e-ISSN: 2602-277X

Volume:3, Issue:2 31 December 2019




e-ISSN: 2602-277X

International Journal of Chemistry and Technology

Journal Name

Journal Initial

Journal Abbreviation
ISSN (Online)

Year of Launching
Editor-in-Chief and
Managing Editor
Manager of Publication
Scope and Focus
Review Type

Ethical Rules

Access Type
Publication Fee
Article Language

Frequency of Publication

Publication Issue
Publisher
Web Page

Contact E-mail address

Contact Address and
Executive address

Contact Telephone

Publication Date
Technical Editor
Spelling Editor
Language (Grammar)
Editor

Secretary

JOURNAL INFO

International Journal of Chemistry and Technology
NCT

Int. J. Chem. Technol.

2602-277X

2017, August

Prof. Dr. Bilal Acemioglu

Assist. Prof. Mehmet Akyiiz

Chemistry, Material Science, Technology
Peer Review Double-Blinded

Plagiarism check, copyright agreement form, conflict of interest,
ethics committee report

Open Access

Free

English

Biannualy

June, December

Prof. Dr. Bilal Acemioglu
http://dergipark.org.tr/ijct

ijctsubmission@gmail.com, ijctsubmission@yahoo.com

Kilis 7 Aralik University, Faculty of Science and Arts,
Department of Chemistry, 79000, Kilis

90 5535983054 (Editor-in-Chief), 90 530 3645222 (Manager of
Publication), 90 532233 17 38 (Secretary)

31/12/2019

Assist. Prof. Dr. Evrim Baran Aydin

Dr. Oguzhan Koger, MSc. Rabia Acemioglu

Assit. Prof. Dr. Muhittin Kulak, Assist. Prof. Dr. Muhammet
Karaman, Msc. Lawali Yabo Dambagi

Dr. Oguzhan Koger, MSc. Rabia Acemioglu

All detailed information including instructions for authors, aim and scopes, ethical rules, manuscript
evaluation, indexing info, and manuscript template etc. can be found on the main web page of 1IJCT
(http://dergipark.org.tr/ijct).



http://dergipark.org.tr/ijct
mailto:ijctsubmission@gmail.com
mailto:ijctsubmission@yahoo.com
http://dergipark.org.tr/ijct

e-1SSN: 2602-277X

International Journal of Chemistry and Technology

Volume: 3, Issue: 2, 31 December 2019

Founder of 1JCT

Prof. Dr. Bilal Acemioglu

EDITORIAL BOARD

Editor-in-Chief

Prof. Dr. Bilal Acemioglu
(Physical Chemistry, Kilis 7 Aralik University, Kilis, Turkey)

Associate Editors

Prof. Dr. Ibrahim Demirtas
(Organic Chemistry and Phytochemistry,
Igdir University, Igdir, Turkey)

Prof. Dr. M. Hakki Alma
(Material Science and Technology,
K.Maras Stitcti Imam/Igdir University, Turkey)

Prof. Dr. Ekrem Kd&ksal
(Biochemistry, Erzincan Binali Yildirim University,
Erzincan, Turkey)

Prof. Dr. Fevzi Kiligel
(Analytical Chemistry, Karamanoglu Mehmet
Bey University, Karaman, Turkey)

Prof. Dr. Yuh-Shan Ho
(Chemical and Environmental Engineering,
Asia University, Taichung City, Taiwan)

Prof. Dr. Yahya Giizel
(Theoretical Chemistry and Polymer Chemistry,
Erciyes University, Kayseri, Turkey)

Prof. Dr. Mustafa Arik
(Physical Chemistry, Atatiirk University,
Erzurum, Turkey)

Prof. Dr. Mehmet Sonmez
(Inorganic Chemistry, Gaziantep University,
Gaziantep, Turkey)



e-1SSN: 2602-277X

International Journal of Chemistry and Technology

Advisory Editorial Board

Prof. Dr. Harun Parlar
(Technical University of Munich, Miinchen,
Germany)

Prof. Dr. Ana Beatriz Rodriguez Moratinos
(Univesity of Exramadura, Badajoz, Spain)

Prof. Dr. Rashid Ahmad
(University of Malakand, Chakdara, Pakistan)

Prof. Dr. Jaine H. Hortolan Luiz
(Federal University of Alfenas, Unifal-MG, Brazil)

Prof. Dr. Vagif Abbasov
(Nef-Kimya Prosesleri Institutu, Baku, Azerbaijan)

Prof. Dr. Mika Sillanpaa
(LUT Lappeenranta University of Technology,
Lappeenranta, Finland)

Prof. Dr. Gilbert Kapche Deccaux
(University of Yaounde I, Yaounde, Cameroon)

Prof. Dr. Ahmet Cakir
(Kilis 7 Aralik University, Kilis, Turkey)

Prof. Dr. Nurullah Saragoglu
(Atatiirk University, Erzurum, Turkey)

Prof. Dr. Ahmet Baysar
(Inonu University, Malatya, Turkey)

Prof. Dr. O. irfan Kiifrevioglu
(Atatiirk University, Erzurum, Turkey)

Prof. Dr. Anatoli Dimoglu
(Diizce University, Diizce, Turkey

Prof. Dr. Stikrii Beydemir
(Anadolu University, Eskisehir, Turkey)

Prof. Dr. Mahfuz Elmastas
(Health Sciences University, Istanbul, Turkey)

Prof. Dr. Giray Topal
(Dicle University, Diyarbakir, Turkey)

Prof. Dr. Shaobin Wang
(Curtin University, Perth, Australia)

Prof. Dr. Jon-Bae Kim
(College of Health Sciences, South Korea)

Prof. Dr. Guang-Jie Zhao
(Beijing Forestry University, Beijing, China)

Prof. Dr. Papita Das
(Jadavpur University, Jadavpur, India)

Prof. Dr. Atiqur Rahman
(Islamic University, Kushita, Bangladesh)

Prof. Dr. Salah Akkal
(University of Mentouri Consatntine,
Consatntine, Algeria)

Prof. Dr. Gelu Bourceanu
(Alexandru loan Cuza University, Romania)

Prof. Dr. M. Salih Agirtas
(Yiiziintci Y1l University, Van, Turkey)

Prof. Dr. Rahmi Kasimogullari
(Dumlupinar University, Kiitahya, Turkey)

Prof. Dr. Hamdi Temel
(Dicle University, Diyarbakir, Turkey)

Prof. Dr. Omer Sahin
(Siirt University, Siirt, Turkey)

Prof. Dr. Mehmet Ugurlu
(Sitkt Kocman University, Mugla, Turkey)

Prof. Dr. Ramazan Solmaz
(Bingol University, Bing6l, Turkey)

Prof. Dr. Mehmet Dogan
(Balikesir University, Balikesir, Turkey)

Prof. Dr. Birgiil Yazici
(Cukurova University, Adana, Turkey)


https://www.facebook.com/anabeatriz.rodriguezmoratinos.7
https://www.facebook.com/anabeatriz.rodriguezmoratinos.7

e-1SSN: 2602-277X

International Journal of Chemistry and Technology

Advisory Editorial Board

Prof. Dr. Mehmet Muhtar Kocakerim
(Cankir1 Karatekin University, Cankir1, Turkey)

Prof. Dr. T. Abdulkadir Coban
(Erzincan Binali Yildirim University, Erzincan,
Turkey)

Prof. Dr. Barbaros Nalbantoglu,
(Yildiz Technical University, Istanbul, Turkey)

Prof. Dr. Halim Avci
(Kilis 7 Aralik University, Kilis, Turkey)

Prof. Dr. Duygu Ekinci
(Atatiirk University, Erzurum, Turkey)

Prof. Dr. Ali Kara
(Uludag University, Bursa, Turkey)

Assoc. Prof. Niyaz M. Mahmoodi,
(Institute for Color Science and Technology,
Tehran, Iran)

Assoc. Prof. Dr. Senay Simsek
(North Dakota State University, Fargo, USA)

Assoc. Prof. Dr. Muhammet Kose
(Stitcti Imam University, K.Maras, Turkey)

Assoc. Prof. Dr. Serhan Urug
(Stitgti Imam University, K.Maras, Turkey)

Assoc. Prof. Dr. Murat Sadikoglu
(Gaziosman Pasa University, Tokat, Turkey)

Assist. Prof. Dr. Mutasem Z. Bani-Fwaz

(King Khalid University, Asir-Abha, Saudi Arabia

Dr. Zineb Tribak
(Sidi Mohamed Ben Abdellah University, Fez
Morocco)

Dr. Ramadan E. Ashery
(Damanhour University, Egypt)

Prof. Dr. Murat Alanyalioglu
(Atatiirk University, Erzurum, Turkey)

Prof. Dr. Ismet Kaya
(18 Mart University, Canakklae, Turkey)

Prof. Dr. Omer Isildak
(Gaziosmanpasa University, Tokat, Turkey)

Prof. Dr. Ahmet Tutar
(Sakarya University, Sakarya, Turkey)

Prof. Dr. Metin Biilbiil
(Dumlupinar University, Kiitahya, Turkey)

Assoc. Prof. Dr. Mahjoub Jabli
(University of Monastir, Monastir, Tunisia)

Assoc. Prof. Chin-Hung Lai (Chung Shan
Medical University, Taiwan)

Assoc. Prof. Dr. Metin Agikyildiz
(Kilis 7 Aralik University, Kilis, Turkey)

Assoc. Prof. Dr. Mustafa Karatas
(Aksaray University, Aksaray, Turkey

Assoc. Prof. Dr. Murat Saragoglu
(Erciyes University, Kayseri, Turkey)

Assoc. Prof. Dr. Mustafa Ozdemir
(Siileyman Demirel University, Isparta, Turkey)

Assist. Prof. Masood Ayoub Kaloo
(Govt. Degree College Shopian, J &K, India)

Assist. Prof. Dr. Bakhtiyor Rasulev
(North Dakota State University, Fargo, USA)

Dr. Sameer Ahmed Awad
(University of Anbar, Ramadi, Iraq)



e-1SSN: 2602-277X

International Journal of Chemistry and Technology

Reviewers for December 2019, Vol: 3, Issue: 2

Prof. Dr. Mahfuz Elmastas

(University of Health Sciences, istanbul, Turkey)

Prof. Dr. Siikrii Beydemir
(Anadolu University, Eskisehir, Turkey)

Prof. Dr. Siikrii Karatag
(Siiteti Imam University, Kahramanmaras,
Turkey)

Prof. Dr. Nezir Yildirim
(Bingdl University, Bing6l, Turkey)

Prof. Dr. Anatoli Dimoglo
(Diizce University, Diizce, Turkey)

Prof. Dr. Hamdi Karaoglu
(Mugla Sitk1 Kogman University, Mugla,
Turkey)

Assoc. Prof. Dr. Hamit Alyar
(Canir1 Karatekin University, Cankiri, Turkey)

Assoc. Prof. Dr. Ali Samil
(Siit¢ii Imam University, Kahramanmaras,
Turkey)

Assoc. Prof. Dr. Hakan Sdyiit
(Uludag University, Bursa, Turkey)

Assist Prof. Dr. Mutasem Z. Bani-Fwaz
(King Khalid University, Saudi Arabia)

Prof. Dr. Suna Erdogan
(Hacettepe University, Ankara, Turkey)

Prof. Dr. Kani Arict
(Kilis 7 Aralik University, Kilis, Turkey)

Prof. Dr. Stikrii Ozgan
(Siitgti Imam University, Kahramanmaras,
Turkey)

Prof. Dr. Kemal Giiven
(Dicle University, Diyarbakir, Turkey)

Prof. Dr. ilhami Giilgin
(Atatiirk University, Erzurum, Turkey)

Prof. Dr. Ekrem Koksal
(Erzincan Binali University, Erzincan,
Turkey )

Assoc. Prof. Dr. Murat Saragoglu
(Erciyes, Kayseri, Turkey)

Assist Prof. Dr. Ahmet Altay
(Erzincan Binali University, Erzincan,
Turkey )

Assist. Prof. Dr. Mustafa Okant
(Harran University, Sanliurfa, Turkey)



e-1SSN: 2602-277X

International Journal of Chemistry and Technology

TABLE OF CONTENTS

Review Articles Pages

1.

Quality and composition of lipids used in biodiesel production and methods of 77-91
transesterification: A review

(Biyodizel tiretiminde kullanilan yaglarin kalitesi, kompozisyonu ile transesterifikasyon

yontemleri: Bir derleme)

Ihsan Ekin

Research Articles Pages

2.

