis by microwave method
and it is widely used. Another alternative method that has recently been used in organic synthesis is the realization of organic
synthesis reactions with ultrasonic radiation. Ultrasound-assisted organic synthesis is an environmentally friendly, modern and
economical method used to accelerate reactions.

In this study, optimum conditions were determined for this reaction by using ultrasonic radiation method and the results were
compared with the classical method. For this purpose, in the first step iminoester was synthesized by using Pinner method. The
reaction of this iminoester with ethylcarbazate gave the corresponding hydrazone. Then the reaction of this obtained hydrazone
derivative with hydrazine hydrate, the 4-amino-1,2,4-triazole derivative compound was synthesized. In the final reaction step, the
interaction of this amino compound with 3-bromo-4-fluorobenzaldehyde was carried out by conventional and novel method
(ultrasonic radiation) to obtain the targeted imine compound. The chemical structure of the new compound will be determined by
spectroscopic methods such as *H- and 3C-NMR and IR.

The results compared in terms of reaction time, yield and purity between conventional and ultrasonic method. And we found that
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the ultrasonic radiation method is much more advantageous.

Keywords: 1,2,4-triazole, Ultrasonic Radiation Method, Iminoester, Schiff base, Benzaldehyde, Conventional Method.

1. Introduction

It is known that compounds bearing triazole skeleton in the
heterocyclic chemical have an important place. Therefore,
studies on the synthesis of these systems have become
particularly popular recently. The reactions of 4-amino-
triazole compounds, especially with aromatic aldehydes,
have been known for a long time and this reaction is carried
out by conventional heating methods (Kahveci et al., 2000).

However, an experimental study on the realization of this
reaction using ultrasonic radiation in these systems carried
out with this study and the results compared with the
classical method.

© EJBCS. All rights reserved.

For this purpose, 4-amino-1,2,4-triazole compound
registered in the literature (Kahveci et al., 2000) have been
synthesized and the reaction of this compound with 3-
bromo-4-fluorobenzaldehyde have investigated by both
classical and ultrasonographic methods and a novel Schiff
base derivative compound was obtained.

Ultrasound-assisted organic synthesis (Sonochemistry) is
an environmentally friendly, modern and economical
method used to accelerate reactions (Alissa, 2014).
Ultrasound can increase chemical reactivity besides heat,
pressure, light and catalyst. Application of power of sound
to chemical processes: 1-Ultrasound can increase chemical
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reactivity besides heat, pressure, light and catalyst; 2-
Chemical changes by power of ultrasound lower frequency
as result of generated cavitation (Sarpong, 2003; Mason et
al.,2002).

When we look at the benefits of using ultrasonic radiation
in chemical synthesis (Sonochemistry); the reaction rate
increases and allows the reaction to proceed in mild
conditions, it shortens the onset time for exothermic
reactions, reactions can usually walk without need for
additives as a catalyst, the number of reaction steps and
duration decreases, reaction can be directed to alternative
pathway (Thompson et al., 1999; Gogate et al., 2006; Url-
1, 2020).

Sonochemistry can use for; synthesis processing in
nanomaterials; cancer treatment, drug delivery in
therapeutic ultrasound; mizing, preservation, extraction in
food technology; electroplating, electrosynthesis,
electroanalysis in electrochemistry; chemical synthesis,
catalysis in Green Chemistry (Thompson et al., 1999;
Gogate et al., 2006; url-1, 2020).

Therefore, here we aimed to analyze the utility of
Sonochemistry method for the synthesis procedure.

In this study, we aimed to synthesize a novel Schiff base
derivative  “4-(3-bromo-4-fluorobenzylidenamino)-5-(3-
bromobenzyl)-2H-1,2,4-triazol-3(4H)-on” compound by
both Conventional and Ultrasonic radiation method
(Sonochemistry), analyze the structure by spectral methods
(*H- and ®C-NMR and IR) and compare the methods by
providing optimum conditions.

2. Materials and Method

All the chemicals purchased from Merck, Fluka AG, and
Sigma—Aldrich. Merck Kieselgel60 F254 plates were used
for thin layer chromatography (TLC) to monitor reactions.
Melting points (m.p.) were determined using an
Electrothermal 9200 capillary melting point apparatus and
are uncorrected. H-NMR (400MHz) and *C-NMR
(100MHz) spectra were recorded with Brucker Avonce
Ultrashield NMR spectrometers, and Elemental analyses
were performed by Leco CHNS-932 LECO932CHNS
elemental analysis apparatus.

General experimental procedure for synthesis of the
compounds

1) Synthesis of Iminoester Hydrochloride (Compound
la)

The iminoester hydrochlorides used as starting compounds
of our study were synthesized according to the Pinner
Method recorded in the literature (Figure 1) (Pinner, 1892).
In this method, suitable nitrile derivatives and ethanol were
reacted with HCI (g) at anhydrous ether at 0-5°C to obtain
the corresponding iminoester hydrochloride.

Eurasian J Bio Chem Sci, 4(1):1-4, 2021

Diethyl Ether NHHCE
bOGHOH  + HOlY e I
CN 0-5°C C
o Br ocy

Compound 1a
Figure 1. Synthesis of Iminoester Hydrochloride Derivative
Compound (1a) by Pinner Method

For the production of HCI gas, H.SO. and NH4Cl were
reacted and the HCI gas formed was passed to the reaction
medium with the Kip device. The reaction setup is given in
figure 2.

"o
v
>

Nitryl
Ethanol
Ether

Figure 2. Kip setup for obtaining HCI(g)

2) Synthesis of Esther ethoxycarbonyl hydrazone
derivative (Compound 2a)

The ester ethoxycarbonyl hydrazone derivatives to be used
in the study for the production of triazole derivatives were
synthesized according to the method in the literature (Figure
3) (Ikizler et al., 1996). In this method; the iminoester
hydrochlorides and ethyl carbazate were dissolved in
ethanol and reacted in a sealed flask. The flask was placed
in the ice bath and mixing was done with the help of a
magnetic stirrer.

NH.HCI NNHCOOC,Hs
I o I
! + HNNHCOOCHy ——— >
NH,CI c
Br \OCZHs Br \m:QH5

Compund 2a

Figure 3. Synthesis of Ester ethoxycarbonyl hydrazone
derivative compound (2a)

3) Synthesis
(Compound 3a)

of 4-Amino-1,2,4-triazole derivative

The corresponding 4-Amino-1,2,4-triazole compound
was obtained from the reaction of esther ethoxycarbonyl
hydrazone with hydrazine hydrate (Figure 4) (Kahveci,
2005).

NNHCOOC,Hs N—NH
H,0
H + HN-NHH0 ~— ———— /
c A o
Br \OC2H5 s N
AN

.
NH,

Compound 3a

Figure 4. Synthesis of 4-Amino-1,2,4-triazole derivative
compound (3a)
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3) Synthesis of Schiff base derivative final compound
(Compound I)

The reaction of amino-triazole compound with 3-Bromo-4-
fluorobenzaldehyde, corresponding Schiff base derivative
was synthesized by two different methods (Figure 5).

Br

N/NH
/ % + OHC F
(0]
Br N\
NH,

1.Method:
Ethanole, 10 min.
Ultrasonic Radiation

2.Method:
Oil Bath, 8 hour
Conventional Heating

N/NH
/ #O Br
Br N
\N\
\ﬁ r

Figure 5. Synthesis of Schiff base derivative compound |
by two different methods

/O\/HH.HCI
C
Br \OCZH5

Absolute ethanol (5.9 ml, 0.1 mol) was added to the solution
of 4-bromobenzylonitrile (10.3 ml, 0.1 mol) with anhydrous
ether (10 ml). Dry HCI gas was passed through the mixture
until saturation. The mixture was left in the deep cooler for
12 hours and precipitated by the addition of anhydrous
ether. The crystals formed were filtered, washed with
anhydrous ether and dried over CaCl,. The product obtained
was identified as Compound 1a (Mp: 85 ° C). Yield: 9.5 g
(51.21%)

/O\/HNHCOOCZHS

C

Br \OCZHS

The absolute ethanol solution of imino 4-bromobenzy! ethyl
ester hydrochloride (Compound 1a, 6 g, 0.03 mol) was
added to the solution of ethyl carbazate (3.15 g, 0.03 mol)
in absolute ethanol. The mixture was reacted in a sealed
flask. The flask placed in the ice bath was mixed with the
help of a magnetic stirrer. A white turbidity occurred in the
reaction medium during the reaction, because of the
formation of NH4Cl salt in the reaction medium precipitates.

After the reaction was over, NH4Cl in the medium was
filtered. The mixture was kept in the freezer for 12 hours.

3. Results

Eurasian J Bio Chem Sci, 4(1):1-4, 2021

Then the solvent was blown off in the evaporator. After
extraction with petroleum ether, the crystals formed were
filtered, washed with anhydrous ether and dried over CaCl..
The product obtained was identified as Compound 2a (Mp.
85-86 ° C). Yield: 1.5 g (20%).

y—NH

Br N

N

The corresponding 4-Amino-1,2,4-triazole compound was
obtained from the reaction of the esther ethoxycarbonyl
hydrazone with hydrazine hydrate and Compound 3a
obtained (Mp. 85-86 ° C). Yield: 1.5 g (20%)).

N/NH
/ #O Br
Br N\

N—
\E1 F

4-(3-bromo-4-flurobenzylidenamino)-5-(3-bromobenzyl)-
2H-1,2,4-triazol-3(4H)-on

Method 1: 0.01 mol 5-(3-bromobenzyl)-4-amino-2H-1,2,4-
triazole-3(4H)-on (Compound 3a) was added to 0.01 mol of
3-bromo-4-flurobenzaldehyde derivative, the mixture was
heated dry to dry in an oil bath for 1.5 hours. The reaction
process is controlled by TLC. Water is added to the final
mixture. The precipitate is filtered and purified by
crystallization  from  the  ethanol-water  mixture
(conventional method, Ikizler et al, 1991).

Method 2: 0.01 mol 5-(3-bromobenzyl)-4-amino-2H-1,2,4-
triazole-3(4H)-one (Compound 3a) was added to 0.01 mol
of 3-bromo-4-flurobenzaldehyde dissolved in ethanol (1-2
drops of acetic acid is added) and mixture was heated in the
ultrasonic bath for 10 minutes using the ultrasonic radiation
(at 50°C). The reaction process is controlled by TLC. Water
is added to the final mixture. The precipitate is filtered and
purified by crystallization from the appropriate ethanol-
water mixture (ultrasonic radiation method).

4-(3-bromo-4-flurobenzylideneamino)-5-(3-bromobenzyl)-
2H-1,2,4-triazole-3(4H)-one (Compound I);

Yield % 90/96 (Method I/11); Mp.: 213-214°C. Analysis (%
Calculated/found) for CisH11Br,FNsO  (Mw 426.09) C:
45.10/45.01, H: 2.60/2.53, N: 13.15/13.09

IR spectrum (v): 3173 (N-H stretching), 3055 (aromatic C-
H stretching), 1700 (C=0 stretching, ketone), 1587 (C=N
stretching), 1053 (C-F), 815 (C-Br), 743 and 714 cm-1
(monosubstitue benzene deformation) bands.

'H-NMR spectrum (400 MHz, DMSO-ds) (5): 4.068 (s, 2H,
-CHy-), 7.229-8.085 (m,7H, phenyl ring protons), 9.638 (s,
1H, -N=CH-), 12.015 ppm (s, 1H, N;-H) peaks.

13C-NMR spectrum (100 MHz, DMSO-dg) (8): 31.03 (CHy),
109.37-146.142 (Ar C-H), 151.142 (C=N), 151.198 (C5-
triazole), 159.062 (C=0), 161.55 ppm (C-F) peaks.
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4. Discussion

In this study, the synthesis of triazole-imine derivative
compounds with conventional and ultrasonic radiation was
aimed and a compound (Compound 1) was synthesized in
this study.

For this, firstly, starting materials, iminoester
hydrochlorides (Compound 1a) were synthesized according
to the Pinner method (Figure 1) (Pinner, 1892). In the
second stage, the ethyl carbazate compound and iminoester
hydrochlorides were reacted under suitable conditions in
ethanol to obtain ester ethoxycarbonyl hydrazones
(Compound 2a) according to the literature (Figure 3)
(Ikizler et al., 1996). In the third step, the corresponding 4-
amino-1,2,4-triazole-5-one derivative compound
(Compound 3a) was obtained from the reaction of the ester
ethoxycarbonyl hydrazones with hydrazine hydrate (Figure
4) (Kahveci, 2005).

In the last step, comparisons were made using 2 different
methods. While conventional heating method is used in
method 1 (ikizler et al., 1991), ultrasonic radiation method
is used in method 2. Synthesis of the resulting product
triazole imine derivative (Compound 1) was carried out by
both methods.

The physical properties of the compounds and Rf values in
the solvent system were determined in thin layer
chromatography. The structures of the synthesized
compounds were analyzed by spectroscopic methods such
as IR, 'H-NMR, 3C-NMR and elemental analysis.

The spectral data (IR, 'H-NMR, C-NMR) of the
compounds are in accordance with the literature (Layer,
1963; Silverstein et al., 1998; Pretsch et al., 1983).