Recombinant human G-CSF production as a protein based drug candidate for hematology ~— 92-100
and oncology

(Hematoloji ve onkoloji i¢in protein esasli bir ilag aday1 olarak rekombinant insan G-CSF

tiretimi)

Yasemin Bozkurt, Sema Bilgin, Secil Erden Tayhan, Ismail Furkan Turan, Isa Gokge

Variation of Coster-Kronig enhancement factors at different excitation energies of the 101-112
elements in the atomic number range 41 <Z <49

(Atom numarasi 41 < Z < 49 arasindaki elementlerin farkli uyarma enerjilerinde Coster-

Kronig siddetlendirme faktorlerinin degisimi)

Rafet Yilmaz, Turgay Ozmen, Tahir Cakir

Cytotoxic activity of zinc oxide/titanium dioxide nanoparticles on prostate cancer cells 113-120
(Cinko oksit/titanyum dioksit nanopartikiillerin prostat kanser hiicreleri iizerinde

sitotoksik aktivitesi)

Ayca Tas, Nese Keklikcioglu Cakmak, Tugba Agbektas, Yavuz Silig

Quantitative modeling for prediction of boiling points of phenolic compounds 121-128
(Fenolik bilesiklerin kaynama noktalarinin belirlenmesi i¢in kantitatif modelleme)
Soumaya Kherouf, Nabil Bouarra, Djelloul Messadi

Effect of measurement frequency on admittance characteristics in Al/p-Si structures with  129-135
interfacial native oxide layer

(Dogal oksit araytiizey tabakali Al/p-Si yapilarda admittans karakteristikleri tizerine dlglim
frekansinin etkisi)

Muhammed Can Ozdemir, Omer Sevgili, [kram Orak, Abdiilmecit Tiiriit

Adsorption of basic red 2 dye by activated biomass charcoal in batch and column systems 136-145
(Bazik kirmizi 2 boyasinin kesikli ve kolon sistemlerinde aktifleGtrilmiG biyokiitle

komiiri tarafindan adsorpsiyonu)

Bilal Acemioglu, Neslihan Karatas, Melike Hilal Giiler, Murat Ertas, Mehmet Hakk1

Alma

Vi


https://dergipark.org.tr/tr/pub/ijct/issue/50366/623165
https://dergipark.org.tr/tr/pub/ijct/issue/50366/623165
http://dergipark.gov.tr/ijct/issue/39225/455519
http://dergipark.gov.tr/ijct/issue/39225/455519
http://dergipark.gov.tr/ijct/issue/39225/455519
http://dergipark.gov.tr/ijct/issue/39225/455519
https://dergipark.org.tr/tr/pub/ijct/issue/50366/600180
https://dergipark.org.tr/tr/pub/ijct/issue/50366/600180
http://dergipark.gov.tr/ijct/issue/39225/452489
http://dergipark.gov.tr/ijct/issue/39225/452489
http://dergipark.gov.tr/ijct/issue/39225/452489
http://dergipark.gov.tr/ijct/issue/39225/452489
https://dergipark.org.tr/tr/pub/ijct/issue/50366/634210
https://dergipark.org.tr/tr/pub/ijct/issue/50366/634210
https://dergipark.org.tr/tr/pub/ijct/issue/50366/613536
https://dergipark.org.tr/tr/pub/ijct/issue/50366/636581
https://dergipark.org.tr/tr/pub/ijct/issue/50366/642886
https://dergipark.org.tr/tr/pub/ijct/issue/50366/642886
https://dergipark.org.tr/tr/pub/ijct/issue/50366/650476

8.

Inhibition effects of commonly used some antibacterial and antiviral drugs on purified 146-150
human serum paraoxonase-1 (hPON1)

(Sik kullanilan baz1 antibakteriyel ve antiviral ilaglarin saflastirilmis insan serum

paraoksonaz-1 (hPON1) iizerine inhibisyon etkileri)

Hakan Soyut

The substituent group activity in the anion of cholinium carboxylate ionic liquids on 151-161
thermo-physical, chemical reactivity, and biological properties: A DFT study

(Kolinium karboksilat iyonik sivilarin anyonundaki siibstitiie grubun thermo-fiziksel,
kimyasal reaktivite ve biyolojik dzellikler tizerine aktivitesi: Bir DFT ¢alismasi)

Afroza Zannat, Ajoy Kumar, Md. Nuruzzaman Sarker, Sunanda Paul

Vil


https://dergipark.org.tr/tr/pub/ijct/issue/50366/651334
https://dergipark.org.tr/tr/pub/ijct/issue/50366/651334
https://dergipark.org.tr/tr/pub/ijct/issue/50366/648409
https://dergipark.org.tr/tr/pub/ijct/issue/50366/648409

Int. J. Chem. Technol. 2019, 3 (2), 77-91

DOI: http://dx.doi.org/10.32571/ijct.623165

Ekin

E-ISSN:2602-277X

7450}

http://dergipark.org.tr/ijct

International Journal of Chemistry and Technology

Review Article

Quality and composition of lipids used in biodiesel production and methods of
transesterification: A review

[hsan EKIN™

on the last page

Department of Energy System Engineering, Engineering Faculty, Strnak University, Surnak, Turkey

Received: 22 September 2019; Revised: 16 October 2019; Accepted: 18 October 2019

*Corresponding author e-mail: ekinihsan@gmail.com

| Citation: Ekin, 1. Int. J. Chem. Technol. 2019, 3 (2), 77-91. |

ABSTRACT

This study presents a brief overview of the composition and
properties of various oils used in biodiesel production and the
alkali, acidic and enzymatic transesterification reactions used in
production. Nowadays, vegetable and microalgae oils are
mostly used in biodiesel production. Recently, however, animal
fats, processed oils, industrial oils and yeast and bacterial oils
have also gained importance. Although all fats and oils are
roughly similar, their saturated fatty acids (SFA),
polyunsaturated fatty acids (PUFA), monounsaturated fatty
acids (MUFA), free fatty acids (FFA), cholesterol or glycerol
contents may be different and affect the production and
efficiency of the biodiesel. Triglycerides are the most
significant lipids in biodiesel production. Triglycerides in
vegetable oils dominantly contain C18:1®09 and C18:2w6 fatty
acids. Whereas, triglycerides in animal fats mostly include
C16:0 and C18:1w9 fatty acids. Microalgae are rich in long-
chain fatty acids such as C20 and C22. Also, fatty acids such as
C14:0, Cl6:1o7, C18:0, C20:0, C22:0, C24:0, C22:109,
C18:3w6, C20:4w6 and C20:5w6 are present in oils and fats.
However, their proportions change from feedstock to feedstock.
Rendered animal-originated fats include larger quantities of
FFA than waste vegetable oils and, as known, excessive
amounts of FFA generate soap in reactions with the alkaline
catalyst, reducing biodiesel efficiency. For this reason,
generally vegetable and microalgal oils containing a large
number of triglycerides and less FFA are preferred for biodiesel
production. Bacteria can synthesize branched fatty acids. It has
been reported that biodiesel produced from branched fatty acids
has advantages according to biodiesel produced from other
lipids. Consequently, the use of correct and reliable lipids in
biodiesel production is very important for the quality of fuel.

Keywords: Fatty acids, feedstocks, biodiesel,

transesterification.

lipid

Biyodizel iiretiminde kullanilan yaglarin
kalitesi, kompozisyonu ile transesterifikasyon

yontemleri: Bir derleme

0z

Bu ¢aligsma, biyodizel iiretiminde kullanilan gesitli yaglarin
kompozisyonu ve 6zelligi ile iiretimde kullanilan alkali, asidik
ve enzimatik transesterifikasyon reaksiyonlarina kisa bir bakis
sunmaktadir. Giinliimiizde, bitkisel ve mikroalg yaglar
cogunlukla biyodizel iiretiminde kullanilmaktadir. Ancak son
zamanlarda hayvansal yaglar, islenmis yaglar, endiistriyel
yaglar ve maya ve bakteri yaglar1 da dnem kazanmustir. Biitlin
stvi ve kat1 yaglar kabaca birbirine benzer olsada, onlarin
doymus yag asiti (DYA), ¢oklu doymamis yag asiti (CDYA),
tekli doymamis yag asiti (TDYA), serbest yag asiti (SYA),
kolesterol ve gliserol igerikleri farkli olabilir ve bu da biyodizel
iretimini ve verimini etkiler. Trigliseritler biyodizel iiretiminde
en Onemli lipitlerdir. Bitkisel yaglardaki trigliseritler, baskin
olarak Cl18:1m9 ve Cl18:2w6 yag asitlerini igerirler. Oysa
hayvansal yaglardaki trigliseritler c¢ogunlukla C16:0 ve
C18:1m9 yag asitlerini ihtiva ederler. Mikroalgler C20 ve C22
gibi uzun zincirli yag asitleri bakimindan zengindirler. Ayrica,
C14:0, Cl6:1o7, CI18:0, C20:0, C22:0, C24:0, C22:1w09,
C18:3w6, C20:4m6 ve C20:5w6 gibi yag asitleri, kat1 ve sivi
yaglarin ¢ogunda bulunurlar. Fakat oranlari hammaddeden
hammaddeye degismektedir. Islenmis hayvan kaynakli yaglar,
atik bitkisel yaglardan daha biiyiilk miktarlarda FFA igerir ve
bilindigi {lizere, asi1 miktarda FFA, alkali Kkatalizorle
reaksiyonlarda sabun {ireterek biyodizel verimliligini azaltir. Bu
nedenle, genel olarak ¢ok sayida trigliserit ve daha az FFA
iceren bitkisel ve mikroalgal yaglar1 biyodizel iretimi icin

tercih edilir. Bakteriler ise dallanmis yag asitlerini
sentezleyebilirler.  Dallanmis yag asitlerinden {iretilen
biyodizelin, diger yaglar ile iretilen biyodizellere gore

avantajlara sahip oldugu rapor edilmistir. Sonu¢ olarak,
biyodizel liretiminde dogru ve giivenilir lipidlerin kullanilmasi
yakitin kalitesi i¢in ¢ok dnemlidir.
Anahtar Kelimeler: Yagasitleri, ham maddeleri,
biyodizel, transesterifikasyon.

lipit
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1. INTRODUCTION

Lipids can be classified into three groups, simple
lipid (neutral lipids), complex lipid (phospholipids,
lipoproteins, glycolipids), and primary lipid (fatty acids
and sterols). In detail, lipids contain a variety of
structural types, including fatty acids, triglycerides,
diglycerides, monoglycerides, lipoprotein, glycolipids,
terpenoids, terpenes, steroids, sphingolipids,
phospholipids, eicosanoids, and waxes. They are often
known by high solubility in nonpolar solvents such as
chloroform, hexane and diethyl ether.

Physically, fats are solid and oils are liquid at room
temperature. Lipids from fats and oils include
triglycerides synthesized from three long-chain fatty
acids and a glycerol molecule. Because of the high
viscosity of the lipids, they cannot be directly used as
fuel in a standard diesel engine. For this reason,
triglycerides are converted into fatty acids methyl esters
(FAME) by transesterification reaction to reduce
viscosity. Hence, three molecules of FAME and one
molecule of glycerine are picked up from one molecule
of triglycerides. Glycerine is taken away as by-product,
and FAME is used as biodiesel."

Most of the lipids are comprised of fatty acids
containing long saturated or unsaturated aliphatic
hydrocarbon chains and a terminal carboxyl group. Fatty
acids generally have unbranched chains with even
number of carbon atoms, usually 14 to 28 carbon-
containing and they are mostly found in triglycerides and
phospholipids. Saturated carbon chains containing fatty
acids are called fats (mostly found in animals) having
higher melting points than the unsaturated ones like
vegetable oils. If a single fatty acid is not bonded to other
molecules, it is called free fatty acid (FFA). The major
fatty acids of the feedstocks are stearic (C18:0), palmitic
(C16:0), oleic (C18:109) and linoleic (C18:2w6) acids
with a low degree of unsaturation. It has been reported
that density and viscosity of biodiesel can be predicted
by the fatty acid profile of feedstock. If the main fatty
acids of the feedstock have a long chain of carbon and
low degree of unsaturation, the viscosity of the biodiesel
will be high, and vice versa. Consequently, the increasing
number of double bonds and reducing chain length make
density higher.”

Biodiesel consists of a mixture of fatty acid formed
chain length between C14-C22alkyl esters, obtained from
a sustainable lipid feedstock, such as animal fat,
vegetable or algae oil. Just in case of using ethanol or
methanol as reactants, the mixture of fatty acid ethyl
esters (FAEE) or FAME is formed, respectively. By any
means, methanol is generally used in transesterification
reactions by its low-priced and availability. Sometimes
butanol and isopropanol might also be wused in
transesterification reactions instead of conventional
alcohol. Water content is the main factor for primary
alcohol. Water is not good for biodiesel production
because it can give rise to poor yields and converts FFA
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and triglycerides to soap.3 FAME is the most important
part of biodiesel and can be used in conventional diesel
engines with no significant modifications. The
advantages of biodiesel over diesel fuel are its non-toxic
feature, higher combustion performance,
biodegradability, renewability, higher cetane number,
portability, easy availability, lower aromaticand sulfur
content, safer handling and better emission profile.“'5
Compared to petroleum-based fuels,biodiesel is less
toxicand has a low environmental impact with its
emissions and does not include sulfur, therefore SO.is
not emitted. On the other hand, proper combustion can be
achieved because of the high flash point of biodiesel and
producing lower emissions of hydrocarbons, CO, CO,,
and NO,.

High-quality vegetable oils such as soybean,
sunflower, rapeseed (canola), corn, and safflower are
generally used as biodiesel raw materials. These raw
materials have a high-cost, which is currently responsible
for 85% of biodiesel production expenses.6 Recently, a
variety of investigationsare released on biodiesel
production from low-pricedfeedstocks. Therefore, there
are a lot of explorations onnew generation oily seeds,
rendered and frying oils, different animal fats, algae oils,
and microbial lipids. The most efficient and low-priced
feedstock has not been advanced exactly.” More than
95% of total biodiesel production is edible oil feedstock.
For example, sunflower oils (13%) and rapeseed oils
(84%) are major feedstock in biodiesel synthesis
followed by palm oil (1%). The other is produced from
groundnut, corn,coconut, peanut, soybean, and canola
(2%).% Some of the non-edible oil sources utilized for
biodiesel are  rubber  (Ficuselastica), Jatropha
(Jatrophacurcas), karanja (Milletiapinnata), polanga
(Calophylluminophyllum), tobacco (Nicotianatabacum),
caster (Ricinuscommunis) and mahua.®**  Animal-
originated products such as poultry fat, tallow, and lard
have also been explored for their capacities as raw
materials of biodiesel.”** The restaurants and food
processing oils such as rendered cooking oil and other
waste oil have been evaluated as feedstock."® Animal fats
derived biodiesel has the superiority of a higher cetane
number, the most significant indicator of diesel
combustion property as compared to vegetable originated
biodiesel.” Nonetheless, the biodiesel from animal fats
has higher cold filter plugging point due to the high
content of saturated fatty acids,” and it is less stable to
oxidation owing to the lack of natural antioxidants which
is mostly found in the biodiesel from vegetable 0il.*°
Thereby, biodiesel from animal fat may not be
appropriate to use it 100% pure in vehicles during cold
weather; however, it can be utilized as 100% pure in the
boiler systems for heat generation."’

This review paper describes the lipid composition of
all kinds of feedstocks mentioned up to now such as
vegetable oil, animal fat, algal oil, waste, and
industrialoiland microbial lipids to be used in transeste-
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rification reactions for producing biodiesel, as well as
comparing the advantages, disadvantages and positive
and negative aspects of biodiesel feedstocks. Thence, the
purpose of this work is to present an overview of the
different type of raw materials adopted for the production
of biodiesel, and additionally it describes alkaline, acidic
and enzymatic transesterification methods.

2. TYPES OF FEEDSTOCKS AND THEIR
QUALITIES

2.1. Composition of vegetable oils as a feedstock for
biodiesel

More than 95 % of biodiesel primarily has been
obtained from edible vegetable oils, biodiesel first
generation, which is substantially obtainable from the
agricultural industry.9 Most countries are searching for
different types of vegetable oils as a supplement for their
diesel fuels depending on their climate conditions and
soil types. The purpose is to grow plants that are cheaper
and have higher oil content. Latterly biodiesel is
predominantly produced from rapeseed in Canada,
soybean in the USA, sunflower in Europe, palm in
Southeast Asia (mainly in Malaysia and Indonesia), and
safflower in India and rarely in the Middle East.
Furthermore, the rapeseed and the sunflower are
produced in the north of Europe and the Mediterranean
countries, respectively. Sunflower oil has good properties
in biodiesel production. However, to obtain economical
biodiesel, the high cost of sunflower oil is a serious
problem. For this reason, a large scale of biodiesel
production from edible oils has nowadays been of great
concern because they compete with food materials.'®
Let's not miss it; the malnourished human proportion is
approximately 60% across the world,"*? the largest
producers of biodiesel were the European Union, the
United States, Brazil, and Indonesia, which used edible
oil for about 8.6 million tones of biodiesel production.
The approximate development in using edible oil for
biodiesel production was 6.6 million tons from 2004 to
2007, which would ascribe to 34% of the increase in
global consumption to biodiesel.’ Alternative vegetable
oil from Cynaracurdunculus (Cardoon), Brassica
carinata (Ethiopian mustard), Camelina sativa,
Crambeabyssinica, Pogianus, Jathophacurcas are
recently been the raw material for biodiesel.
Additionally, some of the non-edible oils containing
plants, e.g. Jatropha, pongamia and karanji play a
noteworthy role in resources. Both these plants may be
grown on a massive scale on agricultural, degraded or
wastelands.”*

The majority of vegetable oils mostly have shown
similar fatty acids profiles, usually dominated with
monounsaturated or polyunsaturated fatty acids. On the
other hand, they can show similarities in total but also
contain differences in detail. Knowing the fatty acid
content of a plant helps to achieve a high quality and
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efficient biodiesel production. Rapeseed oil is distingu-
ished by low level (7%) of saturated fatty acids and
considerable amounts of monounsaturated fatty acids and
polyunsaturated fatty acids, including 61% C18:109,
21% C18:2w6 and 11% Cl18:3w3, plant sterols (0.53-
0.97%).22 In some other studies, it is stated that rapeseed
has contained 60% of Cl18:109 and soybeans have
contained 50-60% of C18:2w6 (Table l).23 The saturated
fatty acid contents of rapeseed, safflower, sunflower,
corn, olive, and soybean oil is determined at low levels;
however, the ratio of monounsaturated fatty acid in
canola and the ratio of polyunsaturated fatty acid in
safflower, sunflower, corn, olive, and soybean are
detected at a high level. On the other hand, coconut has
contained most than 90% saturated fatty acids.” Soybean
contains a significant amount of triglycerides, primer
neutral lipids. There is a high content of unsaturated fatty
acids in soybean oil, as approximately all the triglyceride
molecules contain at least two unsaturated fatty acids.”
Palm oil has equivalent fatty acid compositions in which
the level of saturated fatty acid is nearly equal to
unsaturated fatty acids. Palmitic acids (44-45%) and
Cl18:109 (39-40%) are major fatty acids along with
C18:206 (10-11%).26 Total ratio of the safflower seed oil
ranges between 30 and 45% based on the dry weight and
its oil is used by both food industry and food producers.
Safflower oil which contains high C18:2w6 ratio is
mostly used in human nutrition, however, recent market
demand has drastically shifted from the traditional high
C18:206 to high C18:19. High C18:109 safflower oil
is lower in the saturated fatty acids and higher in the
monounsaturated fatty acids compared to olive oil. High
Cl18:109 safflower oil has promising solutions for the
environment as a pollutant-reducing diesel fuel due to
reducing smoke and particulate emissions. In Europe,
canola oil is seen as a major source of oil, as well as
contributing nearly 85% of the oil for biodiesel
production, additionally, sunflower, soybean, and palm
oils are the other three important vegetable oils for
biodiesel. Some other resources for vegetable oil
extraction to be used in biodiesel production are coconut
kernel, castor berry, cotton seed, palm pulp, palm kernel
oil, peanut grain, and babassu kernel.”’ In a study on
some non-traditional seed oils, fatty acid profiles of seed
oils of 75 plant species having 30% or more fixed oil in
their seed/kernel were analyzed. FAMEs of the oils from
26 species including Calophyllum inophyllum, Jatropha
curcas, Pongamia pinnata, and Azadirachta indica
showed these plants as most proper species for biodiesel
production and they meet the correct definition of
biodiesel standards of USA, Germany and European
Standard Organization. The FAMEs of the other 11
species meet the specification of USA biodiesel standard.
It is concluded that perceived plants have a great
potential for biodiesel.”

The carbon number of the diesel fuel is roughly,15
nearly; it is similar to vegetable oil with 14-18 carbons.”
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Table 1.The average fatty acid compositions of some vegetable oils and animal fats.”

Fatty acids C12:0 C14:0 C16:0 C16:1 C18:0 C181 C18:2 (Ci18:3 C20:4 >C20
Vegetable oils
Soybean - 0.1 6-10.2 - 2-5 20-30  50-60 - - -
Rapeseed 0.2 0.1 3.9 0.2 1.7 60 18.8 9.5 - 4.0
Corn - 1-2 8-12 0.1 2-5 19-49  34-62 0.7 - 2.0
Olive - - 9-10 - 2-3 73-84 10-12  Traces - -
Cotton - - 20-25 - 1-2 23-35 40-50  Traces - -
Animal fats
Lard 0.1 1-2 23.6-30 2.8 12-18  40-50 7-13 0-1 1.7 1.3
Tallow 0.1 3-6 23.3-32 44 19-25  37-43 2-3 0.6-09 0.2 1.8
Fish 0.2 6.1 14.3 10.0 3.0 151 14 0.7 0.7 56.5
Butter - 7-10 24-26 - 10-13 1-2.5 2-5 - - -
Chicken 0.1 1-13 17-20.7 54 6-12 42.7 20.7 0.7-1.3 0.1 16

The major dissimilarity between animal fat and vegetable
oils their fatty acid content. Vegetable oils have a high
content of unsaturated fatty acids, mostly C18:109 and
C18:2w6, whereas animal fat has a higher proportion of
saturated fatty acids.” Although there are lots of
economical oil and fats for example waste oils and
unused animal fats, their major problem is the high
amount of FFA. Their conversions to biodiesel are quite
difficult by transesterification reactions. For biodiesel
largely the materials including triglycerides are preferred.
Vegetable oil contains more triglycerides and thus
preferentially has been preferred for biodiesel.*’
Molecular weights of triglycerides are between 800 and
900 g mol™and for this reason, they are nearly four times
larger than typical diesel (CigHas) fuel.** Because of
higher molecular weights, vegetable oils have low
volatility and due to their unsaturation, they are naturally
more reactive than diesel fuels. For these reasons, they
are much more susceptible to oxidation and thermal
polymerization reactions.”> Thus, the triglycerides are
preferred for formation of FAME by transesterification.
A lot of vegetable oils are differentiated by their
different fatty acid compositions. The types of fatty acids
in triglycerides are important for biodiesel quality. In
triglycerides of vegetable oil, the dominant fatty acids are
C16:0, Cl18:1w9 and Cl18:2w6. Additionally, the fatty
acids C14:0, Cl6:1o7, C18:0, C20:0, C22:0, C24:0,
C22:109 and C18:3w6 are generally present in vegetable
oils and their proportions may vary from plant to plant.

2.2. Composition of animal fats as a feedstock for
biodiesel

The inedible tallow, fats, edible tallow, lard, yellow
and brown grease, all these raw materials are mainly
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from animals such as beef, pork, chicken fat, and poultry,
as these are most used on a large scale in the food
industry and for biodiesel production.” Mixtures of
vegetable oils and animal fats can be used asyellow
greases. It is also known to be lower-quality grades of the
cow or sheep fat (tallow); however, it usually comes
from vegetable oil and termed waste oil, cooking oil or
used vegetable oil. The tallow is made of beef fat, the
lard is pork fat and the chicken fat is from poultry.
Brown grease comes from restaurant fats and sewage
plants. The brown grease is gelatinized at room
temperature. Yellow, brown grease and tallow can be
used for biodiesel, in spite of the high costs of processing
and low yield of biodiesel.*® Each year, over 1.4 billion
gallons of used cooking oil and animal fat are provided
by the United States. Indeed, nearly 74% of the inedible
tallow and grease are fabricated as animal feed and also
the remainder is used to make lubricants, soaps, biodiesel
andother products.’”® Due to their high content of
saturated fatty acids, animal fats have high viscosity and
are in solid form at room temperature. Incomplete
combustion and poor atomization of fuel are based on the
high viscosity of the fuel.”* Subsequently, particulate in
the exhaust gas and high emissions of pollutants
increases.*

Animal fats are easily existing due to good managing
product control and handling procedures of meat
industries. Animal fats are mostly used as animal feeds,
however; this application recently decreases owing to the
possible diseases. For this reason, the using of animal
fats for biodiesel is a good alternative to evaluatethe
wastes.’Another problem is that biodiesel fromanimalfat
and cooking oil is less resistant to cold weather
thanbiodiesel fromvegetable oils. Therefore,  additive
productshave been developed particularly for biodiesel



Int. J. Chem. Technol. 2019, 3 (2), 77-91

DOI: http://dx.doi.org/10.32571/ijct.623165

production.33 The biggest problem of animal fats for
biodiesel is that they contain a large quantity of FFA that
is very difficult to be converted to biodiesel by alkaline
transesterification because of formation of fatty acids
salts (soap). Soaps can prevent the dissociation of the
biodiesel from glycerine fraction and cause poor quality.
In research about alkaline transesterification of beef
tallow, it has been stated that FFA content needs to be
kept below 0.5% (1 mg KOH g™); this means that the fats
and vegetable oils must be refined to remove FFA.* FFA
content influences the yield of biodiesel and causes a
delay in the process of biodiesel production.
Immiscibility of methanol and animal fats is another
problem in biodiesel production. Stirring the solution
does not thoroughly form an emulsion, resulting in low
production of FAME. For this reason, the solution should
contain catalysts because it helps to the conversion of
triglycerides to biodiesel.

Tallow which is one of the most important animal
fats has been used mostly in recent work on biodiesel.
The fatty acids contents of tallow mainly comprise of
C18:1m9 (26-50%), C18:0 (6-40%), C16:0 (17-37%),
C14:0 (1-8%), C18:2w6 (0-5%) and other branched-
chain acids.® It has been also reported that C18:0 (19-
25%) is the most abundant fatty acid, C18:1®9 is found
between 37-43% in tallow.”> On the other hand, in lard,
C16:0 (23.6-30%), C18:0 (12-18%) and C18:2w6 (40-
50%) have been found to be predominant fatty acids
(Table 1).* In the tallow, the fatty acids are mostly
saturated and monounsaturated fatty acids and only a
minimum amount of essential fatty acids can be found.®
Additionally, tallow has a high cholesterol level and
lacks in natural antioxidants.’ In another study, it is
stated that the fatty acid composition of lard basically
comprises C18:109 (41.6%), C16:0 (23.9%) and some
C18:2w6 (13.2%), and it contains (67.3%) of C16:0 in
the sn-2 position of triglycerides.38 Because of its
composition, the lard can be melted easily physically.
Besides, the lard contains high levels of cholesterol and
does not contain natural antioxidants, so the level of
oxidation must be preserved by adding natural or
synthetic antioxidants™ for preventing oxidation of fatty
acids. It is normal to have different results regarding
animal fats. Because, in the analysis of fatty acids,
animal fats from different regions have been selected. It
is emphasized that fatty acids which are detected at high
levels in the fat are dominant in many studies. On
average, the lipid composition of the animal fat is
between 38-43% for saturated fatty acids, 56-62% for
unsaturated fatty acids, 47-50% for monounsaturated
fatty acids and 6-10% for polyunsaturated fatty acids.*

The content of fatty acids in milk fats, rendered
animal fats, and fish oil are determined at different
levels. The short-chain fatty acids from milk are larger
than other fats, varying between C4:0 to C10:0 carbon-
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containing fatty acids.”” Animal fats have more saturated
fatty acids and monounsaturated fatty acids whereas fish
oils consist of more polyunsaturated fatty acids.® The
composition of fatty acids in animal fats is important for
qualified biodiesel production. There are many reasons
affecting the fatty acid ratio of animals. Genetic, feeding
behavior, animal physiology, environmental and climatic
factors are some of these factors, but the most important
factor is nutrition. For instance, the fatty acids
composition (particularly C18:2w6) can be altered by
increasing the grains in the animal diet, in poultry.
Increases in peanut and corn in pig diet could produce
softer lard.”