In the reaction by the conventional method (method 1), the
compounds were mixed for 1,5 hours in the oil bath at the
boiling temperature. In method 2, in the reaction, the
compounds were mixed for 10 minutes in the ultrasonic bath
using the ultrasonic radiation heating. The reaction time was
reduced from 1,5 hours to 10 minutes in method 2.
Looking at the reaction efficiencies, the resulting imine
compound was obtained with a yield of 90% with method
1, while with a yield of 96% in method 2.

When we compare the methods in terms of reaction time,
efficiency and energy efficiency, we found that the
ultrasonic radiation method is much more advantageous.

5. Conclusion

As a Conclusion, this is the first attempt to synthesize Schiff
bases of 4-Amino-triazoles by Ultrasonic radiation method.
The most important advantage of this experiment over other
methods is short reaction time and economical in terms of
energy spent. In terms of efficiency, it shows a competitive
feature to other methods. The study promotes later
ultrasonic assisted synthesis studies on these heterocyclic
aromatic systems.
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Box-Behnken deneysel tasarim metodunun boyah sulardan kitosan koagiilasyonu
ile renk giderimine uygulanmasi

Ezgi Oktav Akdemir®”

L Dokuz Eyliil Universitesi, Cevre Miihendisligi Boliimii, Izmir, Tiirkiye

Ozet: Boyali atiksular 6nemli ¢evre kirleticileri arasinda yer almaktadir. Bu ¢alismada, atik karides kabuklarindan elde edilen bir
biyolojik polimer olan kitosanin, sulu ¢ozeltideki reaktif boyadan (C.I. reaktif mavi 221) renk giderimi amaciyla kullanilabilirligi
aragtirllmigtir. Deneysel ¢alismalarda Box Behnken deneysel tasarim metodu kullanilmis, kitosan konsantrasyonu, boya
konsantrasyonu ve koagiilasyon-flokiilasyon sonrasi ¢okelme siiresinin renk giderme verimi iizerindeki etkileri incelenmistir.
Kitosan konsantrasyonu 50-200 mg/L, boya konsantrasyonu 50-200 mg/Lve ¢okelme siiresi 30-120 dakika araliginda segilmistir.
Yapilan varyans analizi sonunda Model R? degeri 0.9923, tahmini ve hesaplanmis R? degerleri ise 0.8763 ve 0.9784 olarak
hesaplanmustir. Bu da kullanilan yontemin istatistiki acidan yeterince uyumlu oldugunu goéstermektedir. Yapilan deneysel
caligmalar sonucunda 125 mg/L kitosan konsantrasyonu, 50 mg/L boya konsantrasyonu ve 30 dakika ¢okelme siiresi kosullarinda
% 67 renk giderme veriminin elde edildigi goriilmiistiir.

Anahtar Kelimeler: Box-Behnken deneysel tasarim metodu, boya, kitosan, koagiilasyon.

Application of Box-Behnken experimental design method to color removal from dyeing
wastewaters by chitosan coagulation

Abstract: Dyeing wastewater is among the most important environmental pollutants. In this study, the usability of chitosan, which
is a biological polymer obtained from shrimp shells, was used to remove color from reactive dye (C.l.reactive blue 221) in aqueous
solution. In experimental studies, Box-Behnken experimental design method was used, and the effects of chitosan concentration,
dye concentration and precipitation time after coagulation-flocculation on color removal efficiency were examined. The chitosan
concentration was selected between 50-200 mg/L, the dye concentration 50-200 mg/L, and the precipitation time between 30 and
120 minutes. After the analysis of variance, Model R? value was calculated as 0.9923, estimated and calculated R? values were
calculated as 0.8763 and 0.9784. This shows that the method used is statistically sufficiently compatible. As a result of experimental
studies, it was observed that 67% color removal efficiency was obtained under 125 mg/L chitosan concentration, 50 mg/L dye
concentration and 90 minutes precipitation time.

Key Words: Box-Behnken experimental design method, dye, chitosan, coagulation.
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1. Giris

Uretim siiregleri sirasinda boya kullanan endiistriler,
atiksularinda yiiksek konsantrasyonlarda boya igerigine
sahiptirler. Tekstil endiistrisi, iiretimde kullanilan boyanin
% 10-15'inin atiksuya karistigi endiistrilerden biridir. Bu
endiistriden kaynaklanan boyali atiksular alici ortamlarda
yiiksek kimyasal oksijen ihtiyact (KOI), artan toksisite,
biyo-bozunurlugun azalmasi ve biyotanin biiyiimesi gibi
gesitli problemlere neden olur. Bu nedenle tekstil endiistrisi

© EJBCS. All rights reserved.

atiksularindan boya giderimi gerekmektedir (Mohammed
ve ark. 2014, Karthik ve ark. 2014).

Genel olarak boyali atiksularin aritimi, 1518a ve oksitleyici
maddelere karsi stabil olmalar1 ve diigiik biyo-
bozunabilirlikleri nedeniyle gii¢c olmaktadir (Buscio ve ark.
2016). Cogu tekstil endiistrisi aritma tesisinde BOI ve KOI
giderimi i¢in biyolojik aritma yontemleri kullanilsa da,
genellikle tekstil endiistrisinde kullanilan boyarmaddeden
kaynaklanan renk bu ydntemlerle tamamen giderilemez
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(Sadhasivam ve ark. 2005). Bu nedenle, atiksudaki rengi
gidermek icin biyolojik islemlere kimyasal aritim,
adsorpsiyon veya ileri oksidasyon gibi bazi yontemler
eklenmelidir.

Pihtilasma, yumaklastirma ve ¢okeltim siireclerinden
olusan kimyasal aritma ydntemlerinin, disperse boya gibi
coziinmeyen boyalarin renklerinin giderilmesinde etkili
oldugu bilinmektedir. Tekstil atiksu aritiminda alum,
polialiiminyum kloriir, demir-ll-siilfat (FeSOa), demir-I11-
kloriir (FeCls) ve kireg gibi bilinen geleneksel koagiilantlar
yaygin olarak kullanilmaktadir (Robinson ve ark. 2001).
Bununla birlikte, bu kimyasallarin kullanimi ile olusan
toksik ¢amurlar suda yagayan organizmalar1 ve dolayl
olarak insan sagligini etkileyebilmektedir (Nayef 2006).

Boyali sularin dogrudan FeClz kullanimi ile aritiminda
sinirht sayida ¢aligma mevcuttur. Papic ve ark. (2000),
reaktif boya igeren atiksularin koagiilasyon-flokiilasyon
islemi ile arntimmda koagiilant olarak FeCls.6H,O
kullanmusler ve bu islemle % 99.5 renk giderme verimi elde
etmislerdir. Boyal1 sularin aritimi icin yapilan bir bagka
calismada, FeCls ile kimyasal koagiilasyon ve Fenton
oksidasyonu kombinasyonu ile en yaygin kullanilan dispers
ve reaktif boya maddelerinin bazilarinin renk giderimi
incelenmistir. Fe*® koagiilasyonu ile birlikte Fenton
oksidasyonunun COD ve boya gideriminde ¢ok etkili
oldugu bulunmus, optimum kosullarda % 90 KOI ve % 99
renk giderme verimi elde edilmistir (Kim ve ark. 2004).
Yapilan bir bagka ¢aligmada, FeCls'ii yesil, sar1 ve kirmizi
gibi ii¢ farkli glines gecirmez boyanin giderimi igin
koagiilant ~ olarak  kullamlmigtir.  Optimum  FeCls
konsantrasyonun 2 g/l olarak bulundugu bu ¢alismada yesil,
sart ve kirmizt renk boyalar icin bulaniklik giderme
verimleri sirastyla% 86.2,% 83.6,% 93.4 iken renk giderme
verimleri ise % 82.7,% 61.4 ve % 79.0 olarak bulunmustur
(Tian ve ark. 2013).

Gergek tekstil atiksuyunun aritimi igin koagiilasyon/
flokiilasyon islemlerini  uygulamanin fizibilitesinin
arastirildigi bir calismada koagiilant olarak Fez(SOa)s,
AICl3, Alx(SO4)3 ve FeCls kullanilmistir. Yapilan galismalar
sonucunda KOi, TKM ve renk gideriminde en etkili
kimyasal olarak FeCls bulunmustur. FeCls
koagiilasyonunun optimum deney kosullari; 150 rpm’de 1
dakika hizli karistirma, 30 rpm’de 20 dk yavas karigtirma ve
30 dakika ¢okeltim siiresi olarak belirlenmistir (Karam ve
ark. 2020)

Boyali sularin aritiminda kullanilan bir diger kimyasal
FeSOy4’diir. Rodrigues ve ark. (2013) tarafindan yapilan bir
calismada pamuk, akrilik ve polyester igeren sentetik boyali
sulardan organik bilesiklerin ve rengin giderimi
aragtirllmistir. Koagiilant olarak FeSO4 kullanilmis, her ii¢
madde icin farkli giderme verimleri elde edilmistir.
Polyester ve pamuk i¢in optimum FeSO4 dozu 200 mg/I
iken akrilik i¢in bu doz 3000 mg/l olarak bulunmustur.
Optimum kimyasal dozlarinda elde edilen maksimum renk
giderme verimleri pamuk, akrilik ve polyester i¢in sirasiyla
% 91, % 94 ve % 99 iken ¢6ziinmiis organik karbon giderme

Eurasian J Bio Chem Sci, 4(1):5-11, 2021

verimleri ise sirasiyla % 45, %28 ve % 33 olarak
bulunmustur.

Son yillarda yapilan c¢alismalarda, c¢evre dostu
koagiilantlarin ~ atiksu  aritiminda  uygulanabilirligi
arastirilmis,  toksik  olmayan,  biyolojik  olarak
parcalanabilen dogal koagiilantlar tizerinde

yogunlasilmistir. En popiiler dogal bazli koagiilantlardan
biri karides iglemenin bir atik {iriinii olarak ortaya ¢ikan
kitosandir. Kitosan genellikle kirletici parcaciklar ile gii¢li
bir sekilde reaktif olabilecek bir miktar serbest amin ve
hidroksil grubu igermektedir (Guibal 2004, Akdemir 2012).

Literatiirdeki ¢alismalar incelendigi zaman degisik
boyalarin kitosan ile kimyasal aritim1 arastirilmistir. Kongo
Kirmizi boyasinin kitosanla arittiminin incelendigi bir
calismada optimum doz 25 mg/L olarak bulunmus, bu
durumda elde edilen renk giderme verimli % 75 olmustur
(Patel ve ark. 2012). Bir anyonik boya olan Asit Mavi
92°nin (AB92) kitosan koagiilasyonu ile gideriminin
arastirildigi bir ¢aligmada ise boya konsantrasyonu 25-100
mg/L, kitosan konsantrasyonu ise 20-150 mg/L araliginda
alimmus, diisiik boya ve kitosan konsantrasyonlarinda %99’a
varan renk giderme verimleri elde edilmistir (Szygula ve
ark. 2009). Bui ve ark. (2016) yapmis olduklar1 ¢aligmada
kitosan koagiilasyonu ile sulu ¢dzeltideki reaktif kirmizi 24
(Suncion Red P-2B) boyasinin basariyla giderildigini
belirtmislerdir. Notr kosullar altinda 80 mg/L kitosan
dozunda 60 rpm calkalama hizinda 30 dakika sonunda
% 99.5 renk ve % 72.7 KOI giderme verimleri elde
edilmistir. Asit kirmizi 95 (AR95) boyasmin kitosan
koagiilasyonu ile gideriminin arastirildig: bir ¢alismada en
yiiksek renk giderme veriminin (%70) elde edildigi boya
konsantrasyonu 50 mg/L, kitosan konsantrasyonu 125 mg/L
ve c¢okelme siiresi 90 dakika olarak belirlenmistir. KOI
giderimi incelendiginde ise 200 mg/L boya konsantrasyonu,
200 mg/L kitosan konsantrasyonu ve 30 dakika ¢okelme
siiresinde en yiiksek KOI giderme verimi (%60) elde
edilmistir (Akdemir 2018).

Bu calisma kapsaminda, bir deniz {riinii ati§1 olan
kitosanin sulu ¢ozeltilerden C.I. reaktif mavi 221 boyar
maddesinin gideriminde koagulant olarak kullanilabilirligi
aragtirilmistir.  Reaktif mavi 221  boyarmaddesinin
secilmesinin nedeni Tiirk tekstil endiistrisinde siklikla
kullanilan bir boyar madde olmasidir. Koagiilant olarak
secilen kitosan ise biyolojik bir polimerdir ve uygulanan
yontem sirasinda  olusan camur toksik madde
icermemektedir. Deneysel ¢aligmalarda farkli boyar madde
ve kitosan konsantrasyonlarinda hizli  karistirma
(koagiilasyon), yavas karistirma (flokiilasyon) ve ¢okeltim
siireglerinden olusan jar testi deneyleri yapilmistir.
Literatiirdeki ¢alismalardan farkli olarak Box-Behnken
istatistiksel deney tasarim yontemi kullanilmistir. Calisma
bu yoniiyle literatiire katki saglayacaktir. Kitosan
konsantrasyonu, boyar madde konsantrasyonu ve ¢okeltim
sirelerinin renk giderme verimi {zerindeki etkileri
incelenmigtir. Renk giderme verimlerini en iyi hale getiren
boya, kitosan konsantrasyonlar1 ile ¢okeltim siireleri
belirlenerek ¢alisma kapsaminda sunulmustur.
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2. Materyal ve Metod
2.1. Jar testi deneyleri

Deneysel ¢alismalarda kullanilan laboratuar dlgekli jar testi
sistemi, VelpScientifica firmasindan F105A0109 koduyla
JLT 6 modeli olarak temin edilmistir. Jar testi diizenegi
Sekil 1’de gosterilmektedir. Onceden belirlenen dozlarda
boya ve kitosan dozlar1 hassas terazide tartilarak 500 ml’lik
beherlere alinmus ve iizerlerine saf su eklenmistir. Once 200
rpm karistirma hizinda 3 dakika hizli karistirma, sonra 40
rpm karistirma hizinda 45 dakika yavas karistirma islemi
uygulanmistir. Karigtirma islemi bitince numuneler farkli
siirelerde ¢okelme islemine tabi tutulmustur. Cokelme
islemi sonunda beherlerin st kismindan pipet yardimi ile
ornekler alinarak renk oOlglimleri yapilmigtir. Renk
Olciimlerinde HACH Lange marka DR 5000 model
spektrofotometre kullanilmis ve dlglimler 456 nanometre
dalga boyunda yapilmistir.