However, when compared with biodiesel based on
vegetable oil, animal fat originated biodiesel has some
important advantages as follows:"" the animal biodiesel
blend (B20) cetane number is higher than standard diesel
fuel, and therefore, the engine runs very smoothly with
animal fat-based biodiesel. It has higher calorific value
and higher cetane number and low sulfur and aromatic
contents. Net sulfur dioxide (SO,) and carbon dioxide
(CO,) emissions are reduced by 100%, preventing in this
way global warming, acid rain, and visible smoke and
noxious odors. Without any major modification in
machines, animal FAME as biodiesel blended with diesel
fuel can be used in conventional diesel engines,
generators, and boilers. Magnesium and nickel-based
additives reduce the pour point, flash point and viscosity
of biodiesel. Additionally, it is a clean liquid fuel and
biodegradable in agueous solution, 95% resolve within
28 days. A flashpoint of 150°C which compares very
favorably to diesel oil whose value is 50°C. Several
studies in the U.S. have shown that biodiesel reduces by
90% the risk of cancer. Positive health reduces the effects
of carcinogenic aromatic polycyclic hydrocarbon (PAH),
particularly following cancer-causing agents:
benzofluorantren 56% reduction, benzopyrenes 71%
reduction and fenantren 97% reduction. Hydrocarbons
and soot emissions are reduced by 10-50% and 40-60%,
respectively. The major disadvantages ofanimal fat
originated biodiesel arethat having a higher cold filter
plugging point owing to the greater content of SFAand
being less stable to oxidation on account of the absence
of antioxidants."***

2.3. Composition of algae lipids as a feedstock for
biodiesel

In comparison to higher plants, microalgae have
several advantages as higher photosynthetic efficiency,
growth rate, the production rate of biochemicals and so
on. In addition to the high content of lipids, microalgae
biomass encompasses a significant amount of
carbohydrates, proteins, and some other nutrients,
therefore the residual biomass from biodiesel production
processes can be used potentially as animal feed also.
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Other constituents apart from lipids, e.g. pigments,
proteins, carbohydrates in microalgae have commercial
importance as nutraceuticals and pharmaceuticals. These
constituents can be produced from microalgae in an
integrated biorefinery approach along with biodiesel
production.”” Some of the residual biomass may be used
to produce methane by anaerobic digestion, for
generating the necessary electrical power for running the
microalgae biomass production facility. Overall, it is
used as a very outstanding raw material in producing of
biodiesel due to the high content of the oil. In
comparison to other oil crops, microalgae have beneficial
potentials in biodiesel production. When compared to
land plants, First, much land is not needed for the
cultivation of microalgae.”® Also, biodiesel from
microalgae does not compromise the production of food
and other products obtained from crops. Second,
microalgae growmore rapidly and algal species are rich
in oils than conventional crops.44 Oil from microalgae
does not burn entirely and form deposits in the fuel
injector of diesel engines due tolow volatility and high
viscosity (about 10-20 times higher than diesel fuel).
However, the transesterification of microalgae oils will
greatly reduce the original viscosity and increase the
fluidity.

Unlike other oil crops, microalgae grow pretty
quickly and most of them are fairly rich in oil. They can
multiply twice their biomass within 24 h. In some
microalgae, lipid quantity can exceed 80% by weight of
dry biomass.*”“° The proportion of algae lipid generally
ranges from 20 to 80% varying from species to species.
Medium  composition,  temperature,  illumination
intensity, the ratio of light/dark cycle and aeration rate
can affect the composition and fatty acid profile of lipids
extracted from particular algal species.47 Some certain
microalgae can accumulate the substantial amounts of
lipids up to 50% of dry cell weight,”® which is 40 times
more oil per acre than other plants used for biodiesel.*®
There are numerous microalgae species including high
lipid on the basis of dry weight, for instance
Dunaliellatertiolecta (37-40%), Chlorella protothecoides
(38-51%), Chlorella ellipsoidea (84%),
Botryococcusbraunii (68%-74%), Nitzschia (49-51%),
Nannochloropsis sp. (39-42%), Schizochytriumsp (50-
77%) and Neochlorisoleoabundans (35-54%) (Table
2).%% Microalgae producing lipid with higher
triglycerides more opt for the biodiesel production43
because triglycerides are the main lipid class for
biodiesel. The synthesis of triglycerides in microalgae
may provide of the formation of acetyl coenzyme A in
the cytoplasm, the denaturation, and elongation of the
carbon chain of fatty acids and the biosynthesis of
triglycerides.29 Above all, the development of new algal
species by genetic recombination should be considered
that for higher triglyceride synthesis, fast reproduction
ability, and more lipid accumulation capacity.
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In place of microalgae, lipid-producing heterotrophic
microorganisms grown onnatural resources of organic
carbon such as sugar isconsidered to be used for
biodiesel production; yet, heterotrophic production of
lipid is not as effective as photosynthetic microalgae
production.”>* Forwhy, the prolongable organic carbon
sources for heterotrophic microorganisms are constructed
by crop plant photosynthesis. The production of algae
lipids is related to the fact that high amounts of lipid-rich
microalgae biomass can be produced inexpensively
compared to the other organisms.43 Commonly, both
organic carbon sources such as glucose, acetate, etc. and
inorganic carbon (CO,) can beusedby microalgae for the
production of lipids.”’

Microalgae usually contain long-chain fatty acids like
C20 and C22, and the ratio and type of fatty acids vary
from species to species. Generally, short-chain fatty acids
like C14 and C18 carbon-containing which are the main
constituentsof biodiesel are predominant fatty acids in
Chlorella sp.; however, hydrocarbons and high amount
of long-chain fatty acids can be seen in some particular
microalgaespecies. Therefore, it is essential to distinguish
convenient microalgae species as raw materials for
biodiesel production. Microalgal lipids are contrary to
most vegetable oils in being pretty rich in PUFA with
four or more double bonds.”> For instance,
docosahexaenoic  acid (DHA, (C22:6w3) and
eicosapentaenoic acid (EPA, C20:503) can be found in
algal oils. Fatty acids and FAME with four and more
double bonds are vulnerable to oxidation during storage
and for this reason, their suitability for biodiesel becomes
decreasing. Some vegetable oils such as canola oil
containing large proportions of C18:206 and C18:3®3
have also this problem. Even though these fatty acids
have much higher oxidative steadiness compared with
C22:6w3 and C20:5w3, the European Standard Institute
limits C18:2w6 and C18:3w3 methyl esters content in
biodiesel for the vehicle to 12% (mol).* The fatty acid
content of some important algae has been emphasized in
many studies. For instance, Nannochloropsis sp.
Contains 28.83% C16:0, 32.93% C16:107 and 21.16%
C18:1w9; Chlamydomonasreinhardtii contains 23.77%
C16:0, 25.49% C18:3w3; Scenedesmus sp. contains
18.42% C16:0 and 49.64% C18:109 (Table 3). The high
content of saturated and monounsaturated fatty acids in
these algae indicates that they may be a good raw
material for biodiesel.

One of the essential macro nutrients in the production
of lipids is nitrogen. Complex nitrogen source can be
better to simple nitrogen source in the heterotrophic
culture of microalgae due to providing vitamins, amino
acids, and essential growth factors. For the cultivation of
microalgae, industrial nitrogen-rich wastewater can also
be evaluated. Diluted monosodium glutamate waste is
well treated as an inexpensive fermentation medium for
Rhodotorulaglutinis to synthesize lipids.**
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Table 2.Total lipid concentration of some popular microalgae
4349
based on % dry weight

Total lipid

Algal species content

(% dry weight)
Anabaena cylindrica 4-7
Aphanizomenonflos-aquae 3
Arthrospira maxima 6-7
Botryococcusbraunii 68-74
Chlamydomonasrheinhardii 21
Chlorella pyrenoidosa 2
Chlorella ellipsoidea 84
Chlorella vulgaris 14-22
Dunaliellabioculata 8
Dunaliellasalina 6
Euglena gracilis 14-20
Porphyridiumcruentum 9-14
Prymnesiumparvum 22-38
Scenedesmusdimorphus 16-40
Scenedesmusobliquus 12-14
Scenedesmusquadricauda 21
Spirogyra sp. 11-21
Spirulina maxima 6-7
Spirulinaplatensis 4-9
Synechococcus sp. 11
Tetraselmismaculata 3
Chlorella sp. 28-32
Chlorella protothecoides 38-51
Crypthecodiniumcohnii 20
Cylindrotheca sp. 16-37
Dunaliellaprimolecta 23
Dunaliellatertiolecta 37-40
Isochrysis sp. 25-33
Monallanthussalina >20
Nannochloris sp. 20-35
Nannochloropsis sp. 39-42
Neochlorisoleoabundans 35-54
Nitzschia sp. 49-51
Phaeodactylumtricornutum 20-30
Schizochytrium sp. 50-77
Tetraselmussueica 15-23

Many microalgae have increased the lipid content even
further by nitrogen restriction. In a study, it has been
stated that Prophyridiumcruentum canduplicate its total

lipid content especially neutral lipids, under nitrogen
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starvation.” Also, a study of microalgae has showed that
Chlorella pyrenoidosa can be induced to accumulate 70%
of its dry weight as lipids by nitrogen starvation.”
Nonetheless, nitrogen starvation cannot always finish in
aboost in total lipid content in microalgae but canalter
their lipid composition. Zhila and co-workersl® reported
that the algae Botryococcusbraunii deposited high
content (28.4-38.4%) of Cl18:1w9 under nitrogen
limitation, however, the scope of total lipids and
triglycerides did not change.

2.4. Composition of rendered oils and fats as a
feedstock for biodiesel

The annual percentage of recycled vegetable oil
obtained from potato processing plants, cookie factories,
fast-food restaurants, industrial deep fryers is often more
than expected. If all of this can be recycled, it can be
protected partly the petroleum fuel in place.Waste
cooking oil is mostly obtained from large quantities of oil
used for fried food, since it needs full immersion of the
food at temperatures above 180°C. The high temperature
causes the changes in the chemical and physical
composition of the oil and food, and in its organoleptic
features which affect both the oil and foodquality.*
Physically and chemically altered oils and fats directly
affect the productivity and quality of the biodiesel.
Increasing FFA and unsaturated fatty acid chains are
undesirable molecules in oils and fats during biodiesel
production.

Recently, the rendered animal fats have got attention
as raw material for biodiesel industry, because they are
easily obtainable may be found in excess quantity with
relatively low-priced in regions with excessive livestock.
Most of the waste cooking oil collected from eating
houses and food-service places contain animal fats.
Biodiesel produced from animal-originated fats by a
transesterification includes substantial quantities of long-
chain saturated FAME, resulting in low temperature
properties. Another hardship is that the waste of animal-
derived fats comprises larger quantities of FFA than
waste vegetable oil, and the FFA forms soap in the
reactions with the alkaline catalyst reducing biodiesel
efficiency.63 The soaps can stop to the separation of the
biodiesel from the glycerine fraction. An alternative
arrangement is to use acid catalysts, which can esterify
FFA.* Black and yellow greases are present among the
important industrial waste fats. Black greases are
elucidated loosely as greases arising from sewage or
other unusual oil sources. It has a low conversion factor
to biodiesel on account of its high FFA content. Brown
greases are largelydescribedas a composition of greases
and obtained from the slaughter industry. Yellow greases
consist of the oils and greases coming fromthe fast-food
industry.”® Many investigations have been carried
through the fatty acid composition of rendered fats and
oils. It is not possible to give clear information about the
fatty acid content of rendered oils. Because the fatty acid
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Table 3. Lipid composition and fatty acid profile of some strains of microalgae (1 and 4%, 2 and 3%, 5°¢, 6°°, 7°° | 8°)

(based on % wet weight)

Microalgae C16:0 Cl6:107 C18:0 Cl8:109 C18:206 C18:303 SFA MUFA PUFA

1. Chlorella wlgaris 14.55 1.18 1051  23.62 138 321 2506 248 459

2. Scenedesmussp. 18.42 231 3.43 49.64 11.30 826  21.85 5195 2282

3. Nannochloropsis sp. 28.83 32.93 0.98 21.16 2.24 - 35.18 54.09 8.57

4. Chlamydomonas 23.77 1.94 4.41 19.73 6.58 25.49 1818 22.88  32.07
reinhardtii

5. Chlorococcumsp. 19 4 3 63 4 - - - -

6. Monoraphidiumsp.  22.6 . 12 . 4.2 42.2 23.8 - 68

7. Neochloris 2330 0.6-35 09-11  30-43  18-23 5-12 . . ;
oleoabundans

8. Selenastrum 45.62 5.96 ; 4.27 11.75 ; 48 10 17

capricornutum

compositions of the rendered oils mostly depend on raw
material types.

Rendered waste oil contains decomposition products
which degrade the quality of the oil and leads to a loss of
efficiency in  the  transesterification  reaction.
Accordingly, this can cause unwanted by-products,
damaging the final output. Therefore, it is significant to
refine rendered waste oil for biodiesel production. Such
purification has an effect of 67% to 87% in reaction yield
after bleaching. The processes that can be applied to
assess the adequacy of waste oils are de-acidification,
filtration, neutralization, and bleaching. The processes of
de odorization and degummingare are not required since
the oils have been treated previously before use.
Although odors appear during degradation, its removal is
not requisite for the biodiesel production.®”

The rendered oils and fats must have a low acid
amount, to prepare high yielding esters to use alkaline
catalysis. The acid amount is an indication of the number
of acidic functional groups in a sampleand is evaluated in
terms of the quantity of potassium hydroxide which is
needed to neutralize the sample. In the alkali-catalyzed
transesterification reaction, the FFA is converted into the
ester by reaction with the catalyst to form soap. In acid-
catalyzed processes, the reaction of FFA with alcohol
forms ester, and water is produced which restricts the
transesterification of triglycerides.64 The association
between  free FFA level and triglycerides
transesterification in the course of acid-catalyzed
biodizelis investigated in a study.The sample compounds
were made ready by adding C16:0 to soybean oil to
acquire FFA level of 5-33%. The transformation rate of
soybean oil to methyl ester decreased from 90.54%
to 58.77% as the FFA level rosefrom 5% to 33%."

2.5. Composition of yeast and bacteria lipids as a
feedstock for biodiesel

In recent years, very important and comprehensive
researches have been done on biodiesel production
capacities of  microorganisms. Most of the
microorganisms, particularly yeast and bacteria, are seen
as a hopeful source for obtaining high-value lipids and
supply considerable advantages over conventionally used
vegetable or animal-based oils and fats. The yeasts can
produce lipids in a very short time with a low cost.
Additionally, bacteria have a less complicated genome
and metabolism and can produce a wider variety of lipids
than multicellular eukaryotes. On the other hand, they
can generally be genetically altered more readily to
obtain optimized strains that increase further the
prolificacyof the entire process.”®®” The production of
"third-generation biofuels” purposes to create efficient
processes for the production of the lipids obtained from
organic wastes of microorganisms. In some studies, it is
expressed that special anaerobic microorganisms
accumulate lipid of triglycerides during wastewater
treatment.®® Oleaginous photosynthetic microorganisms
efficientlyconvertcarbon dioxideto lipids via
photosynthesis. It is known that microalgaestore
triglycerides under nutritional and environmental stress,
some cyanobacteria accumulate lipid in the form of
diglycerides in significant quantities on their thylakoid
membranes and may even be genetically engineered to
provide overproduction of FFA.”

In a paper on yeast, with some applications, yeast
could accumulatelipids up to37% of its dry weight,
which is normally around 5%. It has been found that
biodiesel produced by yeast has a very similar structure
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compared to biodiesel generated with animal or plant-
based raw materials in which C16 and C18 fatty acid
chains are predominant. Furthermore, the study stated
that FAME obtained from yeast grown under normal
condition showed only four distinguished peaks of
C16:0, Cl6:10w7, C18:0 and C18:1w9; whereas, the
product of yeast cultivated in metabolic stress
circumstances has given peaks of C16:0, Cl16:107,
C18:0, C18:109, C18:2w6, C20:0 and C22:0 of FAME
along with several other peaks of structural lipids. In the
experiment, the cells were forced to accumulate lipids by
stress condition, so the concentration of the fatty acids
had increased up to detectable quantities.”” With stress-
based experiments and genetic modifications applied to
the yeast, these microorganisms could allow them to
accumulate higher lipid concentration. So that biodiesel
can be obtained more cheaply and easily in the future.
Like yeast, bacteria also accumulate high amount of
lipid in their bodies. For instance, the bacteria such as
Arthrobacter, Dietzia, Gordonia, Nocardia,
Rhodococcus, and Streptomyces have the ability of
accumulation of triglycerides in significant amounts as
intracellular storage deposits. However,
Rhodococcusopacusis commonly known with impressive
triglycerides content of up to about 80%. At the same
time, it is seen as a very encouraging strain for industrial
lipid production by rapid growth, the acceptance of high
substrate tolerance and a large carbon source.”* Though
Arthrobacter was announced several years ago to gather
similar high quantity, this strain has not been employed
in further studies. Gordonia or Rhodococcus strains
expresslyseem suitable for the conversion of industrial
waste materials for examplewastes from agro-industrial
processes, molasses, dairy wastewater, etc. or
lignocellulose hydrolysates, whilst a Streptomyces can
make use of cellobiose to build up to 50% fatty acids.
Unlike triglyceride synthesized by Rhodococcus, which
are primarily composed of straight-chain of C16 and C18
fatty acid molecules, Streptomyces obtain the special
capability to synthesize branched-chain fatty acids.”"
As an alternative, ethanol can be used to get biodiesel
from fatty acid ethyl esters (FAEE), which can exhibits
superior physicochemical properties as per FAME, while
a large majority of biodiesel is now produced with
methanol derived from fossil sources to produce
FAME." In a study, some initiatives were under taken to
entirely synthesize FAEE de novo from irrelevant carbon
sources in Escherichia coli. In a study, the over
expression of a WS/DGAT gene was normallyjoined
with the ethanol synthesis pathway from Zymomonas
mobilis.” Up to now, the highest FAEE amounts of 1.5
g I*have been obtained only in glucose and small-scale
cultivations. The major handicap of Escherichia coli
isthat it could not metabolize lignocellulose, but the first
evidence of passage could be obtained by establishing an
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optimized strain using switchgrass hydrolysis.76

Another important property of bacteria is that they
can synthesize branched fatty acids. Biodiesel produced
from branched fatty acids has advantages over biodiesel
produced from other feedstock. In a study, it is stated that
the synthesis of fatty acid alkyl esters frombranched
short-chain  alcohols and branched fatty acids
(e.g.isoamyl alcohol or isobutanol); making use of the
biosynthesis pathway for branched-chain amino acid
synthesis is getting importance recently. There are
advantages of biodiesel produced mainly from branched
fatty acids found in microorganisms. For instances,
branched fatty acid esters exhibit improved quality at low
temperatures, where conventional biodiesel generally has
relatively low efficiency. On the other hand, the synthesis
of branched FAEE is still not achieved in significant
quantities.  Alternatively,  bacteria  incorporating
inherently branched fatty acids into triglycerides such as
Streptomyces may befavorable for biodiesel production
with a mixture of branched and straight-chain fatty acid
remnants.’’

3. COMMON TRANSESTERIFICATION
REACTIONS FOR BIODIESEL

Vegetable oils or animal fats are not prefered to be
used directly as fuel. They have high viscosity, and it is
necessary to keep down their viscosity to use them in a
common diesel engine. There are generally four methods
used to reduce the viscosity; blending with petrodiesel,
pyrolysis, micro-emulsification, and transesterification.
The products produced by the transesterification reaction
are generally known as biodiesel.”°Biodiesel is usually
obtained by transesterification of fats and oils from lipid-
containing raw materials such as soya, safflower, corn,
palm, rapeseed, sunflower, jatropha, pongamia,
cottonseed, tallow, lard, yellow and brown grease,
cooking and waste oils. Clearly speaking,
transesterification is done by  monoglycerides,
diglycerides and triglycerides from the almost all types of
lipids of raw materials and can be affected by various
factors including raw material composition, catalyst type,
catalyst ratio, content of FFA, water concentration, the
ratio of alcohol to triglycerides, alcohol type, pressure,
temperature, mixing time, etc. Many studies have
evaluated the variables that affect fatty acid alkyl esters
known as biodiesel yields and their interactions.’*®*

The transesterification is the reaction of fats or oils
(mostly 15 and 23 carbon atoms containing glycerides)
with alcohol of low molecular weight (CH3OH or
C,HsOH) by usingan alkaline, acidic or enzymatic
catalyst, to produce fatty acid alkyl esters and glycerine.
Triglycerides areconverted todiglycerides followed
bymonoglycerides and at last glycerol. One molecule of a
fatty acid alkyl ester is produced at each step.
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Figure 1.Transesterification of triglycerides to biodiesel.**

The transesterification process consists of three
continuous steps: firstly, the conversion of triglycerides
to diglycerides, secondly the conversion of diglycerides
to monoglycerides and then lastly, the transformation of
monoglycerides to fatty acid alkyl ester and glycerine.27
One fatty acid alkyl ester molecule is produced from
each conversion of fats and oils by alcohol as shown in
Figure  1.**  When methanol alcohol  opts-in
transesterification reaction, the process is called
methanolysis and the product is known as FAME;
however, when ethanol alcohol is used, the process is
called ethanolysis and the product is known as FAEE.
Methanolysis is the most common process for producing
biodiesel.

Generally, acid, alkaline and enzymatic catalysts are
used to increase the rate of transesterification reaction.”’
Using the right catalyst may affect the rate of reaction,
purification process and quality of biodiesel.”” FFA can
react with the alkaline catalyst to form water and soap,
which leads to the loss of the alkaline catalysts during the
reaction. For this reason, additional catalysts should be
added to compensate for the catalyst loss to soap. If the
FFA level is over 5%, the produced soap will prevent
disconnection of the methyl esters and glycerol from
each other, resulting in emulsion formation during the
water washing. Thereby, it is essential to convert FFA to
methyl esters firstly to decrease their contents, and then
transesterification is carried out with an alkaline catalyst
to convert the pretreated triglycerides with low FFA to
methyl esters.On the contrary, the enzymes used in
transesterification are well tolerated at FFA proportion of
the raw material, but the enzymes increase the cost and
may not ensurethe required degree of reaction.”
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3.1. Alkali catalyzed transesterification

Alkali-catalyzed transesterification of triglycerides is
nearly 4000 times faster than the acid-catalyzed reaction.
Alkali-catalyzed transesterification requires a lower
amount of catalyst to accomplish the reaction. Sodium
hydroxide (NaOH) and potassium hydroxide (KOH) are
regularly used as commercial catalysts at a percentage of
about 1% by weight of oil or fat. Alkoxides like sodium
methoxide (NaOCHs3) are even better catalysts. Use of
lipaseprovidesimportant  benefits, however are not
currently practicableon account of the relatively high
price of the enzyme catalyst.”* On the other hand,
alkaline catalysts sometimes have drawbacks. Especially,
they are very sensitive to the lipid raw materials and need
a pretreatment to enhance the transesterification purity,
mainly by operating in batch mode by needing large
reaction times to obtain a complete transformation of oil,
and also has complex biodiesel purification stages after
the reaction.”*® Alkaline catalysts produce soap from
FFA in oils and fats. For this reason, if the lipid contains
a high amount of FFA, it is not suitable for biodiesel
production by an alkaline catalyst.™® With the high
amount of alkaline catalyst, alkaline will react with the
fatty acids and form emulsions between water and soaps
molecules. More soap will be produced which consume
the catalyst and reduces the catalytic efficiency as the
catalyst concentration increases. When the high
concentration of KOH is wused as catalyzier,
crudebiodieselwill be purified by was hing with
sodiumchloride (NaCl) solution.”® Saponification will
also bring other problems such as the formation of
gels, increases in viscosity and difficulty in achieving
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separation of glycerine. Elimination of these saponified
catalysts is technically arduous and it requires extra
expenditure.87 Alkaline catalysttransesterificationisused
extensivelythroughout the world for vegetable, algal and
used oils with low FFA content despite all these
drawbacks.

Homogeneous alkaline catalysis is mostly used for
biodiesel production because it reacts at low temperature
and high conversion output can succeed in a short
period.” The basic reason for this is that it is kinetically
much  faster  than  heterogeneously  catalyzed
transesterification and is economically effective. Ethanol,
methanol, or butanol is preferred in the reactions to
obtain methyl, ethyl, or butyl esters, respectively.
Generally, the ratio of alcohol and oil is 6:1, at a reaction
temperature of about 60°C if methanol is used, or 70°C if
ethanol is used. The amount of catalyst used in the
mixture is in the range of 0.5-1.0% (W/W).84'85

3.2. Acid-catalyzed transesterification

Direct use of animal fats and vegetable oil is
generally considered to be objectionable because of low
volatility and high kinematic viscosityand leads to
operational problems in a diesel engine, for instance, the
formation of deposits and injector coking due to poorer
atomization in the combustion chamber.”® Different
methods have been devised to achieve sufficient engine
compatibility for high-quality diesel fuels produced from
vegetable oils and animal fats, including derivatization
(transesterification, hydrotreating, and ozonation),
dilution, blending, pyrolysis, gasification, and micro-
emulsification. Transesterification process takes away
glycerol from the triglycerides and alters it with alcohol
mostly methanol. The process reduces the viscosity,
however preservesheating value and the cetane number.”
Transesterification reaction reduces the viscosity of the
lipid to a range (usually 4-5 mm?™) adjacentto that of
petrodiesel.”

In the existence ofwaterand FFA, saponification
reactions occur during alkaline catalysts because FFA
reacts with the alkaline catalyst to produce soap, thus
reduce FAME yield and even inhibit the
transesterification reaction. Therefore, it is more
convenient to use an acid catalyst for transesterification
of triglycerides and esterification of FFA. Strong acid
catalysts are less susceptible to FFA and can perform in
transesterification and esterification reactions
simultaneously. Despite all these advantages, alkaline-
catalyzed reactions are still preferred today, because
acid-catalyzed reactions are much slower than alkaline
catalyzed reactions. During the acid-catalyzed reactions,
the FFA can react with alcohol to form biodiesel and
more suitable for converting FFA with high biodiesel
yield.” High acidic animal fat (more than 2.5% wi/w of
FFA) requires pretreatment to minimize their FFA
content. This is normally fulfilled by acid-catalyzed
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esterification, using methanol as a reagent and H,SO, as
catalyst.”*

The acid-catalyzed transesterification reaction is
usually done by HCI, BF; H;PO, H,SO, and R-
SO,0H.EspeciallyR-SO,0HandH,SO4aremostly utilized
acids. These acid catalysts give very high efficiency in
alkyl esters as biodiesel; however, the reaction is quite
slow, needing temperatures above 100°C and from 3-48
h to catch up complete conversion.” Besides the type of
catalyst used, the type of alcohol used also affects the
rate and efficiency of the reaction. In a study, it was
stated thatsoybean oilmethanolysis in the existence of 1
mol % of H,SO,, with an alcohol/oil molar ratio of 30:1
at 65°C, prolongs 50h to completed reactions (>99%);
whereas, the butanolysis (at 117°C) took 3 h and
ethanolysis (at 78°C) took 18 h with the equal quantities
of catalyst and alcohol.’* In fact, a way of accelerating
these slow-acid catalyzed reactions has been emphasized
in some studies. By the use of an extensive amount of
acid catalyst, transesterification reaction rates may be
increased. In most of the papers, acidic catalyst
percentage (H,SO,) in the reaction mixture varies from 1
to 5 wt %.”" However, the use of acid in such a high
concentration is not preferred because it will ascend the
cost of biodiesel production protein.

3.3. Enzyme catalyzed transesterification

In enzyme-catalyzed transesterification reactions, the
lipase enzyme and alcohol are used to convert lipids to
alkyl esters. Lipase enzymes are mostly obtained from
bacteria and fungi because of their high enzyme yield
and reproducibility in dense quantities. The
microorganisms used to obtain the lipase enzyme are
mostly:  Burkholderiacepacia, Candida antarctica
(Novozyme 435), Aspergillusniger, Bacillus
thermoleovorans, Fusariumheterosporum, F. oxysporum,
C. cylindracea, C. rugosa, Chromobacteriumviscosum,
Getrichumcandidum, Thermomyces lanuginose,
Mucormiehei, Humicola lanuginose, Pseudomonas
cepacia, P. roqueforti, P. aeruginosa, P. putida, R.
arrhizus, P. fluorescens, Rhizomucormiehei,
Oosporalactis,  Rhodotorularubra,  Saccharomyces
cerevisiae and Staphylococcus hyicus,
Penicilliumcyclopium, Rhizopusoryzae, R. japonicus
(NR400), R. stolonifer (NRRL1478), R. chinensis R.
delemr, R. fusiformis, R. circinans.”>% Among these
microorganisms, C. antarctica, C. rugosa, R. miehei, R.
chinensis, P. cepacia, P. fluorescens, R. oryzae and T.
lanuginosa have produced the most effective lipase
enzymes.94 Lipases can be classified based on their
extracellular and intracellular applications. Extracellular
lipases are extracted and purified from organisms; while
intracellular lipases are enzymes that are present within
the organisms.”
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The conventional synthesizing method of biodiesel,
which includes acid and alkaline catalyst, is
accomplished at a high temperature closer to methanol or
ethanol boiling point; therefore some unwanted by-
products such as soap are created.” To put away these
drawbacks, it has been proposed that the enzymes can be
used instead of chemical catalysts owing to their mild
operative circumstancesand high particularity. Besides,
there is no need for feedstock purification because
biocatalysts like lipase can esterify feedstock FFA along
with the transesterification of triglycerides.”” Some

studies have indicated essential data about the
temperature  tolerances of the enzymes from
microorganisms. C. antarctica was fulfilled in a

temperature between 25 and 55°C by methanolysis. The
optimum temperature was detected at 40°C, the
temperature above 40°C leads to a diminution in
conversion.” P. cepaciawas performed in a temperature
extended from 20 to 70°C and found the optimal
temperature to be 50°C after 1 h which decreased to
40°C after 2 h by butanolysis.”® Methanolysis with R.
chinensis enzymes had an optimal temperature of
30°C.”