Sekil 1. Jar testi deney diizenegi

2.2. Kitosan ve boya

Kitosan bol miktarda ve yenilenebilir bir kaynaktir.
Biyolojik olarak parcalanabilir, petrol bazli ve toksik
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degildir. Bu nedenle en ¢ok tercih edilen katyonik dogal
organik polimerdir (Syafalni ve ark. 2012). Deneysel
calismalarda kullanilan kitosan yiiksek molekiil agirhigina
sahiptir. Sigma-Aldrich firmasindan 419419 iiriin koduyla
elde edilmis, genel kimyasal yapist Sekil 2’de verilmistir.
C.L reaktif mavi 221 boyast ise tekstil endiistrisinde sik¢a
kullanilan bir boyadir ve Denizli ili Saraykdy il¢esinde
bulunan bir tekstil firmasindan temin edilmistir. Bu boyanin
genel kimyasal yapis1 Sekil 3°de verilmektedir.
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Sekil 2. Kitosanm genel kimyasal yapis1 (Syafalni ve ark. 2012)
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Sekil 3. C.I. reaktif mavi 221 boyasinin genel kimyasal yapist

2.3. Box-Behnken deneysel tasarim metodu

Degiskenlerin objektif veya yanit fonksiyonlar: tizerindeki
etkilerini incelemek amaciyla deneysel tasarim yapilirken,
klasik yaklagim olarak bir kerede bir degisken
degistirilmektedir. Ancak bu yaklagim, o6zellikle ¢ok
degiskenli sistemler igin ve ayrica birden fazla yanit
diistintildiiginde zaman alict bir ydntem olmaktadir.
Deneylerin istatistiksel tasarimi ise, gergeklestirilecek
deney sayisini azaltir, degiskenler arasindaki etkilesimleri
dikkate alir ve c¢ok degigskenli sistemlerde c¢alisma
parametrelerinin optimizasyonu icin kullanilabilir. Box-
Behnken tasarimi olarak bilinen modifiye edilmis merkezi
kompozit deneysel tasarim, az sayida c¢alisma yaparak
(6rnegin, {i¢ parametreli bir deneysel tasarim igin 15
calisma) yanit fonksiyonunun hesaplanmasini ve incelenen
araliktaki  herhangi bir deney noktasinda sistem
performansinin tahmin edilmesini saglar (Ay ve ark. 2009).

Bu caligmada ii¢ bagimsiz degiskenin yanit fonksiyonlari
tizerindeki etkilerini aragtirmak ve renk giderme verimini en
iist diizeye ¢ikaran kosullar1 belirlemek i¢in Box—Behnken
istatistiksel deney tasarimi  kullanilmistir. Bagimsiz
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degiskenler  kitosan  konsantrasyonu  (Xi), boya
konsantrasyonu (X2) ve ¢okeltim siiresidir (X3). Bagimli
degisken (veya yanit fonksiyon) ise renk giderme verimidir
(Y1). Her bagimsiz degiskenin diisiik, orta ve yiiksek
seviyeleri Tablo 1'de gosterildigi gibi sirasiyla —1, 0 ve +1
olarak belirlenmistir. Kitosan konsantrasyonu (X;) 50-200
mg/L, boya konsantrasyonu (Xz) 50-200 mg/L, ¢okeltim
stiresi (X3) 30-120 dakika araliginda segilmis ve toplamda
15 adet deney yapilmistir.

Tablo 1. Deney noktalarinin belirlenmesi

Bagimsiz degisken Sembolii Kodlanmis hali
-1 0 +1

Kitosan X1 50 125 200

konsantrasyonu,

mg/L

Boya X2 50 125 200

konsantrasyonu,

mg/L

Cokeltim siiresi, X3 30 75 120

dakika

3. Bulgular ve Tartisma

Bagimli ve bagimsiz degiskenlerin degerleri ile deneysel
veriler her deney icin Tablo 2'de sunulmaktadir. Merkez
noktast (0, 0, 0) ii¢c kez tekrarlanmig ve verilerin
tekrarlanabilirligini gosteren hemen hemen ayni sonuglar
elde edilmistir.

3.1. Box—-Behnken deneysel tasarim metodu sonuglart

Box—Behnken istatistiksel deney tasarim metodu, yanit
fonksiyonu ile bagimsiz degiskenler arasinda ampirik bir
iligki sunmaktadir. Yanit fonksiyonu (Y) ve bagimsiz
degiskenler (X) arasindaki matematiksel iliski, asagidaki
sekilde ikinci dereceden bir polinom denklemi ile tahmin
edilebilir:

Y = bo + bl X]_ + b2X2 + b3X3 + b12X1X2 + b13X1X3 +
b23X2X3 + b11x12 + b22x22 + b33X32 (1)

Burada Y: verim, bg: sabit, bi,bp,bs: dogrusal katsayilar,
b12,b13,b23: capraz iiriin katsayilari,
b11,b22,b33: ikinci dereceden katsayilardir.

Design Expert 7.0 regresyon programi kullanilarak bagiml
degisken i¢in yanit fonksiyonunun katsayilari, deneysel
sonuglar ile cevap fonksiyonlar1 arasindaki korelasyon
saptanmistir. Renk giderme verimi (Y1) i¢in belirlenmis
katsayilara sahip yanit fonksiyonu esitlik (2)’de verilmistir.

Y, = 98.26118 — 0.12286 X, —0.00090971 X, +
0.7707 X5 + 0.000598 X, X, + 0.0057524 X, X5 —
0.0003064X,X;—0.0024686x,2+0.00055797x,2 +
0.0005262x2 )

Yanit  fonksiyonundaki  katsayilarm  isaretleri  ve
biiyiikliikleri bagimsiz degiskenlerin yanit fonksiyonu
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iizerindeki etkisini gostermektedir. Esitlik (2)’ye bakildig:
zaman renk giderme veriminin ¢okeltim siiresi (Xa3) ile
arttig1, kitosan (X1) ve boya konsantrasyonlart (Xy) ile ise
azaldign goriilmektedir. Boya konsantrasyonu katsayisi
diger katsayilardan 10° kat kiiciik oldugu icin verim
iizerinde etkisinin ¢ok diisiik oldugu sdylenebilir.

Yanit (renk giderme verimi) i¢in varyans analizi (ANOVA)
testleri de yapilmis ve sonuglari Tablo 3'de sunulmustur.
Tablo 3’de gortldigi gibi, Model F- degeri 71.31 olarak
hesaplanmistir. Bu deger modelin istatistiki agidan 6nemli
oldugunu gostermektedir. 0.05°den daha kiiciik Prob>F
degerleri belirlenen degigkenlerinin istatistiki agidan dnemli
oldugunu gostermektedir. Buna dayanarak X, Xs, X1Xa,
X1X3, Xi2 ve X,? terimlerinin 6nemli model terimleri
oldugu sdylenebilir. Model R? degeri 0.9923 olarak elde
edilmistir. Tahmini ve hesaplanmis R? degerleri ise 0.8763
ve 0.9784 olarak hesaplanmis olup bu iki deger birbiri ile
istatistiki agidan yeterince uyumludur. Elde edilen 3 boyutlu
model grafiginin uygunluk hassasiyeti (adeq. Prec.)
degerinin 4’ten biiyiik olmas1 gerekmektedir. Yapilan veri
analizi neticesinde bu deger 31.132 olarak belirlenmistir.
Bu nedenle tasarim alani, sonuglarm 3 boyutlu grafiksel
gosterimi i¢in uygundur.

3.2. Renk giderme verimi

Yapilan deneysel caligmalarda farkli dozlarda boya ve
kitosan tartilarak 500 ml beherlere alinmus, lizerlerine saf su
eklenmistir. Once 3 dakika hizl1 karistirma, sonra 45 dakika
yavas karigtirma ve son olarak belirli siirelerde ¢okeltim
uygulanmistir. Ust sudan numune almmus, renk 6lgiimii
yapilarak renk giderme veriminin degisimi incelenmis,
sonuglar Sekil 4’de verilmistir.

Sekil 4 (a) incelendiginde, biitiin boya konsantrasyonlari
icin renk giderme veriminin belli bir kitosan
konsantrasyonuna kadar artarak maksimum degere ulastigi,
daha sonra da sistematik olarak azaldig1 goriilmektedir. Bu
durum yiik notralizasyon mekanizmasi tarafindan kontrol
edilen bir koagiilasyon-flokiilasyon sisteminin tipik
egrisidir. Disiik kitosan konsantrasyonlarinda, kitosanin
protonlanmig amin gruplart siilfonik gruplar tasiyan
anyonik boya tarafindan elektrostatik olarak ¢ekilir. Bu
reaksiyon sayesinde boyalarin anyonik yiikleri notralize
edilmis olur. Protonlanmis amin gruplarinin miktar
anyonik yiikleri tamamen nétralize ettiginde, boya giderme
verimi maksimuma ulasir. Bu c¢aligma i¢in 125 mg/L
kitosan dozunda maksimum verim elde edilmistir.
Cozeltiye 125 mg/L’den fazla kitosan eklendigi zaman ise
asirt miktardaki protonlanmis amin gruplart ¢ozeltide
yeniden stabilize hale gelir ve verimi diisiiriir (Guibal ve
ark. 2004, Akdemir 2012). 200 mg/L sabit boya
konsantrasyonu i¢in renk giderme verimleri incelenecek
olursa, kitosan konsntrasyonu 50 mg/L iken verim %
57.2°dir. Konsantrasyon 125 mg/L’ye ¢iktiginda verim de
%66.6’ya ¢ikmigtir. 200 mg/L kitosan dozunda elde edilen
verim ise % 47.1°dir.
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Tablo 2. Box-Behnken deney tasarimina gore kodlanmis degerler ve cevap degerleri

Deney X1 X X3 Y1
numarasi (mg/L) (mg/L) (dakika) (%)
1 1) 50 (0) 125 (+1) 120 31.2
2 (0) 125 (0) 125 (0) 75 57.5
3 (-1) 50 -1) 50 (0) 75 55.2
4 (+1) 200 (0) 125 (+1) 120 54.6
5 (-1) 50 (0) 125 1) 30 73.6
6 (0) 125 1) 50 (+1) 120 58.3
7 (0) 125 (0) 125 (0) 75 57.5
8 (0) 125 (+1) 200 1) 30 67.1
9 (+1) 200 (+1) 200 (0) 75 45.0
10 (-1) 50 (+1) 200 (0) 75 58.7
11 (0) 125 (-1) 50 (-1) 30 54.8
12 (0) 125 (0) 125 (0) 75 57.5
13 (+1) 200 (0) 125 1) 30 19.2
14 (+1) 200 (-1) 50 (0) 75 28.0
15 (0) 125 (+1) 200 (+1) 120 66.5

Tablo 3. Renk giderimi i¢in varyans analizi (ANOVA)

Terimler Kareler toplam1 Serbestlik Kareler F-degeri p-degeri Prob > F
derecesi ortalamast
Model 3208.76 9 356.53 71.31 <0.0001
X1 648.73 1 648.73 129.74 < 0.0001
X2 210.59 1 210.59 42.12 0.5548
X3 2.00 1 2.00 0.40 0.0013
X1 X2 45.27 1 45.27 9.05 0.0298
X1 X3 1507.66 1 1507.66 301.53 < 0.0001
X2 X3 4.28 1 4.28 0.86 0.3974
Xq? 711.97 1 711.97 142.39 <0.0001
Xa? 36.37 1 36.37 7.27 0.0429
X3? 4.18 1 4.18 0.84 0.4023
Residual 25.00 5 5.00
Cor Toplam 3233.76 14
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Sekil 4. Renk giderme veriminin boya konsantrasyonu, Kitosan
konsantrasyonu ve ¢okeltim siiresi ile degisimi a) ¢okeltim siiresi:
75 dakika b) boya konsantrasyonu: 200 mg/L c¢) Kkitosan
konsantrasyonu: 125 mg/L.