There are many advantages of using enzymes instead
of acid and alkaline catalysts including absence of soap
formation, producing a higher quality glycerol, ability to
process large variation in raw material, having ability to
esterify both FFA and triglycerides in one stage without
the need for a washing step,works under milder
conditions leading to less energy consumption, andhigh
FFA consisting animal fat and waste oil can be catalyzed
with completely to alkyl esters.”**® On the other hand,
enzymatic transesterification has many disadvantages,
such as longer response time, requiring a higher catalyst
amount to complete the reaction and high fabrication
cost. Additionally, lipase becomes ineffective in 100
days of application, although it can be used repeatedly
after immobilization of the lipase on the carrier.”**

4. CONCLUSIONS

To overcome the energy crisis in the world, the
search for biologically lipid-rich materials for using in
biodiesel productions effectively has attracted much
interest. New modified microbial, animal, algal and
vegetable raw materials are considered positively for
biodiesel production in terms of short development
cycles, high lipid content, and ease of replacement via
biotechnological methods. Raw materials commercially
exploited by countries constitute mostly edible lipids
commonly supplied from soybean, rapeseed, coconut,
corn, palm, sunflower, safflower, etc. It is thought that
the use of such edible oil to produce biodiesel in the
world is not correct because such oils have a big gap in
supply and demand around the world. Increasing pressure
to increase edible oil production also limits the biodiesel
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production. For this reason, many of today's
examinations are related to algae and microbial lipids
which are of great promise for biodiesel.

Generally, short-chain fatty acids like C14 and C18
carbon-containing raw materials are more suitable for
biodiesel productions.Saturated fatty acids have got more
advantages than unsaturated fatty acids because FAME
with four and more double bonds is susceptible to
oxidation during storage, and for this property, their
acceptability for use in biodiesel becomes decreasing.
Less FFA content in the oils or fats is more advantageous
because it prevents the formation of soap. The
importance of lipid content in a high proportion of
acylglycerol provides a greater advantage, even if the
raw material has high oil content.

Biodiesel has several important advantages. Most of
which can be listed as follows: the emission profile of the
biodiesel is much better than petroleum diesel, reducing
emissions of unburned hydrocarbons, sulfates, carbon
monoxide,nitrated polycyclic aromatic hydrocarbons, and
particulate matter. It is non-toxic renewable and
biodegradable fuel, besides it can be used as blended or

pure with petrodiesel in engines without any
modifications. Transportation and storage of the
biodiesel are less dangerous than the petroleum

dieselbecause the flash point temperature of biodiesel is
nearly 170°C, whereas it is 60 to 80°C for petroleum
diesel. The combustion process is better than petrodiesel
and smokeis lesser. It can diminish unburned
hydrocarbons emissions by 90%. Higher lubrication
capacity prolongs engine life. The biodiesel embodies at
least 11% oxygen and it causes better burning than
petroleum diesel. On the other hand, it reduces the
release of PAH (Polycyclic aromatic hydrocarbons)
(cancer-causing compound). The CO, releasedfrom
biodiesel combustion is an approximate amount for
photosynthesis of plants. In other words, the vegetable
oil carbon percentage is nearly 77.8%, the average
percentage of animal fats is 76.1%, whereas carbon
percentage of fossil diesel is 86.7%.

To sum up, biodiesel production recently has
attracted much attentiondue to its many advantages over
traditional energy sources. At present, the high cost of
oily raw materials is the main problem preventing
commercial biodiesel production. For this reason, to
develop new transesterification technologies and to
obtain cheap raw materials that are rich in fat or oil
content seem like the most important solution for an
efficient biodiesel production.
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ABSTRACT

The human granulocyte colony stimulating factor (hG-CSF)
is a member of the CSF family. The first purpose of this study
was production of recombinant human G-CSF (rhG-CSF)
which is an important therapeutic protein for angiogenesis
based clinical applicaitons. rhG-CSF was produced as inclusion
body in the Escherichia coli strain BL21 (DE3) pLysE with
pTOLT vector system. The rhG-CSF was purified by Ni-NTA
agarose afinity chromatography and characterized with SDS-
PAGE analysis. The effects of this therapeutic protein on cell
viability was measured by MTT assay. Additionally,
angiogenic potential of produced rhG-CSF was investigated via
HUVEC cell line by in vitro scratch assay. As a result, the
purified protein induced cell proliferation and the EC50 value
of protein based drug candidate was 0.051 mM. Additionally, it
was determined that the migration ability of the HUVECs was
promoted by rhG-CSF in a concentration-dependent manner by
in vitro scratch assay.

Keywords: Granulocyte colony stimulating factor, recombinant
proteins, angiogenesis, cell proliferation.

Hematoloji ve onkoloji igin protein esasli bir
ila¢ aday1 olarak rekombinant insan G-CSF
tretimi

0z

Insan graniilosit koloni uyarict faktér (hG-CSF), CSF
ailesinin bir {iyesidir. Bu ¢alismanin temel amaci, anjiyogenez
bazli klinik uygulamalar i¢in 6nemli bir terapétik protein olan
rekombinant insan G-CSF (rhG-CSF)’ sinin iiretimi olarak
belirlenmistir. rthG-CSF, bir Escherichia coli susu olan BL21
(DE3) pLysE’de pTOLT vektor sistemi ile inkliizyon cisimcigi
olarak dretilmigtir. rhG-CSF, Ni-NTA agaroz afinite
kromatografisi araciligiyla saflastirilmis ve SDS-PAGE analizi
ile karakterize edilmistir. Bu terap&tik proteinin hiicre canliligt
iizerine etkisi MTT testi ile degerlendirilmistir. Ek olarak,
iiretilen thG-CSF’nin anjiyogenik potansiyeli, HUVEC hiicre
hatti ile gergeklestirilen in vitro ¢izik analizi ile arastirilmustir.
Sonucta, saflastirilmis  proteinin  hiicre  proliferasyonunu
arttirdigl gorlilmiis ve protein temelli bu ilag adaymin EC50
degeri, 0.051 mM olarak hesaplanmustir. Ek olarak, HUVEC

hiicrelerinin ~ migrasyon  yeteneklerinin ~ thG-CSF  ile
konsantrasyona bagli bir sekilde arttig1 belirlenmistir.
Anahtar Kelimeler: Graniilosit koloni uyarict faktor,

rekombinant proteinler, anjiyogenez, hiicre proliferasyonu.

1. INTRODUCTION

The human granulocyte colony stimulating factor
(hG-CSF), a glycoprotein, is a member of the CSF
family.l’3 It is a cytokine which have many functions
such as stimulating of hematopoiesis and production of
bone marrow neutrophilic granulocyte colonies.” A
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recombinant form of G-CSF is used to accelerate the
treatment success of neutropenic after chemotherapy and
allow higher-intensity treatment regimens in some cancer
patients in oncology and hematology. Angiogenesis is
the new blood vessel formation that occur with
proliferation and migration of endothelial cells. These
cells form the inner surface of the blood vessels that feed
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the other surrounding cells with oxygen and nutrients.
The effect of G-CSF on these cells is rarely investigated
and the results are still uncertain.’ According to this
comprehensive application, the rhG-CSF has been
expressed in various expression host systems. Three
forms of it are suitable for clinical use: a glycosylated
form obtained by expression in mammalian cell line
(Chinese Hamster Ovary ) (such as Lenograstim), a non-
glycosylated form expressed in an E. coli expression
system (such as Filgrastim and Nartograstim) and
second-generation G-CSF (such as Pegfilgrastim).”®
Researches on the cloning, expression and purification of
rhG-CSF have been carried out in order to eliminate the
limitations of production efficiency and cost. Because in
the pharmaceutical industry, the production of
bioproducts requires a simple and cost-effective process
that includes easier steps with high throughput.
Therefore, studies on the expression of recombinant rhG-
CSF using various expression hosts such as P. Pastoris,
1191 in tobacco BY-2 cells,™ in S. cerevisiae “and in P.
fluorescens ** by a number of research group have been
performed (Table 1).

E. coli is a frequently used host for the production of
recombinant protein.lz’13 Additionaly, the advantages of
a low-cost and fast high density cultivation, and the
availability of several of cloning vectors and enginereed
host strains enable E. coli to provide an average for the
high yield and economic production of recombinant
proteins.””'® Nevertheless the E. coli recombinant
protein production system has several disadvantages.
For instance, overexpression of recombinant proteins in
E. coli often results in insoluble and nonfunctional
proteins, so called inclusion bodies (IBs)."” Various
techniques are used to solve this problem, such as the
use of different promoters and host strains, coexpression
of chaperones and optimization culture conditions.”***
On the other hand, the production of the recombinant
protein referred to as inclusion body has not only
disadvantages, but also has some advantages.”'® The
primary advantage is the ease of purification of IBs and
it contains high degree purity of target protein."’
Additionally IBs are often an advantage when the yield
of the native protein is low because of extensive
proteolysis. "

In this study, codon-optimized mature hG-CSF gene
was cloned into our patented inducible high-copy pTOLT
expression plasmid and rhG-CSF-TolA-I11 fusion protein
was produced as inclusion body in the E. coli strain
BL21 (DE3) pLysE. In the pTOLT vector, the proteins
bind to the C-terminus of TolAlll by a short linker
containing the thrombin recognition site. Furthermore it
also carries an N-terminal 6xHis-tag for the purpose of
purification. TolAlll is small domain that is achieved
high product yields as a soluble protein in the cytoplasm
of E. coli. Thus, pTOLT, in which the TolAlll domain is
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used as a fusion protein partner, is an expression vector
with remarkable properties that enable proteins to be
expressed at high levels in recombinant cells in a host
cell. Up to 90 mg fusion protein per liter bacterial culture
was obtained using pTOLT vector.'*" Obviously human
G-CSF protein has been recombinantly produced using
several prokaryotic expression vectors (Tablel), but no
recombinant human G-CSF (rhG-CSF) production using
the pTOLT vector system. Using this vector system, it is
aimed to produce hG-CSF in E.coli in higher amount.
Because the increased production of recombinant
proteins is important to obtain a higher amount of
functional product per unit volume and per unit time.

In this context hG-CSF was produced as inclusion
body. At first, IBs were isolated, IBs were solubilized
and refolded. Finally, the hG-CSF was purified by Ni-
NTA agarose  afinity  chromatography.  Then
recombinantly produced hG-CSF was tested on human
umbilical vein endothelial cells (HUVECSs) at different
concentrations to understand the effect of G-CSF on
endothelial cells. Additionally, the cell migration process
which is the crucial step for angiogenesis was
investigated by an in vitro scratch assay. This assay is an
easy, inexpensive and well-developed technique for the
investigation of cell migration in vitro.*

2. MATERIALS AND METHODS

2.1. Codon optimization and Construction of G-CSF
expression plasmids

In this work, codon optimization was performed with
the aim of the gene expression in desired level in E. coli.
To improve the expression levels of the hG-CSF gene,
the gene sequence was recoded on the basis of the codon
preference characteristics of E. coli K12 organism,
without differentiating the amino acid sequence of the
corresponding proteins. Online optimization software
[Java Codon Adaptation Tool (JCat)] was used for codon
design. The nucleotide sequence of the hG-CSF protein
optimized for the E. coli organism is given in Figure 1.
Plasmid containing the optimized G-CSF coding nucleic
acid sequence was purchased from BIOMATIK (Clone
ID: S2543-2, Gene ID: L5165K). DNA sequence
encoding for G-CSF was amplified using spesific primers
which are contained Sacl and Kpnl restriction sites
(Table 2). The PCR amplification product was inserted
into pTOLT expression vector (Figure 2), that added a N-
terminal six-histidine tag, using Sacl and Kpnl restriction
sites. E. coli DH5a cells which is the host strain for
cloning were transformed with the pTOLT-G-CSF
plasmid. Transformation mix were spread on LB agar
culture plates including ampicillin (0.1 g mI™) and they
were incubated at 37°C overnight. After transformation,
plasmids isolated from positive clones were screened by
PCR and then analyzed by DNA sequencing.
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Expression host Expression Soluble/Insoluble rhG-CSF Referance
vector Form concentration
E. coli BL21 (DE3) pET23a Inclusion body - 17,18
(insoluble)
E. coli BL21 (DE3) pET22b Inclusion body 60 ug ml™* 21
(insoluble)
E. coli BL21 (DE3) pET28a - - 22
E. coli M15 pQE3 Inclusion body - 3
(insoluble)
P. pastoris strain GS115 pPIC9 Soluble 31mgl* 23,24
P. pastoris strain pPICZa Soluble 50.66 ug ml™ 25
SMD1168H
Saccharomyces cerevisiae pIL20GC Soluble 232.7mg I 6
Aspergillus niger pAN56-2M Soluble 5mg I* 1
Pseudomonas fluorescens Soluble 350 mg I 26
strain DC454
Tobacco Bright Yellow-2 pMDC83 Soluble 419mgl? 27
(BY-2) cells pMDC43 Soluble 17.89 mg I 27

Table 2. Oligonucleotides employed to obtain the DNA sequence of HG-CSF by PCR amplification

Primers

Sequence

GCSF Sacl TolT sense

GCSF Kpnl TolT antisense

TTTTTGAGCTCATGGCAGGCCCTGCT

TTTTTGGTACCTCAGGGTTGGGCCAA

94
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wild ATGGCCGGCCCCGCCACCCAGAGCCCCATGAAGC TGATGGCCCTGCAGCTGCTGCTGTGG 60

optimize ATGGCTGGTCCGGCTACCCAGTC TCCGATGAAAC TGATGGC TCTGCAGCTGCTGCTGTGG 60
HEREEE =8 A% 2% Anuunw BE SAAAS AEARAAEER AAAARAAAAEREEREEEES

wild CACAGCGCCCTGTGGACCGTGCAGGAGGCCACCCLCC TGGGCCCCGLCAGCAGCCTGLCC 120

optimize CACTCTGCTCTGTGGACCGT TCAGGAAGC TACCCCGCTGGGTCCGGCTTCTTCTCTGLCG 120
a“nn BE SAARAAAARAN EEEER AR SRR EREEEER BN w2 _Emes

wild CAGAGCTTCCTGCTGAAGTGCC TGGE - - AGGTGCGCAAGATCCAGGGCGACGGLGLCGLC 178

optimize CAGTCTTTCCTGCTGAAATGCC TGGAACAGGT TCGTAARATCCAGGGTGACGGTGCTGCT 180
“aaw BERRARAAEAR BREREAES SRS AR AN AESRRARR ARARE B e

wild CTGCAGGAGAAGCTGGTGAGCGAGT GCGCCACCTACAAGC TGTGCCACCCCGAGGAGCTG 238

optimize CTGCAGGAAAAACTGGT TTCTGAATGCGC TACC TACAAAC TGTGCCACCCGGAAGAACTG 242
BARERERESE =% Saaan B SARAS SRR AREN ERESEAARRAAS AR AR A

wild GTGCTGCTGGGCCACAGCCTGGGLATCCCCTGGGCCCCCCTGAGCAGC TGCCCCAGCCAG 298

optimize GTTCTGCTGGGTCACTCTCTGGGTATCCCGTGGGCTCCGCTGTCTTCTTGCCCGTCTCAG 300
AR REEREEEE A BRAEEE SRS AARAE AR mxn Saann LA A

wild GCCCTGCAGCTGGCCGGCTGCCTGAGCCAGC TGCACAGLGGCCTGTTCCTGTACCAGGGE 3s8

optimize GCTCTGCAGCTGGCTGGTTGCCTGTCTCAGCTGCACTCTGGTCTGTTCCTGTACCAGGGT 260
SR SAEREERRARES AR AEEEEns LA AR R L L L L R AR RRARARRAARREREEEE.

wild CTGCTGCAGGCCCTGGAGGGCATCAGCCCCGAGL TGEGCCCCACCCTGRACACCCTGLAG 218

optimize CTGCTGCAGGC TCTGGAAGGTATCTC TCCGGAACTGGGTCCGACCCTGGACACCCTGCAG 420
SARNEAREREEES SREER Bn e BE A0 AEAAE AF SRR ARARRREEEES

wild CTGGACGTGGCCGACTTCGCCACCACCATCTGGCAGCAGATGGAGGAGC TGGGCATGGLC 478

optimize CTGGACGTTGCTGACTTCGC TACCACCATC TGGCAGCAGATGGAAGAACTGGGTATGGCT 480
SANEAEES B8 SAAAAAAE SRR RAAAAAAAAERREREEES A% ARAER BEEEs

wild CCCGLCCTGCAGCCCACCCAGGGLCGCCATGCCCGLCTTCGLCAGCGCCTTCCAGCGLCGE 538

optimize CCGGCTCTGCAGCCGACCCAGGGTGC TATGCCGGCTTTCGCTTCTGCTTTCCAGCGTCGT 522
AR AN SEEEEARS SRAAARAEE BEF AEEAS AR AEEEs B8 ARssmEaE a»

wild GCCGECGGCGTGCTGGTGGLCAGCCACCTGCAGAGC TTCCTGGAGGTGAGC TACCGCGTG s98

optimize GCTGGTGGTGTTCTGGTTGCTTCTCACCTGCAGTCTTTCCTGGAAGT TTCTTACCGTGTT coe
R AR AR R BAREE ww LA A A A L L HERREEES

wild CTGCGLCACCTGGCCCAGCCC 619

optimize CTGCGTCACCTGGCTCAGCCG 621

Figure 1. The multiple alignment of optimized and wild-type DNA sequence of G-CSF by using Clustal W2 program.

a == B

Il o

Kpnl

MHHHHHHSSN ,,,-P,,, GGGSXXXXX (X) GSGT

BamHI Sl  Sacl I Ndel  Not ol
pTOLT ggt ggg gga tet ctg gtt ceg cge gga tec [N gag cte &u tat cBEEEEEEE tga tga
R G

GG G S IBVMEBEBR G S RPE LRAPYGG

Figure 2. pTOLT cloning region.13
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2.2. Protein expression

In this work, the host cell E. coli strain BL21 (DE3)
pLysE (Novagen, Inc.) was used for rhG-CSF
expression. This strain was transformed by recombinant
plasmid pTOLT-G-CSF. Transformed cells were spread
on several LB agar plates including both 0.1 mg ml*
ampicillin, chloramphenicol (34 ug m I"") and grown at
37°C overnight. One colony of BL21(DE3) pLysE
recombinant was cultivated in 4ml of selective LB
medium and was grown at 37°C, with shaking (240 rpm)
for 16 h. This overnight culture was inoculated into 600
ml of selective LB and incubated at 37°C with shaking
(240 rpm) until the ODgg was 0.6. The expression of
recombinant hG-CSF was induced by IPTG and then the
cultures were grown for an additional 3 h. The culture
was harvested by centrifugation and the cell pellets were
resuspended in buffer A (100 mM Tris-HCI buffer (pH
7.0) containing 1 g I'* lysozyme, 1 mM PMSF and 1mM
benzamidine. The bacterial cells were lysed using a
sonicator (Sonics VCX 130), soluble and insoluble
fraction were separated via centrifugation (Vision VS-
30000i) at 30.000 rpm for 1 hour at 4°C.

2.3. Refolding and recombinant G-CSF purification

The 1Bs were resuspended in 10 ml (5 ml g™ wet
weight pellet) of buffer A containing 5 mM EDTA, 5
mM DTT, 2 M urea, 2% (w/v) triton X-100 and
sonicated four cycle for 5 minutes at 60-65% of the
maximum power in a sonicator (Sonics VCX 130)
followed by centrifugation (27.000 rpm for 20 min at
4°C). The inclusion body wash step was repeated three
times. The washed pellet obtained in previous step was
resuspended in 6 mL of buffer A containing 5 mM
EDTA and 5 mM DTT. And then resiispansion were
shaken on an orbital shaker at 150 rpm at 25°C for 30
min. The washed inclusion bodies were dissolved by
adding a freshly prepared buffer B ( 50 mM Tris-HCI pH
7.0, 5 mM EDTA, 8 M Guanidine-HCI, 5 mM DTT)
dropwise with the aid of a pasteur pipette (4 ml g™ wet
weight pellet). The solution was incubated at 25°C for 60
min with shaking (150 rpm) then solubilized inclusion
bodies were refolded by refolding buffer (100 mM Tris-
HCl pH 8.0, 10 mM DTT, 20% gliserol (w/v) and
incubated 4 hours at 4°C. Refolded G-CSF was dialyzed
against 25 mM, pH 7.8 Tris-HCI buffer containing 100
mM NaCl at 4°C for 16 hours. Qiagen Ni-NTA metal-
affinity chromatographic procedure was used to
prufication of soluble recombinant protein carrying N-
terminal 6x histidine. Purity of rhG-CSF was determined
by 12% SDS-PAGE” and visualized by commasie blue.
The UV absorbance at 280 nm was used to determine
protein concentration.”’

2.4. Investigation of in vitro stimulating effect of rhG-
CSF on HUVEC:s proliferation
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HUVECs were cultured in DMEM with 15% FBS.
These cells were cryopreserved in liquid nitrogen
previously in our animal cell culture laboratory. In vitro
stimulating effect of G-CSF on HUVECs proliferation
was investigated using MTT (3-(4,5-dimethylthiazol-2-
yl)-2,5-diphenyltetrazolium bromide) assay.*’

Isolation of inclusion bodies from E. coli cells

|

Wash

!

Solubilization of inclusion body proteins with 8 M Guanidine-HCI

|

Refolding

4=

Buffer exchange by dialysis

IMAC

!

Prufied GCSF

Figure 3. Steps of the refolding protocol and G-CSF
prufication.

This test was performed at different concentrations
(100-1.62 mM) and cells were left in contact with rhG-
CSF for 48 hours. In this experiment, the cells were
plated in triplicates and treated for 3 hours with MTT
solution (0.5 g I'%). Following the MTT removal after this
incubation period, purple formazan products were
dissolved completely by DMSO. The absorbance of the
colored solution was measured by microplate reader at
570 nm. The results are expressed as the concentration
that stimulates growth of cell by 50% against control
cells (control group received only media without any rh-
G-CSF) EC50 (half maximal effective concentration) and
were calculated by a regression analysis using GraphPad
Prism 6 software for HUVECs.*

2.5. Cell migration assay

In the present study, preliminary investigation was
performed to consider the effect of rhG-CSF on
HUVECs migration by in vitro scratch assay. This test is
used widely to measure migration, as it provides a simple
and economical installation for modelling angiogenesis.
The first step created an artificial wound in a cell
monolayer. In this study, for in vitro scratch assay, the
HUVEC cell suspension was dispensed onto six well cell
culture plate. When the cells reached to 90% confluency
at this plate, the cell monolayer was scraped with p200
pipette tip to create a scratch. The debris was removed
and smoothed the scratched edge by washing the cells
with culture medium. Then cells were incubated with
rhG-CSF containing media of different concentrations
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(100-1.62 mM) which were tested by MTT assay also.
During incubation period (48 hours), cell images were
captured by a phase contrast inverted microscope and
quantitatively analyzed by image analysis software
provided by Olympus. Finally, percent wound healing
was calculated and the results were pIotted.32'33

3. RESULTS AND DISCUSSION

3.1. Codon optimization and Construction of G-CSF
expression plasmids

In this work, rare codon-free hG-CSF gene was
cloned into pTOLT expression vector. Using the
recombinant plasmid containing hG-CSF gene as the
template, the DNA sequences of hG-CSF gene were
amplified by PCR. After running a 2.0% agarose gel, the
amplified fragments were 624 bp, which was consistent
with the reported size of hG-CSF (Figure 4) Sanger
sequencing analysis verified that the DNA sequences
were corrected. Recombinant plasmid containing hG-
CSF gene was used to express hG-CSF protein.

1 2 3 4

1.500
1000

600
500

300
200

100

Figure 4. Agarose gel (2.0 %) electrophoresis result showing
PCR verification of recombinant plasmid pTOLT-G-CSF after
the cloning. Columns 1-2 positive 624 bp product indicates that
G-CSF gene fragment correctly inserted into pTOLT system.
Column 4 A-EcoR I/Hind 111 DNA marker.

3.2. Protein expression, protein
recombinant G-CSFpurification

refolding and

Recombinant hG-CSF was expressed and purified as
described in materials and methods. The molar
absorption coefficient and molecular weight of Tol-A-111-
G-CSF fusion protein were calculated as 32430 M cm™
and 34551.89 Dalton using “ExPASy ProtParam tool”,
respectively. Afterwards the purified Tol-A-I111-G-CSF
fusion protein concentration was determined as 1.78 mg
ml* by absorbance at 280 nm using UV
spectrophotometer (Varian Cary 50). The recombinant
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TolAlll-G-CSF expression was confirmed by SDS
PAGE. The SDS-PAGE analysis showed that the
purified TolAlll-GCSF fusion protein around 34 kDa
(Figure 5) (which corresponds with a theoretical
molecular weight of 34551.89 kDa).

When the image of SDS-PAGE was examined, it was
observed that the protein in the inclusion body form in
the pellet obtained after high speed centrifugation was
quite pure. Therefore, in this study, it is necessary to
optimize these steps in order to minimize protein loss in
refolding and purification stage.

¢ -

.
£l

Figure 5. Coomassie-stained SDS-PAGE (12%) analysis 1.
Bacterial cell lysates before IPTG addition, 2. Bacterial cell
lysates after IPTGaddition 3. total bacterial cell lysate of E. coli
BL21 (DE3)pLyse [pTOLT-hG-CSF] after sonication, 4.
Collected supernatant after centrifugation of the lysate, 5.
Collected pellet after centrifugation of the lysate, 6. BioRad
dual colour precision plus protein marker 7. Refolded Tol-I11-
A-hG-CSF fusion protein 8-9. purified Tol-111-A-hG-CSF
fusion protein.

3.3. Investigation of in vitro stimulating effect of rhG-
CSF on HUVEC:S proliferation

In the present study, HUVECs were cultured until
they reached 70%-80% confluency (Figure 6).

Figure 6. Inverted microscope image taken from HUVECs
(The scale bars indicated 100 pm for x4 magnification).
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Figure 7. In vitro stimulating effect of rhG-CSF on HUVEC cell proliferation.

e A / AT ST

Figure 8. Inverted light microscope images of HUVECSs after scratching (a: 0 hour, b-f: 24 hours). The scale bars indicated 100 um
for x4 magnification (b: untreated control, ¢c: HUVECs incubated with 100 mM G-CSF, d: HUVECs incubated with 25 mM G-CSF,
e: HUVECs incubated with 6,25 mM G-CSF, f: HUVECs incubated with 1,62 mM G-CSF).
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To investigate the in vitro biological activity of rhG-CSF,
HUVECs cells were incubated with this therapeutic
protein. For this purpose, MTT assay was performed and
cell viabilities were calculated to determine effective
concentration for cell proliferation. As a result, HUVECs
which were incubated with rhG-CSF at 1.62 mM
concentration for 48 hours, demonstrated the highest cell
viability against negative control  (Figure 7).
Additionally, the EC50 value of the recombinantly
produced rhG-CSF protein was calculated as 0.051 mM.

3.4. Cell migration assay

We examined the migration ability of HUVECs to
determine the effect of rhG-CSF treatment on the
angiogenesis potential of endothelial cells in vitro. For
this purpose, in vitro scratch assay was carried out with
HUVEC cells at four different rhG-CSF concentrations
(100-1.62 mM) (Figure 8).