200 mg/L boya konsantrasyonu i¢in renk giderme veriminin
¢okeltim siiresi ve kitosan konsantrasyonu ile degisimi
Sekil 4 (b)’de goriilmektedir. Bu boya konsantrasyonu igin
renk giderme verimi 30 dakikalik ¢okeltim siiresinde
maksimum seviyededir. Siirenin artmasiyla birlikte verimde
azalmalar gozlenmistir. 30 dakikadan itibaren olusan floklar
yeniden stabilize hale geldigi i¢in kitosan ile boya daha az
etkilesime girmektedir. Dolayisiyla renk giderme verimi de
diismektedir (Bui ve ark. 2016). 30 dakikalik ¢okeltim
stiresinde renk giderme verimi % 67 iken siire 120 dakikaya
cikarlldiginda verim % 40’a diismiistiir. Renk giderme
veriminin boya konsantrasyonu ile degisimi incelendigi
zaman ise, boya konsantrasyonunun verim {iizerinde gok
etkili olmadig: goriilmistiir (Sekil 4 (a) ve (c)). 125 mg/L
kitosan konsantrasyonu ve 30 dakika ¢okeltim siiresi i¢in 50

10

Eurasian J Bio Chem Sci, 4(1):5-11, 2021

mg/L ve 200 mg/L boya konsantrasyonlarinda % 67 renk
giderme verimi elde edilmistir.

4. Sonuclar

Bu ¢aligmada, C.I. reaktif mavi 221 boyasini1 igeren sentetik
sudan koagiilasyon-flokiilasyon islemi ile renk giderimi
amaciyla kitosanin kullanilabilirligi arastirilmistir. Box-
Behnken  deneysel tasarim  metodunun  kitosan
koagiilasyonu ile renk giderimi igin istatistiksel olarak
giivenilir sonuglar verdigi kanitlanmigtir. Yapilan varyans
analizi sonunda Model R? degeri 0.9923, tahmini ve
hesaplanms R? degerleri ise 0.8763 ve 0.9784 olarak
bulunmustur. Yanit fonksiyonundan elde edilen tahminler,
kullanilan metodolojinin giivenilirligini gésteren deneysel
sonuglarla iyi bir uyum icindedir. Bu da kullanilan
yontemin istatistiki agidan uygun oldugunu gostermektedir.

Yapilan deneysel c¢aligmalar sonucunda renk giderme
veriminin artan kitosan konsantrasyonu ile arttifi, 125

mg/L’nin  iizerindeki kitosan konsantrasyonunda ise
verimin  azalmaya  basladigi = gozlenmistir.  Boya
konsantrasyonundaki  degisiklik  verimi ¢ok fazla

etkilememektedir. Cokeltim siiresindeki artis ise renk
giderme veriminde azalmaya neden olmaktadir. Sonug
olarak en yiiksek renk giderme veriminin (% 67) elde
edildigi kosullar 50 mg/L boya konsantrasyonu, 125 mg/L
kitosan konsantrasyonu ve 30 dakika ¢okeltim siiresidir.
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Abstract: In this study, in the present study reveals the morphological, anatomical and ecological characteristic of
Cephalanthera damasonium (Mill.) Druce in Turkey. Plant materials of Cephalanthera species were collected from one
population, between 2018 in Eskisehir/Turkey. C. damasonium (Mill.) Druce samples were analyzed for 7 anatomical and soil
characters and habitat properties. It was investigated micrometrically in the anatomy of C. damasonium (Mill.) Druce. In
morphological investigations, the structure of flower, lateral sepal, petal, dorsal sepal, lip, anther cap and column was
determined. The findings were compared with those in Flora of Turkey. to habitat definition, C.damasonium (Mill.) Druce grew

up to 800 m to 1200 m.

Keywords: Anatomical, Morphological, Cephalanthera damasonium, Eskisehir, Turkey.

1. Introduction

Orchidaceae is the most famous and attractive plant family
among all plant families of the world. Turkey is a rich
country of terrestrial orchids and represented by 150 taxa
(Arditti, 1992; Prigdeon, 1992; Julou at al. 2005). Turkish
orchidaceae were introduced in the volume 8 and 11 of
Flora of Turkey. In Turkey, Orchidaceae is represented by
26 genus and about 166 species, of which 60 are endemic
(Davis et al. 1978; Giliner et al. 2000; Ataslar, 2018;
Dreesler, 1983; Pecoraro et al. 2017; Segota et al. 2012;
Stockel et al. 2011). Terrestrial orchids have creeping,
much reduced, fibrous or fleshy rhizomes or tuber like
roots. Orchis L. taxa are terrestrial orchids and diagnosed
by a basal rosette and terminal, unbranched infloresence
that is composed of small to moderately large resupinate
flowers. This genus belonged to the Orchidinae tribe of
which 30 species demonstrate their main distribution in the
Northern regions of Europe and Asia (Renz and
Taubenheim, 1984; Dressler, 1993; Kreutz, 2000; Kreutz,
2009; Abadie et al. 2006; Dafni and Ivri 1981). Most
cultivars are tropical or sub-tropical. This species is known
as salep in Turkey likes many other members of
Orchidaceae (Baytop, 1997; Akman et al. 2014).

Orchids are nearly found in all ecosystems around the
world except for glaciers, true desert and open water,

© EJBCS. All rights reserved.

although tropical areas especially in Asia, Africa and
America are the hot spots of diversity. Orchis is a major
genus of Orchidaceae family in Flora of Turkey,
represented by 22 species (Renz and Taubenheim, 1984;
Kreutz, 2000). In the last description study on Orchis
(Kreutz, 2009), some species were classified under the
genus Anacamptis and Neotinea (Kreutz, 2009). In this
study, the nomenclature of Orchis is according to the Flora
of Turkey (Renz and Taubenheim, 1984).

The charisma of orchids and their biology have attracted
botanists and general public as many varieties and hybrids
are widely cultivated; this passion has inspired intrepid
collecting expeditions and spawned hundreds of orchid
societies and clubs around the world, spawning a global
cultivation industry worth nine-billion dollars annually
(Ziegler, 2007; Cepel N. 1988). Ecology, morphology and
anatomy of several Turkish Orchid species have been
studied earlier (Durmuskahya, 2013; Durmuskahya et al.,
2014; Aybeke et al., 2010). Turkey has a rich biodiversity
and has got more than 170 taxa (Kreutz, 2009). In high of
the above, the aim of the present study was to investigate
new ecological, morphological and anatomical information
about another orchis taxa and to provide base knowledge
for further studies. This species is known as salep in
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Turkey likes many other members of Orchidaceae
(Baytop, 1997; Tuzlaci, 2006).

The aim of the present study is to describe the
morphological and anatomical structure and in addition to
investigate the epidermal cell and stomata of leaves of
Cephalanthera damasonium.

2. Materials and Method

C. damasonium was collected from Eskisehir: Saricakaya-
Hekimdag, below Quercus trees, 1000 m., 19.05.2018 and
stored in the Eskisehir Osmangazi University Herbarium
as a herbarium specimen (OUFE 12509). Determination of
the species was made according to the Davis (1978 &
1988). Morphological descriptions are based on living
plants and herbarium specimens.

Anatomical investigations were applied on the leaves of
samples fixed in 70% alcohol. The transverse sections
discarded from mid-vessels of leaves were stained with
safranin and upper and lower surface layers were
investigated in the media with 20% gliserin (Vardar,
1987). The well-staining sections were photographed on
Leica DFC 295 color camera type, Leica DM 2500 light
microscope. In this study, total 5 plant samples were
collected for anatomical studies.

The surface layer of soil was removed and soil samples
taken from 0-5 and 5-15 cm depth were analysed. The
samples were air dried, ground, passed through a 2 mm
sieve and subjected to physico-chemical analysis. Total
soluble salts, pH, calcium carbonate content and texture
were determined by the methods outlined in detail by
Ozturk et al. (1997).

3. Results

Plant 15-45 cm. Basal leaves usually broadly lanceolate
and unspotted. Spike ovoid to conical, withnflowers
opening from top downwards. Flowers whitish pink, with
an upswept hood; lip conspicuous and in shape of a man
with body.

Fig. 1 C. damasonium (Mill.) Druce habitat view.

C. damasonium (Mill.) Druce is labellum 15-20 mm,
centre whitish-rose, deeply segmented near base into linear
lateral lobes, middle lobe ligulate, divided into 2 linear
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lobules; all lobules darker purple towards apex. Spur
cylindrical. Fl. 4-5. Grassy hillsides, Scrub, on calcerous
soils, Quercus scrub, 900-1000 m. (P.H. Davis, 1978) (Fig
1).

Cross section of root showed single layered epidermal
cells. The cell length was longer than width (30-60 x 45-
100 pum). Cortex consisted of 7-12  layered
parenchymatous cells. The shape of cortex cells ranged
from oval to globular. These cells were 60-100 pm in
diameter and their walls were thin. Parancymatic cells
located far from center were smaller than the ones close to
center (Fig. 1A). Similar results have been earlier reported
by several authors in members of Orchidaceae family
(Aykebe et al., 2010; Altundag et al., 2012; Durmuskahya
et al., 2014). Endodermal cells (35-50 x 45-100 um) with
thickened wall were seen. Pericycle was single-layered and
located under endodermis. (Fig. 2, Tab. 1).

Fig. 2 Root transverse section of C. damasonium . e epidermis,
ex exodermis, pc parenchymatic cells, en endodermis, ph
phloem, xy xylem, pi pith (Bar 100 um)

Width (um) Length (um)
Min. Max. Min. Max.
Root
Epidermis 15 25 25 60
Cortex 40 120 70 105
parenchyma
Endodermis 10 35 20 60

Table 1 Root anatomy measurement of C. damasonium
(Figure 2)

The anatomical section of stem showed thick cuticle layer.
Under this layer there was a single layered epidermis.
Epidermal cells were square or rectangular shaped, 35-150
x 30- 50 um. 8-16 layers of cortex cells were found under
epidermis with 20-30 um diameter. Few collenchyma cells
with thick and lignified cell walls were found in cortex
layer. 10-24 layered collenchyma cells gave durability to
the stem. (Fig. 3). Vascular bundles were collateral and
located in one ring. The bundle sheath consisted of
sclerenchymatic cells, at the phloem pole of vascular
bundles. Pith had many lacunas in the centre of stem due
to the breakup of pith into pieces (Fig. 3, Tab. 2).
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Fig. 3 Stem transverse section of C. damasonium (Mill.) Druce,
cu cuticle, e epidermis, pc parenchymatic cells, th trachea, pi pith
(Bar 100 um)

Table 2 Stem anatomy measurement of C. damasonium (Mill.)
Druce . (Figure 3)

Width (um) Length (um)
Min. Max. Min. Max.
Stem
Epidermis 20 40 30 50
Cortex 30 60 50 110
parenchyma
Trachea 125 240 200 350
(diameter)

In leaves, adaxial epidermis consisted of a single layer of
rectangular cells 25-80 x 30-60 um with smooth cuticle.
Abaxial epidermis was 55-80 x 35-50 pm. Adaxial
epidermis cells were bigger than abaxial epidermis cells
and adaxial cuticle thicker than adaxial. These features
were observed in O. laxiflora Lam and O. purpurea
Hudson by Aybeke et al. (2010). But Sevgi et al. (2012)
observed that these species had thicker cuticle on abaxial
side and they had similar thickness on both adaxial and
abaxial surface. Mesophyll layer was homogenous,

without any differentiation in to palisade and sponge
parenchyma tissues (Fig. 4, Tab. 3).

Fig. 4 Leaf transverse section of C. damasonium (Mill.) Druce, ¢
cuticle, ue upper epidermis, p parenchyma, ph phloem, xy xylem,
le lower epidermis (Bar 100 pm)
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Table 3 Leaf anatomy measurement of C. damasonium (Figure
4)

Width(um) Length (um)
Min. Max. Min. Max.
Leaves
Adaxial 5 10 10 15
epidermis
Mesophyll cells 15 20 30 50
Abaxial 5 15 5 20
epidermis
Trachea 40 70 45 90
(diameter)

Leaves surface of investigated species was glabrous like
many other orchid species. In leaves, adaxial epidermis
consisted of a single layer of rectangular cells 50-110 x
80-85 pm with smooth cuticle. Abaxial epidermis was 45-
100 x 55-155 pm. Adaxial epidermis cells were bigger
than abaxial epidermis cells and adaxial cuticle thicker
than adaxial. (Fig. 5, Tab. 4).

Fig. 5 Leaf epidermal peeling of C. damasonium (Mill.) Druce,
ue upper epidermis, le lower epidermis, st stomata (Bar 100 pm)

Table 4 Leaf anatomy measurement of C. damasonium (Figure
5)

Width(pm) Length(pm)

Min. Max. Min. Max.
Leaves
Adaxial 20 50 60 150
epidermis
Abaxial 30 60 30 60
epidermis
4. Discussion

In this study C. damasonium (Mill.) Druce was
investigated ecology, morphologically and anatomically.
Morphological drawings of flower, lateral sepal, dorsal
sepal, petal, lip, anther cap and column were made. The
results obtained from morphological studies were
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generally consistent with the description given in the Flora
of Turkey (Davis 1978 & 1988). As a whole this study
increase the knowledge of the morphology and anatomy in
Orchis reporting data about the C.damasonium (Mill.)
Druce.

5. Conclusion

Cross section of root showed single layered epidermal
cells. The cell length was longer than width (15-25 x 25-
60 um). Cortex consisted of 10-16 layered
parenchymatous cells. The shape of cortex cells ranged
from oval to globular. Parancymatic cells located far from
center were smaller than the ones close to center (Fig. 2).
Endodermal cells (10-35 x 20-60 um) with thickened wall
were seen clearly. Pericycle was single-layered and located
under endodermis. (Fig. 2). The anatomical section of
stem showed thick cuticle layer. Under this layer there was
a single layered epidermis. Epidermal cells were square or
rectangular shaped, 20-40 x 30- 50 um. 20-30 layers of
cortex cells were found under epidermis with 40-80 pm
diameter. Few collenchyma cells with thick and lignified
cell walls were found in cortex layer. Vascular bundles
were collateral and located in one ring. The bundle sheath
consisted of sclerenchymatic cells, at the phloem pole of
vascular bundles. Pith had many lacunas in the centre of
stem due to the breakup of pith into pieces (Fig. 3).

Leaves surface of investigated species was glabrous like
many other orchidaceae species. In leaves, adaxial
epidermis consisted of a single layer of rectangular cells
(5-10 x 10-15 pm) with smooth cuticle. Abaxial epidermis
was 5-15 x 5-20 um. Adaxial epidermis cells were bigger
than abaxial epidermis cells and adaxial cuticle thicker
than adaxial. Mesophyll layer was homogenous, without
any differentiation in to palisade and sponge parenchyma
tissues (Fig. 4).
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TiI/RuO: karisik metaloksit elektrot kullanilarak elektrokimyasal oksidasyon ile
boyarmadde giderimine NaCl destek elektrolitinin etkisi ve toksik etkilerin
degerlendirilmesi
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Ozet: Endiistriyel kirlenmede énemli bir paya sahip olan tekstil endiistrisi yalmz gelismis iilkelerde degil gelismekte olan iilkelerde de
ekonomik agidan 6nemli rol almaktadir. Sanayi su ihtiyacinin 6nemli bir kismu tekstil endiistrisinden kaynaklanmaktadir. Bunun la birlikte
tekstil atiksular geleneksel aritma yontemleri ile giderimi gii¢ zehirli kimyasal bilesikleri igermektedir. Ayrica renkli boyahane atiksular
alic1 ortamda organik kirliligin yani sira giines 15181 gecirimini engellemesi sebebi ile canli yasamini da engellemektedir. Tekstil

atiksularinin aritilarak proses suyu olarak kullanilmasi gerek akademik gerekse de sektor bazinda biiytik ilgi ¢ekmektedir.

Bu ¢alismada Ti/RuO2 karisik metaloksit elektrot ile Reaktif Orange 16 (RO16) boyarmaddesinin elektrokimyasal oksidasyon yontemi ile
renk giderimine NaCl destek elektrolitinin katkisi aragtirilmis ve analiz sonuglarinda toksik etkiler degerlendirilmistir. NaCl destek
elektroliti ile yapilan optimizasyon calismalarinda akim yogunlugu, akis hizi, pH, baslangic kirlilik derisimleri gibi parametreler
calisgtimistir. Elde edilen optimum kosullar farkli kirlilik derisimlerine uygulanmis, renk ve toksisite degerlendirilerek ¢alisma
sonlandirilmastir.

Bagslangig kirlilik derigsiminin 30 mg/L oldugu model ¢aligma ¢6zeltisinin NaCl elektroliti ile elektrokimyasal oksidasyonunda 50 A/m
akim yogunlugu, 155,84 mL/dk akis hizi, pHo (6,12) ve 0,06 M elektrolit varliginda 25 dk’lik bir aritim siiresi sonunda ~%100 renk
giderimi ve 0,8008 kwh/m? enerji tiiketimi elde edilmistir. Baslangic kirlilik derisiminin 125 mg/L oldugu model ¢alisma ¢ozeltisinin NaCl
elektroliti ile elektrokimyasal oksidasyonunda 50 A/m? akim yogunlugu, 155,84 mL/dk akis hiz1, pHo (6,03) ve 0,06 M elektrolit varliginda
40 dk’Iik bir artim siiresi sonunda ~%100 renk giderimi ve 0,9240 kwh/m? enerji tiiketimi elde edilmistir. Elde edilen optimum kosullarda
baslangig kirlilik derigiminin 125 mg/L oldugu deneysel ¢caligmada %80 toksisite giderimi elde edilmistir.

2

Anahtar Kelimeler: Elektrokimyasal oksidasyon, boyarmadde, destek elektrolit, Ti/RuO2 elektrot, toksisite

Effect of NaCl support electrolyte on dyestuff removal with electrochemical oxidation method using
Ti/RuO2 mixed metalloxide electrode and investigation of toxic effects

Abstract: Textile industry, which has an important share in industrial pollution, plays an important role economically not only in developed
countries but also in developing countries. A significant part of the industry water need arises from the textile industry. However, textile
wastewater contains toxic chemical compounds that are difficult to remove by traditional treatment methods. In addition, colored dyehouse
wastewater prevents organic living as well as organic pollution in the receiving environment, as it prevents the transmission of sunlight.
The treatment of textile wastewater and its use as process water attracts great interest both academically and industry.

In this study, the contribution of NaCl support electrolyte to the color removal with the electrochemical oxidation method of Reactive
Orange 16 (RO16) dyestuff by Ti/RuO2 mixed metaloxide coated electrode was investigated and toxic effects were evaluated in the analysis
results. In optimization studies with NaCl support electrolyte, parameters such as current density, flow rate, pH and initial pollution
concentrations were studied. The study was terminated by applying the optimum conditions obtained to different pollution concentrations,
evaluating the color and toxicity.

In the presence of 50 A/m? current density, 155.84 mL/min flow rate, pHo and 0.06 M NaCl electrolyte in the electrochemical oxidation of
the model working solution with the initial pollution concentration of 30 mg/L after a 25 minute treatment period, ~100% color and 0,8008
kwh/m? energy consumption was obtained. In the presence of 50 A/m? current density, 155.84 mL/min flow rate, pHo and 0.06 M NaCl
electrolyte in the electrochemical oxidation of the model working solution with the initial pollution concentration of 125 mg/L after a 40
minute treatment period, ~100% color and 0,9240 kwh/m?® energy consumption was obtained. In the experimental study where the initial
pollution concentration was 125 mg/L in the optimum conditions obtained, 80% toxicity removal was obtained.

Keywords: Electrochemical oxidation, dyestuff, support electrolyte, Ti/RuO: electrode, toxicity
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1. Giris

Artan niifus ve gelisen teknoloji ile her gegen giin yeni
endiistri dallar1 ortaya ¢ikmis ve mevcut endiistri dallar1 da
kapasitelerini  arttrmustir.  Bu  durum mevecut dogal
kaynaklarin en bagta da suyun kullaniminda artiga neden
olmustur. Endiistriyel kirlenmede 6nemli paya sahip olan
kaynaklarindan birisi de tekstildir. Tekstil endiistrisi yalniz
gelismis iilkelerde degil gelismekte olan iilkelerde de
ekonomik agidan 6nemli rol almaktadir.

Sanayi su ihtiyacinin dnemli bir kismi tekstil endiistrisinden
kaynaklanmaktadir. Bununla birlikte tekstil atiksulari
geleneksel aritma yontemleri ile giderimi gilic zehirli
kimyasal bilesikleri icermektedir. Ayrica renkli boyahane
atiksulari alic1 ortamda organik kirliligin yansira giines 15131
gecirimini engellemesi sebebi ile canli yasamini da
engellemektedir. Tekstil atiksularin aritilarak proses suyu
olarak kullanilmasi gerek akademik gerekse de sektor
bazinda biiyiik ilgi gekmektedir.

Adsorpsiyon, kimyasal ve biyolojik aritma gibi geleneksel
yontemlerin  avantajlart  yaninda aritim ve  enerji
verimliliklerinin yetersiz olmasi ve su geri kazaniminda tek
baslarina kullanilamamalar1 bilim diinyasini yeni aritma
teknolojilerinin arastirilmasina yoneltmektedir. Geleneksel
aritma tekniklerinin basinda gelen biyolojik aritma ve
adsorbsiyon  siireglerinin  neticesinde olusan aritma
camurlarinin tehlikeli atik sinifinda yer almasi ve bertarafi
icin ilave islemler gerektirmesi diger bir O6nemli
dezavantajdir (Kaygusuz 2013).

Biyolojik artma sistemleri avantajli gibi goziikse de bununla
birlikte prosesi etkileyecek olan tekstil atiksuyu igerisindeki
zor ayrigabilir ya da toksik bilesikler prosesi kismen ya da
tamamen bozabilmektedir. Bununla birlikte artan g¢evre
bilinci ve sikilagtirllan yasal diizenlemeler tekstil
atiksularmin arttimi icin ileri oksidasyon siireclerinin (I0S)
kullanilmasini  6n plana ¢ikarmaktadir. 1OS kirletici
bilesiklerin karbondioksit ve su gibi zararsiz inorganik
bilesiklere kadar par¢alanmasini saglamaktadir. Ayrica
stireg toksik ve biyolojik olarak ayrisamayan bilesikleri
ayrigabilir ve daha zararsiz kirletici  formlarina
doniistiirmektedir. {0S fotokimyasal oksidasyon (UV-Os,
UV/H,0,, TiO/UV, photo-Fenton) ve elektrokimyasal
oksidasyon (EKO) gibi aritim tekniklerinden olusmaktadir.
Bu siireglerin tamaminda yiiksek oksitleme kapasitesine
sahip hidroksil (OHe), klor, siiperoksit gibi radikaller
iiretilir. Reaksiyon siirecinde olugan bu oksidantlar kirletici
bilesikleri bertaraf ederler (Tran ve ark. 2009, Canizares ve
ark. 2009).

Elektrokimyasal oksidasyon yonteminin (EKO) enerji
verimliligi, otomasyon imkani ve aritim neticesinde gamur
olusmamasi son yillarda 6zellikle tekstil endiistrisinde ilgi
gormektedir. EKO siiregleri aritim i¢in herhangi bir ilave
kimyasal madde ihtiyact duymamaktadir ve bu nedenle de
ikincil bir atik iiriin olusturmamaktadir. Béylece ikincil bir
cevre kirliliginin 6niine gecilmesi ve etkin bir atiksu aritimi
da miimkiin olmaktadir. Bu aritma sisteminde elektrolit
icerisinde bulunan mevcut oksijen kirletici bilesiklere
aktarilir. Tepkimeler dogrudan anodik yiikseltgeme ve
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dolayl redoks tepkimelerinden olusur (Rajeshwar ve ark.
1995, Fernandes ve ark. 2004).

Deney sistemine elektrolit eklenmesinin amaci sistemin
iletkenligini artirarak sistemden daha fazla akimin
gecmesini saglamak ve kullanilan elektrolite bagli olarak
dolayli yiikseltgenmeyi desteklemektir. Elektrokimyasal
par¢alanmay1 dolayisiyla da KOI giderimini etkiledigi i¢in
elektrolit miktar1 sistemi etkileyen parametrelerden biridir
(Ugurlu 2004). Sisteme gesitli elektrolitler (siilfat, hidrojen
peroksit ve demir iyonu gibi) eklenebilir. iletken olmayan
kimyasallarin elektrokimyasal olarak pargalanmasi igin
ortama iletkenligi saglayan tuzlar eklenmesi gerekmektedir
(Ozdemir 2005).

Elektrolit olarak NaCl kullanilmasi sonucunda; sodyum
kloriir suda ¢oziildiigiinde, iyonlara ayrilir. Metal elektrotlar
kullanilarak, yalin bir pilde (anot, katot ve elektrolit diizeni)
tuzlu su elektroliz edilirse, klor (CI") iyonlar1 anotta toplanir
ve elektronlarini yitirerek, klor gazina doniisiirler. Klor
gazi, c¢oOzlcilerin, agarticilarin ve bazi plastiklerin
yapiminda kullanilan degerli bir hammaddedir. Buna
karsilik katottaki elektrik akimlari, Na* (Sodyum)
iyonlarinin yiiklerini bosaltamaz; ¢linkii su molekiillerinin
elektron ¢ekme giicii, sodyum iyonununkinden biyiiktiir.
Su molekiilii (H20) bir elektron alip boliinerek, hidrojen (H)
atomlar1 olusturur. Bunlar da ¢ozeltide hidroksil (OHe)
anyonlarimi yalniz birakarak H, gazini olustururlar. Giderek
¢ozeltide, sodyum hidroksit ya da kostik soda (NaOH)
yogunlugu yiikselir (Kaygusuz 2013).

Genel olarak kullanilan NaCl elektrolitinin varliginda katot
ve anotta gerceklesen temel elektrolit reaksiyonlart asagida
gosterilmisgtir.

Katot:

2H,0 + 2" — Hyg) + 20H- €°=-0.8277V (1)
Anot:

2ClI" — Clyg) + 2e
Toplam:

2H,0 + 2CI" — Hy(g) + Clpgt20He ¢°=-2.1872V

e°=-13505V  (2)

©)

Esitlik 1 ve 2°deki tepkimeler katot ve anotta gerceklesen
temel elektrolit tepkimelerdir. Katotta Oncelikle su
molekiilleri indirgenir, su molekiillerinin elektron alma
egilimlerinin daha yiiksek olmasi nedeniyle sodyum iyonu
¢ozeltide herhangi bir degisime ugramaz ve Esitlik 4’teki
tepkime gerceklesir;

2H,0 + 2(NaCl) — Hpg) + Clyg+2(NaOH) 4

Elektrokimyasal yiikseltgeme sistemine klor iyonu ilavesi
yapildiginda ise genellikle daha yiiksek klor/hipoklorit
iiretimi sayesinde sistemin verimi artsa da ¢ikista klorlu
organik madde olusumu tehlikelere neden olabilmektedir
(Deng ve Englehardt 2006). Naumczyk ve ark. (1996),
yiiksek derisimde CI™ igeren tekstil atiksuyunun elektro
yiikseltgenmesi esnasinda yiliksek derisimlerde klorlu
organiklerin varligini tespit etmislerdir. Chiang ve ark.
(1995), da koka bitkisi atiksuyunun elektrolizi sirasinda
biiyiik miktarda klorlu yan {iriiniin olustugunu bildirmistir.
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Parametre Deger
Baslangg Kirlilik 20 - 30- 125 mg/L
Derisimi

Ti /RuO,
Elektrot
AKkis hizlar1 (mL/dk) 155,84/ 175,7/ 234,2/ 324,3
Akim Yogunlugu 1,6/5/8/10/15/20/25/30/40/50
(A/mz) /75/100/150/200/300
pH pHo/pH3/pH11
Elektrolitler NaCl
Aritim Siiresi 1-40 dk
Analiz Parametreleri Renk, Toksisite, Enerji

Tuketimi

Bu nedenle yapilan ¢alisma ile toksik etkiler degerlendirilmistir.

2. Materyal ve Metod

Bu c¢aligmada Reaktif Orange 16 (RO16) boyar maddesi
kullanilarak model calisma ¢ozeltisi hazirlanmistir. Asagida
kullanilan boyar maddenin 6zellikleri ve kimyasal yapisi
gosterilmektedir.

H\
HO

,N QQ
NaOasoHQCHchES@N
NaOs$

Sekil 1. RO16 boyarmaddesinin kimyasal yapisi

Tablo 1. Kullanilan boyarmaddenin 6zellikleri

Molekiiler Formiil Co0H17N3Na,011S3

Molekiil agirhig (g/mol) 617,54

Kompozisyon Boya igerigi, >70%

(1.) Amax 388 nm
(2.) Amax 494 nm

Absorpsiyon

Caligmamizda elektrokimyasal aritim islemi, Ti/RuO>
elektrotlar  kullanilarak  gergeklestirilmis,  sistemin
verimliligi ve silirdiiriilebilirligi  aragtirilmistir.  Akim
yogunlugu, akis hizlari, pH, baslangi¢ kirlilik derigimleri
gibi parametrelerin optimizasyonu yapilarak renk ve
toksisite  giderimine  NaCl  elektrolitinin  katkisi
degerlendirilmistir.
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Incelenen parametreler Tablo 2°de gosterilmektedir.

Tablo 2. Model ¢alisma ¢ozeltisinin optimizasyonunda kullanilan
parametreler

»  Elektrot boyutlar1 12,5cmx5¢cmx0,2 cm’dir. Elektrotlar
aras1 mesafe 4 mm’dir.

*  Calisma ¢ozeltisinin iletkenligi 20(£5) ps/cm ve pH’1

6-7 araliginda degisiklik gostermektedir.

Model galisma ¢ozeltilerini hazirlamak igin deiyonize

su, ters 0zmos ve iyon degisimini birlestiren ultra saf su

hazirlama {initesi kullanilmigtir.

1000 mg/L’lik stok ¢o6zelti hazirlanarak, 500 mL
hacimdeki standart c¢alisma ¢ozeltisi ile deneyler
yiiriitilmiistiir. UV araliklarinda 6zel spektroskopik
calismalar igin UV/vis. spektrofotometrik cihazlar
kullanilarak analizler yapilmig 10 mm 1s1in yollu kuvars
kiivetler kullanilmistir. Renk giderimine bakilmstir.

+ lletkenlik ve pH iletken dlger ve pH metre cihazi
kullanilarak 6l¢tilmiistiir.

*  Toksisite degerleri mikrotoksisite (Azur Environmental)
cihazi ile analiz edilmistir.

Multimetre

Elektrot baglantilart

o= ® e
i 0 LN
"

TyRu0; elektrot

Giig kaynags

pH mefre

Model galisma ozeltisi

ad

Manyetik bar
- ~~
Peristaltik Pompa  Elekirokimyasal Reaktor

6

] 0

MANYETIK KARISTIRICT

Sekil 2. Deneyler igin kullanilan reaktor diizenegi
3. Bulgular ve Tartiyma

Bagslangig kirlilik derisimi 30 mg/L olan c¢alisma ¢ozeltisi
ile optimizasyon c¢aligmalar1 yiiriitilmiis ve elde edilen
optimum kosullar 20 ve 125 mg/L’lik kirlilik derisimlerine
uygulanarak aritim verimleri elde edilmistir.

3.1. Akim yogunlugunun etkisi

Baslangi¢ kirlilik derisiminin 30 mg/L oldugu model
calisma ¢ozeltisi ile kesikli geri dongiilii bir paralel plaka
reaktorde elektrokimyasal oksidasyon yontemi ile
caligsmalar yiiriitilmiistiir. Akim yogunlugu degerleri olarak
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2,5/5/8/10/15/20/25/30/40/50/75/100/150/200/300  A/m?
secilmig ve optimizasyon ¢aligmalart yapilmistir.
35
2,5 A/m2
30 =5 A/m2
=8 A/m2
%25 | 10 Alm2
g %— 15 A/m2
‘20 1=o—20 A/m2
% 25 Alm2
A15 | 30 A/m2
[}
% | 40 A/m2
£10 50 A/m2
S = 75 AIm2
@5 == 100 A/m2
9 150 A/m2
0 20 40 60  gg 0Am
siire (dk) =300 A/m2

Sekil 3. Ti/RuO: elektrotlarla elde edilen aritim verimleri (Co=30
mg/L, Q=155,84 mL/dk, D.E.=0,01 M NaCl, pHo= 5,13-6,51)

Yapilan ¢alismada en iyi aritim verimine 300 A/m? akim
yogunlugunda 20 dk gibi kisa bir siirede ulagiimistir. Akim
yogunlugunu arttirmak sistem igerisindeki aktif klor
bilesiklerinin  artmasmna  O6nemli  miktarda  Kkatki
saglamaktadir. Aritim verimleri daha yiiksek akim
yogunluklari ile daha yiiksek elektrokimyasal kapasite ve
muhtemelen yiikseltgenmis oksidanlarin (6rnegin, Kkloriir-
oksikloriir radikalleri) olusumuna baglidir (Chiang ve ark.
1995, Deng ve Englehardt 2007). Ancak, elektrik
sarfiyatlart goz oniine alindiginda NaCl elektroliti i¢in biraz
daha destek elektrolitle aritim verimlerinin artacagi goz
oniine alindiginda sonraki deneyler i¢in 50 A/m? akim
yogunlugunda calisilmaya karar verilmistir.

3.2. Elektrolit miktarinin etkisi

0,01/0,02/0,03/0,04/0,05/0,06/0,07/0,08/0,1 mol/L (M)
NaCl, pHo’da optimizasyon ¢aligmalar: yiirtitilmiistiir.

——0,03M
—e—0,06 M
0,1M

——0,0
—%=0,0
0,0

NN
o o

Boyarmadde Derigimi (mg/L)
[N
(2]

10
5
0 %
0 20 40 60 80
stire (dk)

Sekil 4. Ti/RuO: elektrotlarla elde edilen aritim verimleri (Co=30
mg/L, 1=50 A/m?, Q=155,84 mL/dk, pHo= 6-6,28)
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50 A/m? akim yogunlugunda, baslangig kirlilik derisiminin
30 mg/L oldugu durumda 0,06 M NaCl elektrolit varliginda,
dogal pHop’da 25. dakika da rengin tamami giderilmistir.
NaCl igeren c¢ozeltilerde, anot yiizeyi {iizerinde klor,
hipoklorik asit veya hipoklorit iyonu gibi aktif kloro-tiirler
iiretilebilir ve sonug olarak organik maddeler oksitlenebilir
(De Paiva Barreto ve ark. 2014, Rajkumar ve ark. 2005,
Ramalho ve ark. 2010). Elektrolit miktarini arttirmak aritim
verimlerini arttirmaktadir. Yalniz, sistem igerisindeki fazla
miktarda klor klorlu organik bilesiklerin olusumuna da
katki sagladigindan dolay1 optimum miktar1 belirlemek ¢ok
onemlidir.

3.3. Akis hizinin etkisi
155,84, 175,7, 234,2 ve 324,3 mL/dk’lik debiler ¢aligilmustir.

335 ——155,84 mL/dk 175,7 mL/dK
E30 %  —A—234,2mL/dk 324,3 mL/dK
£25 )
% |
520 1 %
%15 | ‘»\
=}
?élo - \
55 RN
R 0 \’\; — =
0 10 20 30 40
siire (dk)

Sekil 5. Ti/RuOz elektrotlarla elde edilen aritim verimleri (Co=30
mg/L, 1=50 A/m?, D.E.=0,06 M NaCl, pHo= 6-6,27)

En iyi aritim verimlerine 155,84 mL/dk akis hizinda
ulasilmigtir.  Akis hizmi  arttirmak aritim  verimlerini
etkilememistir. Akis hizin1 arttirmak c¢alisma ¢ozeltisinin
elektrotlarla olan temasin azalttigindan dolayr aritim
verimlerini arttirmamigtir sonucuna varilabilir.

3.4. pH’n etkisi
235
gD
g 30

—o—pHO

pH3 —&—pH11

5
0 T — —h
0 10 20 30 40

50

siire (dk)

Sekil 6. Ti/RuO: elektrotlarla elde edilen aritim verimleri (Co=30
mg/L, 1=50 A/m?, Q=155,84 mL/dk, D.E.=0,06 M NaCl
derisimlerinde, pHo (6,12), pHs ve pHu1)

En iyi aritim verimlerine dogal pH’ta ulasilmistir. pH aritim
verimlerini etkileyen bir faktér olmamistir. Ancak,
¢ozeltide, hipokloritten daha yiiksek oksidasyon
potansiyeline sahip olan hipoklorik asit diisiik pH’larda
bulunur (Parsa ve ark. 2007). Bu nedenle, asidik kosullarda
aritim siireleri kisalarak enerji tiiketimlerine katkida



E Deliktag and Y Yavuz

bulunmustur. Aynit zamanda pH ayarlamasi yapilmayarak
ek kimyasal kullanimina gerek kalmanmug ve sistem daha
uygun maliyetli hale gelmistir.

3.5. Baglangig kirlilik derigiminin etkisi

3140
= C0:20 mgL C0:30 mgL]
£120 ——C0:125 mgL

E

Boyarmadde Derisi

40 50

2(gi'ure (dk:)30

Sekil 7. Ti/RuO: elektrotlarla elde edilen aritim verimleri (I=50
A/m?, Q=155,84 mL/dk, D.E.=0,06 M NaCl, pHo=6-6,20)

Her ig¢ baslangi¢ kirlilik derisimi igin de rengin tamami
giderilmigtir. 125 mg/L baslangic kirlilik derisimine sahip
calisma ¢6zeltisinin optimum kosullarda aritim1 40 dk gibi
nispeten kisa siirelerde gerceklesmigtir. Sistem yiiksek
konsantrasyonlarda kirlilige sahip g¢aligma c¢dzeltilerinin
aritiminda etkindir sonucuna varilabilir.

3.6. Toksisite

Baslangi¢ kirlilik derisiminin 30 mg/L oldugu c¢alisma
cozeltisi toksik etki gostermediginden dolay1 baslangig
kirlilik derisiminin 125 mg/L oldugu calisma ¢dzeltisi ile
optimum kosullarda elde edilen numunelerin toksisite
degerlendirmesi yapilmistir

Caligmada toksisite degerleri relatif toksisite indeksi (RTI)
olarak verilmistir (Yavuz ve ark. 2006, Yavuz ve ark. 2011).

RT] = ECS50%% L}E‘:D:l (5)
EC50% (t=t)
Burada; ECso % (t = 0) ve ECsp % (t = t) 5. dakika ve 15.
dakika numunelerin 0 ve t zamanlarindaki mikrotoks
toksisite degerlerini gostermektedir.
Analizler sonucunda ECsp < 25= son derece toksik; 25-50=
orta derecede toksik; 51-75= toksik; >75 hafif toksik ve
>100= toksik degil sonucunu vermektedir (Yavuz ve ark.
2006, Pandey ve ark. 2003).

2
t5 t15
1,5
£l
0,5
0
0 5 10. ( dk)ls 20 25
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Sekil 8. Ti/RuO: elektrotlarla NaCl kullanilan deneylerde
toksisitenin zamanla degisimi (Co=125 mg/L)

Toksisite sonuglar1 incelendiginde baglangig kirlilik
derisiminin 125 mg/L oldugu calisma ¢dzeltisi ile yapilan
testlerde optimizasyon ¢aligmalari sonucunda %80’lik bir
toksisite giderimi elde edilmistir.

3.7. Enerji Tiiketimi

Tablo 3. Kiimiilatif enerji tiiketim degerleri

Kiimiilatif Enerji Tiiketimi (kwh/m®)

siire (dk)
Co: 30 mg/L Co: 125 mg/L

0 0 0

1 0,0890 0,0924
2 0,1780 0,1848
3 0,2669 0,2772
4 0,3559 0,3696
5 0,4449 0,4620
10 0,5339 0,5544
15 0,6229 0,6468
20 0,7118 0,7392
30 0,8008 0,8316
40 0,8898 0,9240

I: 50 A/m?, Q: 155,84 mL/dk, D.E.:0,06 M NaCl, pHo (6,12-
6,03)

[y

o
[e:)

o
o

Kiimiilatif Enerji Tiiketimi (kwh/m®)
o
~

0,2
0 Co: 30 mg/L Co: 125 mg/Ll
0 10 20 30 40 50
siire (dk)

Sekil 9. Ti/RuO: elektrotlarla, NaCl elektroliti ile optimum
kosullarda kiimiilatif enerji tiiketimi

Ulkemiz igin tek terimli tek zamanli ticarethane (Orta
Gerilim) i¢in kwh basma elektrik birim fiyatt 0,896979
TL/kwh+KDV (£10krs.)’dir (http-2). Buna gore NaCl
elektrolitinin kullanildigr optimum kosullarda 30 mg/L
basglangi¢ kirlilik derisimi i¢in 40 dk’lik aritim siiresi
sonunda 0,8 TL/m?, ve optimum kosullarda 125 mg/L
baslangi¢ kirlilik derisimi i¢cin 40 dk’lik aritim siiresi
sonunda 0,83 TL/m?® enerji tiiketim maliyetleri olusmustur.
Grafikten de anlagilacagi lizere enerji tiiketim degerleri ve
enerji  maliyetleri  degerlendirildiginde ¢ok biyiik
farkliliklar gostermemistir.

4. Sonug

NaCl destek elektrolitinin aritim verimlerine olan
katkilarmimn miktar ve igerik olarak degerlendirildigi
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optimizasyon c¢alismalarinda NaCl elektroliti hem renk hem
de toksisite giderimi agisindan yiiksek aritim verimleri elde
etmemizi saglamistir. Baglangi¢ kirlilik derigiminin 30
mg/L oldugu durumda 20 dk’lik aritim siiresi sonunda
~%100 renk giderimi elde edilmistir. Baslangic kirlilik
derisiminin 125 mg/L oldugu durumda 40 dk’lik aritim
sliresi sonunda ~%100 renk giderimi elde edilmistir. Relatif
toksisite indeksi olarak degerlendirilen toksik etkilere gore
%80 oraninda toksisite giderimi elde edilmistir. Kiimiilatif
enerji tilketimleri de gozoniine alindiginda ¢ok diisiik
miktarlarda elektrik tiikketimi ve m® bagina cok diisiik enerji
maliyetleri s6z konusudur. Biitiin sonuglar degerlendirildiginde
sistemimiz yiiksek kirlilik derigimlerinde bile yiiksek artim
verimleri elde etmek ve toksik etkileri azaltma yoniinde verdigi
sonuglar ile olduk¢a basarilidir kanaatini vermistir.

Tesekkiir

Toksisite analizlerindeki katkilar1 nedeniyle Ogr.Gér.Dr.
Fadime Karaer Ozmen’e en igten tesekkiirlerimizi sunariz.
Bu calisma ESTU BAP Komisyonu 1708F474 no’lu proje
ile desteklenmistir.
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Abstract: In present study the ethanolic extracts of leaf and seed of Cassia occidentalis were investigated for their
phytochemical properties and anthelmintic activity against Haemonchus controtus at different concentrations (100, 150, 200
mg/ml). Alkaloids, flavonoids, saponins, tannins, phenols, steroids and carbohydrates are present in both leaf and seeds crude
extracts. The study is mainly concerned with the determination of time of paralysis and time of death of the worms. When there
was a gradual increase in the dose, a gradual increase in the anthelmintic activity was observed. The least time for the death and
paralysis was recorded at concentration of 50 mg/mL and maximum time for death and paralysis was recorded at 10mg/mL
concentration. The ethanolic extract of the leaf and seed showed a significant anthelmintic activity at highest concentration of 50
mg/ml. So the C. occidentalis plant can be used as anthelmintic drug for the treatment of gastrointestinal helminthic infections
after clinical trials, toxicological effects and isolation of chemical compounds.

Keywords: Phytochemicals, Anthelmintic activity, Medicinal plants
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Phytochemicals are natural bioactive compounds
present in different parts (flowers, leaves and shoots)
of plant which act as defense system to protect from
diseases. Some of the important bioactive phytochemical
constituents include flavonoids, tannins, terpenoids,

1. Introduction

Medicinal plants have significant importance because
they produce a variety of chemical constituents with
valuable selectivity (Uddin et al., 2012). According to
the World Health Organization, the 80% population of

the world are unable to afford the synthetic drugs
(WHO, 1993). There is a different variety of
medicinal plants in Pakistan that have therapeutic
value.

Traditional people depends upon the herbal medicine
to cure diseases because that are less harmful and
have no side effects. Hence they serve as one of the
most efficient source for a healthy life because they
contain many components that have great therapeutic
potential (Ajaib et al., 2011).

saponins and phenolic compounds (Krishnaiah et al.,
2009).

Helminthiasis is the animal diseases which results in
production losses whereas the helminths is the most
common infectious human’s disease in the developing
countries of the world which produce different diseases
like eosinophilia, and pneumonia (Dhar et al., 1982).
This disease is extremely widespread  due to poor
managing practices (Ajaib et al., 2018). People depend
upon the herbal medicine to treat this disease because
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they are more effective and less toxic than the synthetic
medicine available in the market are not effective (Ajaib
et al., 2019).

Cassia occidentalis is commonly known in

Ghana as ‘mmofraborodee’ and
‘Devidevikpelimumu’ in Ghana. It is a pantropical
plant that can grows about 5-8cm on roadsides and
futile places of the villages and towns. It comprises
the species of tree, herbs, shrubs and vines. It belongs
to the family leguminaceae and botanically classified as
both Cassia Occidentalis, and Senna occidentalis. The
plant has been used by the traditional healers all over
the world for treating different diseases (Mitsuyama et
al., 1987).

1. Material and Method
Plant Materials:

The different parts (leaf and seeds) of Cassia occidentalis
were collected from geographical regions of District
Bhimber Azad Jammu & Kashmir (AJK). The collected
parts of plants were dried and mounted on herbarium
sheets and deposited to the herbarium, Department of
Botany, MUST with correct identification.

2.1. Maceration of plant material

The leaf and seeds of Cassia occidentalis were cleaned
and air dried in shade. The dried parts were grinded to
coarse powder and then 250g of dried powder into
Methanol solvents through soxhlet extraction apparatus.
Then the obtained extracts were concentrated, dried
and stored in air tight container. The yield of extract as
calculated.

2.2. Phytochemical screening

The evaluation of qualitative phytochemical analysis of
leaf and seed extracts of Cassia Occidentalis were
performed  through  specific  methods. The
Phytochemicals were identify by using the procedure
described by Akinjogunla et al., (2011). Bello et al.,
(2011); Sofowara (1993); Trease and Evans (1989) and
Harborne (2001).

2.3. Anthelmintic Activity
2.3.1. Test Organism

For the investigation of anthelmintic activity of the leaf
and seed extract of Cassia Occidentalis, the worm
(Heamonchus contortus) were used which obtained from
the stomach of goat and then wash it with the 0.9%
solution of NaCl. The worms were store in solution of
0.9% NaCl for further examination.
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2.3.2. Anthelmintic activity screening

The anthelmintic activity leaf and seed extract of
Cassia  Occidentalis, were carried at different
concentrations (10, 20, and 50 mg/mL) by following the
method of Bhinge et al., (2015) with minor variations.
Before starting the procedure all the solutions were
freshly prepared. The albendazole (10 mg/ml) was used
as standard drug whereas saline water (0.9%) kept as a
control. The worms of almost equal size were dipped in
to 10mL of test solution and after four hours of test
period, the time was observed and recorded

3. Results and Discussion

Medicinal plants are the rich source of
phytochemicals constituents which have therapeutic
importance to cure different diseases. The qualitative
phytochemical screening of leaf and seed extracts of
cassia occidentalis were evaluated to identify the
alkaloids, flavonoids, saponnins, terpenoids, phenols,
tannins, steroids, carbohydrates and proteins.  The
results revealed that the strongly appearance of alkaloids
and flavonoids in both leaf and seed extracts whereas the
terpenoids, saponnins and steroids were absent in leaf
extract of plant (Table: 1).The results of the study
were similar to the work of Amari et al., (2014)
while evaluating the phytochemical screening of the
aerial parts of Thymelaea hirsuta L.

The Anthelmintic activity of leaf and seed extracts of
Cassia occidentalis was conducted at different
concentrations included (10, 20, 50mg/mL). The time
recorded for loss of motility and mortality in minutes.
The least time for the death and paralysis was recorded at
concentration of 50mg/mL and maximum time for death
and paralysis was recorded at 10mg/mL concentration. In
the methanolic leaf extract the minimum time for
paralysis and death ranged from 3.5 to 9.2 minutes at
50mg/mL whereas the maximum time were recorded at
10mg/mL, ranged from 15.2 to 27.5 minutes (Table. 2,
Fig. 1). The methanolic seed extract of C. occidentalis
showed that the least time were taken for the paralysis
and death of Heamonchus contortus at 10mg/mL ranged
from 2.0 to 10.2 minutes and maximum time ranged from
8.5 to 25.3 minutes at 10mg/mL. The results indicate that
the seed extracts were more effective for paralysis and
death of worms than the leaf extract. The result of the
study revealed that the anthelmintic activity is due to the
active chemical compound present in the leaf and seed
of plants. (Table. 2, Fig. 2). All the results obtained
from the anthelmintic activity of leaf and seed extracts of
C. occidentalis show close resemblance to the findings
of Krishnaiah et al., (2009) evaluating the anthelmintic
activity of the flowers of Sesbania grandiflora Pers
and Ajaib et al., (2020) during evaluation of
anthelmintic activity in Dyspania ambrusioides.
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Table 1: Phytochemical analysis of leaf and seed extract
of Cassia Occidentalis

Anthelmintic activity of leaf extract of C.

Phytochemicals | Extracts | Plant parts occidentalis H Albendazole
Leaf Seed 3 B Paralysis (minutes)
. B Death (minutes)
Alkaloids ++ ++ "
Carbohydrates + + a
£ 2
Flavonoids ++ ++ E
o’
Proteins + E 15
Phenol and Methanol | ++ + 3
tannins
Terpenoids R +
Steroids - +
Saponins - ++ 50 0 10
Concentrations mg/mL

Figure 1: Anthelmintic activities of leaf extract of C.
occidentalis

+ = present, ++ = strongly present, - = absent

Table 2: Anthelmintic activity of methanolic extract of
leaf and seed of C. occidentalis (Values are mean =+

S.E.M.)

Conc. | Paralysis Death
Extracts (mg/mL) | (minutes) (minutes)
NacCl

Non-toxic Non-toxic

50ml 1142 +0.4 | 1643 £0.3
Albendazole

20ml 10.00 £ 0.4 | 13.40+0.3

10ml 12.22+0.2 | 17.20+0.4

50ml 3.5+0.22 9.2+215
Leaf 20ml 83+15 25+2.12

10mi 152+225 | 275+25

50ml 20+£15 10.2+1.28

20ml 55+£1.25 | 20.1+2.07
Seed

10ml 85+1.65 | 25.3+2.78
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Anthelmintic activity of seed extract of C.

Time (mins)
n ) o ) o —3

N

occidentalis

0
Concentrations (mg/mL)

l Albendazol
B Paralysis (minutes)
B Death (minutes)

Figure 2: Anthelmintic activities of seeds extract of C.

occidentalis
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4. Conclusion

The use of leaf and seed of Cassia occidentalis as an
Anthelmintic activity have been confirmed that the both
parts of extracts displayed activity against the worms
used in the study. In the comparative study the ethanolic
extract of Cassia occidentalis shows more anthelmintic
activity than Albedazole. Further, in future it is necessary
to identify and isolate the possible active
phytoconstitutents responsible for the anthelmintic
activity and study its pharmacological actions.
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Ozet: Tilmikosin sadece veteriner hekimlik icin gelistirilmis makrolid grubu antibiyotiktir. Uriiniin kullanimu sig1r, koyun, domuz,
hindi ve tavuklarda onaylanmistir. Etkili oldugu mikroorganizmalarda protein sentezini engelleyerek bakteriostatik etki gosterir.
Bu hayvanlarda 6zellikle solunum sistemi enfeksiyonlarinin tedavisinde kullanilir. Makrolid grubu antibiyotiklerin yan etkileri
arasinda tanimlanan kardiyotoksisite ise tilmikosinde oldukca belirgindir. Etiket disi kullanimda veya kullanimi Onerilen
hayvanlarda deri alt1 dis1 uygulamalarda 6liime kadar gidebilen kardiyotoksisiteye neden olabilmektedir. Insanlar ise genellikle
tilmikosine kazara maruz kalirlar ve 6liimler gozlenebilmektedir. Veteriner ilaglar arasinda en fazla yan etki bildirilen ilaglardan
birisidir. Bu derlemede tilmikosinin insan ve hayvanlarda neden oldugu toksisitesi, mekanizmasi ve tedavi se¢enekleri hakkinda

bilgi verilmeye ¢alisilmistir.

Anahtar kelimeler: Tilmikosin, kardiyotoksisite, zehirlilik

Tilmicosin Toxication: Mini Review

Abstract: Tilmicosin is a macrolide group antibiotic developed only for veterinary medicine. The use of the product is approved in
cattle, sheep, pigs, turkeys and chickens. It shows bacteriostatic effect by inhibiting protein synthesis in microorganisms. They are
especially used in the treatment of respiratory system infections in these animals. Cardiotoxicity, which is defined among the side
effects of macrolide group antibiotics, is quite prominent in tilmicosin. It can cause cardiotoxicity and death, when non-subcutaneous
applications in recommended animals or extra-label use. Humans can often be accidentally exposed to tilmikosin, and deaths can be
observed. Tilmicosin is one of the most reported side effects among veterinary drugs. In this review, it could be tried to give information
about the toxicity, mechanism and treatment options of tilmicosin in humans and animals.

Keywords: Tilmicosin, cardiotoxicity, toxicity

1. Giris

Makrolid grubu antibiyotikler veteriner hekimlikte en fazla
kullanilan antibiyotiklerdendir. Hedef tiir hayvanlarda
solunum sistemi enfeksiyonlari, anerob enfeksiyonlar ve
ayak enfeksiyonlarinin tedavisinde siklikla kullanilirlar.
Etkili olduklari mikroorganizmalarda protein sentezini
engelleyerek bakteriostatik etki gosterirler. Makrolid grubu
antibiyotiklerden eritromisin, tilosin, tilvalosin, spiramisin,
tilmikosin, tulatromisin, gamitromisin ve tildipirosin
veteriner hekimlikte kullanim alani bulur (Yazar, 2018;
Yazar, 2020; Coskun ve Yazar, 2020). Tilmikosin
kullaniminda hedef tiir olarak sigir, koyun, domuz, hindi ve
tavuklar tanimlanmigtir. Bu  hayvanlarda  ozellikle
Pasteurella multocida ve Mannheimia (Pasteurella)
haemolytica kaynakli solunum sistemi enfeksiyonlari

© EJBCS. All rights reserved.

tedavisinde kullanilir. Sigir ve koyunlarda onerilen tek
dozda (10 mg/kg, deri alt1) etkinligini yaklasik olarak ii¢
giin korudugu, gerek duyuldugunda ii¢ giin sonra tekrar
uygulama yapilabilecegi ifade edilmektedir (Yazar, 2018;
EMA, 2020a; EMA, 2020b).

Deneysel arastirmada makrolid grubu antibiyotiklerin
kardiyotoksik etkiler gosterebilecegi belirlenmistir (Yan ve
ark., 2019). Tilmikosin veteriner hekimlikte yaygin olarak
kullanilsa da &liimle sonuglanabilen ciddi kardiyotoksik yan
etkiler gosterebilmektedir. Enjektabl ticari formulasyon
sadece deri alti yolla uygulanir. Tiire bagli olarak
degismekle birlikte 7.5-30 mg/kg (IM, IV) dozlarinda
6limlere neden olabildigi belirtilmistir (Yazar, 2020; EMA,
2020a).
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2. Tilmikosin Zehirliligi

Yapilan arastirmalarda tilmikosinin apoptozis (Oda ve
Derbalah, 2018) veya oksidatif strese (Aboubakr ve ark.,
2020) neden olarak kardiyotoksisiteye neden olabilecegi
ifade edilse de, kardiyotoksik etkilerini pozitif kronotropi ve
negatif inototropiye neden olarak gosterir (Yazar, 2020;
EMA, 2020a). Tilmikosinin kardiyotoksik etkileri
hayvanlarda rapor edilmekle (Arunvikram ve ark., 2014;
Yazar, 2020) birlikte, insanlarda da oliimlere kadar
gidebilen zehirlenme vakalari bildirilmistir (Oakes ve
Seifert, 2008). Tilmikosin kaynakli zehirlenme vakalar
insanlarda kazara, mesleki maruziyet ve intihar kaynakl
olarak gozlenebilmektedir. Tilmikosin ve tasit maddesi olan
propilen glikoliin insanlar igin Ozellikle intravendz
uygulamada oldukca zehirli olabilecegi ifade edilmistir.
Kardiyotoksik etkisini ise kalsiyum kanallarini1 bloke ederek
gosterebilecegi belirlenmistir. Dermal kontaminasyonda

emilimin azaltilmast i¢in deriye buz uygulamasi
onerilmektedir. Sistemik maruz kalmalarda ise damar igi
kalsiyum, dopamin veya doputamin uygulamalar

yapilabilecegi ifade edilmistir. Beta blokorler, adrenalin
veya noradrenalin uygulamasi yapilmamalidir (Lust ve ark.,
2011). Amerika Birlesik Devletlerinde 2001-2005 yillart
arasinda 1.291 insanin tilmikosine maruz kaldig: ifade
edilmistir. Parenteral yolla maruz kalmayan insanlarda
ciddi yan etkiler veya 6liim gozlenmezken, parenteral yolla
maruz kalanlarda ciddi yan etkiler ve olimler gozlendigi
bildirilmistir. Parenteral 0.5 mL dozunda maruziyette ciddi
yan etkiler gozlenebilecegi ifade edilmistir (Oakes ve
Seifert, 2008). Tilmikosin  zehirliligi ile ilgili
farmakovijilans raporuna gore ilaca maruz kalan 3.168
insanin yaklasik yarisinda klinik belirti goriilmedigi ve
enjeksiyonlarin  biiylik  kisminin  kazara  yapildig
bildirilmistir. Klinik belirtilerin ilk bir saat i¢inde gelistigi,
yaygin klinik belirti olarak enjeksiyon yerinde agri,
kanama, sigsme, bulanti, tasikardi, anksiyete, bag donmesi ve
gogiis agrisi gozlendigi bildirilmistir. laca maruz kalan 156
kiside ciddi yan etkiler goézlendigi ve 13 vakada oliim
gelistigi ifade edilmistir. Oliimlerin 11 tanesinin intihardan,
2 tanesinin ise kazara enjeksiyondan kaynaklandigi rapor
edilmistir (Veenhuizen ve ark., 2006). Ayrica 1998-2003
yillar1 arasinda tilmikosine maruz kalan 46 insanda o6liim
gozlenmedigi ifade edilmistir (Forrester, 2005). Kazara
tilmikosin enjeksiyonuna maruz kalan bir insan ile ilgili
yaymlanan vaka raporunda ciddi gogiis agrisi, EKG’de
degisim, kalp enzimlerinde yiikselmeler gozlendigi ve
tilmikosin uygulamasinin egitimli personelce yapilmasi
gerektigi ifade edilmistir (Von Essen ve ark., 2003). Kazara
maruziyete kalan bagka bir vakada solunum giicgliigi,
tasikardi ve hipotansiyon gelistigi bildirilmistir. Tedavide
parenteral kalsiyum, insiilin, dektroz ve intravendz lipid
emiilsiyonu uygulamalarinin faydali olabilecegi ifade
edilmistir (Besserer ve ark., 2016).

Insanlarin yaninda hayvanlarda da toksisite raporlari
bildirilmistir. Sunulan vaka raporlarinda tilmikosine bagh
kegi (Coskun ve ark., 2012) ve kuzu (Christodoulopoulos,
2009) oliimleri rapor edilmistir. Ozellikle kegilerde cok
zehirli olmasma ragmen, primatlar dahil diger tiirlerde
toksik etkiler gosterebilmektedir. Maymunlarda 6lim
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dozunun yaklagik 30 mg/kg oldugu, satilan ticari tirtinlerden
(300 mg/mL) 6 mL’sinin Oliime neden olabilecegi
bildirilmistir (Yazar, 2020). Merkeplere deneysel amagh
tilmikosin uygulamasi sonrasinda ekokardiyografide kisa
stireli degisimlere neden oldugu ifade edilmistir (Youssef
ve ark., 2016). Kopeklerde yapilan arastirma tilmikosinin
negatif inotropi ve tasikardiye neden oldugu, beta blokor
uygulamasinin olumlu etkisinin olmadig1, ancak doputamin
uygulamasinin  kismen olumlu etkileri oldugu ifade
edilmistir (Main ve ark., 1996). Deneysel olarak
Mycoplasma spp ile enfekte domuzlara farkli dozlarda oral
tilmikosin uygulamasmin biyokimyasal ve fizyolojik
parametrelere olumsuz etkilerinin olmadig1 bildirilmistir
(Zhang ve ark., 2018).

Yapilan  arastirmalarda  tilmikosin  uygulamasinin
tavsanlarda alyuvar ve akyuvar sayisinda gecici diisme
disinda, hemogram ile serum biyokimyasal parametreleri
etkilemedigi (Altunok ve ark., 2002), karaciger ve bobrek
fonksiyon parametreleri {izerine belirgin olumsuz etkileri
olmadig (Said ve ark., 2016), ancak kalp hasar1 belirtecleri
olan kreatin kinaz, kreatin kinaz-MB ve troponin I

diizeylerinde artisa neden oldugu ifade edilmistir.
Tilmikosinin  kardiyotoksik  etkilerinin net olarak
tanimlanmast i¢in  histopatolojik degerlendirme de

yapilmasi gerektigi belirtilmistir (Yazar ve ark., 2002b).

Ratlarda yapilan arastirmalarda letal doz tilmikosin (360
mg/kg, SC) uygulamasindan 8 dakika sonra amiodaron (25
mg/kg, IV) uygulamasinin, tek basina tilmikosin uygulanan
gruba gore hayatta kalma oranim1 %0°dan %40 yiikselttigi
ve tilmikosin zehirlenmesinde kullanilabilecegi (Er ve ark.,
2014), tilmikosinin neden oldugu myokardial oksidatif stres
(Cetin ve ark., 2011), laktat dehidrogenaz, kreatin kinaz,
kreatin kinaz-MB diizeylerinde artislar ve sol ventrikiiler
sistolik disfonksiyona (Cetin, 2019) ghrelin uygulamasinin
olumlu etkiler gosterebilecegi ifade edilmistir. Yiiksek doz
tilmikosin uygulamasi sonrasinda kalp hasari belirtegleri ile
malondialdehid  diizeyinin  ylikseldigi, antioksidan
parametrelerde diismeler ve histopatalojide yogun yangi
hiicre infiltrasyonu ve nekrozlar gozlendigi belirtilmistir.
Tilmikosinin neden oldugu kardiyotoksisitede karnitin
ve/veya vitamin E uygulamalarinin olumlu etkileri
olabilecegi ifade edilmistir (Aboubakr ve ark., 2020). Gebe
ratlara yiiksek dozlarda tilmikosin uygulamasmin fetal
defekt ile anormalliklere neden oldugu ve gebelikte
kullaniminin riskli olabilecegi belirtilmistir (Abo-Kora ve
ark., 2016).

Farelerde yapilan arastirmalarda tilmikosin uygulamasinin
hemogram parametrelerini degistirmedigi, kalpte lipid
peroksidasyonuna neden olmadigi, ancak yiiksek dozlarda
karaciger malondialdehid (Yazar ve ark., 2004), serum
kreatin kinaz, kreatin kinaz-MB, malondialdehid (Yapar ve
ark., 2006), kardiyak kreatin kinaz (Yazar ve ark., 2001),
karaciger, bobrek ve kalp hasar1 parametrelerini yiikselttigi
(Gheith ve ark., 2015), hemogram parametreleri (Gheith ve
ark., 2015), kardiyak siliperoksit dismutaz ve glutasyon
peroksidaz diizeyini diigiirdiigii bildirilmistir (Yazar ve ark.,
2002a). Tilmikosinin neden oldugu kardiyotoksisite ve lipid
peroksidasyonunun diizeltilmesi tizerine Spirulina platensis
(Ibrahim ve Abdel-Daim, 2015) veya L-karnitin (Kart ve
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ark., 2007a; Kart ve ark., 2007b) uygulamalarinin olumlu
etkileri oldugu ifade edilmistir.

Tilmikosinin kanatlilarda histolojik ve biyokimyasal
parametreler {iizerine belirgin etkisinin bulunmadig:
(Rasheed ve ark., 2018), oksidatif stres (Eraslan, 2007),
hematolojik ve biyokimyasal parametrelerde gegici
degisimlere neden olabilecegi ifade edilmistir (Elsayed ve
ark., 2014).

3. Sonug ve Oneriler

Tilmikosin veteriner hekimlikte 6zellikle sigirlarda ¢ok sik
kullanilmaktadir. Solunum sistemi enfeksiyonlarinda tedavi
maliyeti olarak uygun olsa da Olimle sonuglanabilen
kardiyotoksik yan etkiler  gelisebilmektedir.  ilag
uygulayacak egitimli personel bulunmadigi durumlarda,
tedavide diger alternatif antibiyotikler degerlendirilebilir.
Literatiir taramasindan anlasilabilecegi gibi ilag hayvanlar
kadar insanlarda da ciddi yan etkilere neden olabilmektedir.
Gelisen kardiyotoksisite kalsiyum kanallar1 inhibisyonu
yaninda oksidatif stres ve apoptozis ile iliskilendirilse de
literatiirde fikir birlikteligi bulunmamaktadir. Geligen 6liim
hiz1 dikkate alindiginda sadece oksidatif stresle agiklamak
yeterli degildir. Tedavide ise zehirlenme vakalarinda genel
refleks olarak ilk uygulamasi diisiiniilen atropin, beta
blokoér, adrenalin (epinefrin) veya noradrenalin
(norepinefrin) bu vakalarda uygulanmamalidir. Tedavide
damar i¢i kalsiyum, amiodoran ve dopamin veya doputamin
uygulamalar1 yaninda yiiksek doz insiilin ve dekstroz
uygulamalari onerilebilir.
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