It was clearly observed that following 24 hours of
incubation of the rhG-CSF with HUVEC cells, the
percent wound healings was calculated as 73.9 %, 86.09
%, 82.07 %, 87.94 % respectively (Figure 4). When this
data was compared with untreated control (77.2 %), it
was concluded that the migration and wound closure
ability of the HUVECs was promoted by rhG-CSF at 24
h in a concentration-dependent manner (25 mM, 6.25
mM, 1.62 mM) and peaked at 1.62 mM (Figure 9).

100
90
~ 80
-
< 70
[}
é 50
= 40 1
=
3 30
-
® 20
10
04 - - :
Negative 100 25 6.25 162

control
G-CSF Concentration (mM)

Figure 9. The percent wound healings for HUVECs.
4. CONCLUSIONS

In this study, we have constructed the pTOLT-G-CSF
that permits the production of E. coli Tol-A-Ill domain of
Tol-A protein and mature peptide of hG-CSF fusion
under control of the T7 promoter system. The construct
was prepared with the addition of 6xHis-tag which was
used for the purification of this fusion protein by a single
affinity chromatography step. Recombinant hG-CSF was
overexpressed as inclusion body in E.coli Bl21pLysE
expression host using this construct. Inclusion body
formation should not always be considered a
disadvantage. Sometimes it can provide a good
alternative to successful purification, especially when
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high purity protein cannot be obtained due to host
contaminants. In this case, however, the solubilization
and refolding steps should be revised to high recovery of
bioactive recombinant protein from the inclusion bodies.
Although rhG-CSF production in the present study was
at the sufficient level as amount, refolded active form of
protein was low. This problem can be solved optimizing
refolding condition for better yield. Additionally, the hG-
CSF can be separated from the Tol-A-Ill protein fusion
and 6xHis-tag for higher activity, nevertheless this
additional process increases the cost of protein
production and causes a loss in the amount of protein. In
the pharmaceutical industry, the production of
bioproducts requires a simple and cost-effective process
that includes easier steps with high throughput.

In the early 1990s, in vitro studies had demonstrated
that rhG-CSF (0.1 pug ml™) had direct stimulating effects
on HUVECs showing a positive effect on the cell
viability and motility. Additionally, recent studies had
further shown that by local administration of lower
doses, rhG-CSF may provide a beneficial environmental
conditions for angiogenesis. However, in another in vitro
study, controversial results were reported. According to
these findings, rhG-CSF induced apoptosis and inhibitied
cell proliferation when administrated systematically at a
relatively higher doses.”” In the present study, it was
observed that the rhG-CSF demonstrated positive effect
on proliferation and migration of HUVECs in a
concentration dependent manner.”>*  Therefore, the
results we obtained in our study were consistent with the
previous findings.

In conclusion, it was observed that when rhG-CSF
administrated at true doses (25 mM, 6.25 mM, 1.62 mM)
in HUVECs. rhG-CSF stimulated the cell migration
through extracellular matrix, which was a crucial process
during angiogenesis. Nevertheless, it should be clear that
further analysis is needed to assess the angiogenesis
mechanism on the basis of rhG-CSF.
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ABSTRACT

In this study, L X-ray fluorescence (XRF) cross-sections of
elements with atomic number 41 < Z < 49 were theoretically
calculated according to different excitation energies. Also, the
Coster-Kronig (CK) enhancement factors observed as a result of
the effect of non-irradiated Coster-Kronig transitions on L X-ray
fluorescence cross-sections were theoretically calculated at
different excitation energies. The change of both L XRF
fluorescence cross-sections and the Coster- Kronig enhancement
factors against energy were examined. The results obtained were
compared with the values in the literature.

Keywords: X-ray fluorescence cross-sections, Coster-Kronig
enhancement factors, cross-sections.

Atom numarasi 41 < Z <49 arasindaki
elementlerin farkli uyarma enerjilerinde
Coster-Kronig siddetlendirme faktorlerinin
degisimi
(074

Bu calismada, atom numarast 41 < Z < 49 arasindaki
elementlerin L X-igin1 floresans tesir kesitleri, farkli uyarma
enerjilerine gore teorik olarak hesaplanmigtir. Ayrica, 1s1masiz
Coster-Kronig gecislerinin L X 15m1 floresans tesir kesitleri
tizerindeki etkisinin sonucu olarak gozlenen Coster-Kronig
siddetlendirme faktorleri, farkli uyarma enerjilerinde teorik
olarak hesaplandi. Hem L X- 1g1m1 floresans kesitlerinin hem de
Coster-Kronig siddetlendirme faktorlerinin enerjiye karsi
degisimi incelendi. Elde edilen sonuglar literatiirdeki degerler ile
mukayese edildi.

Anahtar Kelimeler: X-Isin1 floresans tesir kesitleri, Coster-
Kronig siddetlendirme faktorleri, tesir kesitleri.

1. INTRODUCTION

X-ray fluorescence (XRF) cross-sections are of great
importance with the extensive use in the fields of
molecular, atomic, and radiation physics. Besides, in
photon-matter mutual effects of some materials, XRF
cross-sections have wide research fields. Especially, the
usage of some substances in the field of medicine
increases the importance of this work.

XRF cross-sections are identified as the result of
photoelectric cross-sections and fluorescence yields at
appropriate excitation energy. However, in the case of the

L shell, particularly the Ls; subshell X-ray lines, the
estimation of XRF cross-sections is not so straight
forward because of the possibility of Coster-Kronig (CK)
transitions. These transitions are non-radiative transitions.
These transitions from L; and L, to L; lead to an
additional gap in the L; subshell. The number of X-rays is
generated as a result of this increases." Rani and co-
workers have reported the effect of CK enhancement
factor on the XRF cross-sections.” There are many
researchers who have examined XRF cross-sections, CK
transitions; fluorescence yields for some elements.®**
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In recent years, Kumar and co-workers have investigated
the Sm element at different energies of 6.8, 7.4 and 8
keV." Oz and co-workers did the same work for some
elements in between Z = 66 and Z = 90."° Previously,
we have also done experimental and theoretical studies on
this topic for Yb, Lu, Os and pt.!’

This study presents originality because of the
investigation of the change of XRF cross sections and
CK enhancement factors at different excitation energies
of same elements in the atomic number range 41 < Z <
49. Herein, firstly, L-XRF cross-sections have been
calculated. Secondly, theoretical enhancement factors
have been calculated from the obtained values. Excitation
energies have been chosen according to the binding
energies of electrons.

2. THEORETICAL CALCULATIONS

In this study, the L XRF cross-sections are calculated
from the following equations.™

o =loy(fs+ ffn)+o, T +os]loFy (1)
O, =loy(fia+ 1) +o, T toslo, (2
o =00 F ,+ (0,f +0,)w, Fop+ [os + @

0, fp +0,(fis + fi, f5)] F3/5’

Where, 0,,0,and o, are photo ionization cross-
sections determined from the work of Scofield™ at proper

energies. @, @, and @, are fluorescence yields of
subshell. f;,, fi3 and fy; are the CK transition
probabilities. Fluorescence yield and CK transition

probabilities were obtained from the work of Krause.” Fij
(Fsu Fse F3s F2s Fyp) are the fractions of the radiation
width of the subshell L; (i = 1, 2 and 3). The F;; values are
givenin Table 1.

r?:(

eg. F,, 4)
Where, I is theoretically the total radiative transition
rate of the Lg. I 3, 1S the sum of the radiative transition

rates associated with filling the gaps in the L; shell. That
is;

I3, =F3(M1_|-3) )
I, :r3(M4_L3)+r3(M5_L3) (6)
Ly =T (N - L) + I (N, -L) + T, (N - L) + .

L(0,-L) + (0,0, L)
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F2ﬁ=F2(M4—L2)+F2(|\/|3—L2) (8)

1ﬂlﬂ:1—‘1(|\/|2’M3_L1)+F1(M41M5_|—1) 9)
Scofield calculated the radiative transition rates - Slater
theory for most elements.’** In the absence of the CK
transitions, the cross sections can be calculated from the
following equations.™

o, =0o,05F; (10)
o, =0;0;F;, (11)
Oy =010, Flﬁ + 0,0, Fzﬂ + 0,0, Fsﬁ (12)

Because the CK transitions exist, L XRF were
evaluated according to Equations 1-3. The CK
enhancement factors K (i=/{,oa;j=1,2) can be

calculated from the following equations.l&—”16

_ o (fs+f,f.)+0,f,+0,

Koo = (13)
()]
O3
. = o, o Fy +(o,f, +0,) o, Fap
5=
o, F,; +0,0,F,, + o,0,F;,
(14)

[os+o, T, +o,(fs + f, )], FB,B

O'la)lFlﬁ + 0,0, Fzﬁ + 0,0, Fgﬁ

In this study, the theoretical values of L XRF cross-
sections (Table 2-5), and enhancement factors (Tables 9
and 10) were calculated for close excitation energy to
absorption edge energy of the studied elements. Also, the
theoretical values of L XRF cross-sections (Table 6-8),
and enhancement factors (Tables 11 and 12) were
calculated for the greater excitation energy from the
absorption edge energy of the same elements.

3. RESULTS AND DISCUSSION

The L subshell X-ray fluorescence cross-sections
have been calculated from Equations (1-3) for close
excitation energy to absorption edge energy and the
greater from the absorption edge energy of studied
elements (Table 2-8). The enhancement factors have
been calculated theoretically from Equations (13) and
(14), and listed in Tables 9-12.
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Table 1. Theoretically calculated fractions of the radiation width
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Fraction of radiative widths

Element Fs Fs3a Fis Fas Fss
4Nb 0.035 0.934 0.862 0.941 0.028
“2Mo 0.035 0.926 0.857 0.877 0.029
BTe 0.034 0.918 0.853 0.924 0.044
4Ry 0.034 0.918 0.850 0.914 0.056
Rh 0.033 0.899 0.847 0.905 0.066
46p( 0.033 0.888 0.845 0.893 0.078
“ng 0.032 0.880 0.841 0.885 0.087
80 0.032 0.871 0.837 0.877 0.094
“n 0.032 0.865 0.832 0.839 0.101

Table 2. Ly XRF cross-sections (barns/atom) for 41 <Z <49
Element E (keV) Ol oL oL

4ND 2.386 7625.568 228.603 285.754
2)\10 2.539 7631.860 239.010 288.461
BTe 2.696 7594.797 364.020 281.288
4ny 2.858 7592.429 463.154 281.201
#5Rh 3.025 7406.914 543.777 271.888
46p 3.193 7179.044 630.591 266.788
“Tag 3.373 7143.136 706.196 252.413
8 3.560 7152.512 769.280 269.992
9 3.754 6961.347 812.827 257.528
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Table 3. Ly XRF cross-sections (barns/atom) according to the excitation energies of L,and L; for
41 <Z <49 (for close excitation energy to absorption edge energy)

Element E(keV) Ol oL oL
. éggg 5697.343 2839.378 213.497
: 4188.616 2456.635 157.044
2.648 6744.817 3342.646 254.933
Mo 3.000 5020.601 2827.232 187.736
2.818 6700.373 3683.536 248.159
“Tc 4.000 2640.682 1716.435 097.803
2.993 6690.843 3747.400 247.911
“Ru 4.000 3113.195 2058.982 115.303
3.174 6526.900 3714.000 239.585
Rh 4.000 3570.090 2428.620 131.048
3.356 6429.333 3843.551 238.830
“45pg 4.000 4100.701 2888.952 152.389
3.553 6292.457 3954.592 222.353
Ag 4.000 4683.993 3396.644 165.516
3.757 6966.109 4052.371 236.747
“®cd 4.022 5295.610 3918.681 200.637
. 3.970 6194.265 3941.396 229.152
4.244 5265.774 3925.979 194.688

Table 4. L, XRF cross-sections (barns/atom) for 41 < Z < 49 (for close excitation energy to absorption

edge energy)

Element E(keV) Oly oL oL
4IND 2.674 6108.629 2851.708 228.886
2\o 2.648 7257.042 3388.869 274.294
BTc 2.818 7220.373 3708.668 267.266
“Ru 2.993 7224.441 3779.950 267.495
“Rh 3.174 7053.793 3822.853 258.752
46pq 3.356 6942.178 3885.831 257.212
YAg 3.553 6809.397 4005.698 281.943
8o 3.757 6768.870 4108.506 256.397
“In 3.970 6706.630 4241.221 248.106
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Table 5. L; XRF cross-sections (barns/atom) for 41 < Z < 49 ( for close excitation energy to absorption

edge energy)

Element E(keV) Ol oL oL
4ND 3.000 5316.673 2607.498 199.289
“2Mo 3.000 6244.808 3021.255 233.355
B¢ 4.000 6223.393 3708.668 128.708
“Ru 4.000 4070.968 2222.024 150.701
Rh 4.000 4620.362 2621.057 169.577
46p 4.000 5260.494 3117.180 195.211
YAg 4.000 5940.055 3662.148 179.088
480 4.022 6659.311 4060.067 252.200

O 4.244 6653.893 4001.221 246.155

Table 6. Ly XRF cross-sections (barns/atom) according to the excitation energies of L,and L, for 41 <Z <49
(for the greater excitation energy from the absorption edge energy)

Element E(keV) OLy oLp oL

s1Nb 2.695 5583.339 2787.361 209.225
4.000 1894.626 1164.554 070.997

Mo 2.844 5706.678 2796.619 215.695
4.000 2252.623 1273.443 085.142

®T¢ 3.000 5782.665 3126.733 214.172
5.000 1408.542 0965.655 052.168

“Ru 3.201 5708.729 3156.636 211.434
5.000 1663.671 1152.588 061.617

Rh 3.388 5586.511 3211.117 205.066
5.000 1913.325 1359.586 070.233

“pg 3.605 5408.541 3392.380 201.222
5.000 2200.314 1613.727 081.768

Ag 3.780 5422.560 3407.000 197.184
5.000 2511.400 1921.502 091.270

480y 4.000 5370.237 3493.566 203.464
5.000 2919.386 2264.099 110.600

“In 4.000 6082.060 3991.672 225.004
6.000 2019.948 1639.340 074.726
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Table 7. L, XRF cross-sections (barns/atom) for 41 < Z < 49 (for the greater excitation energy from

the absorption edge energy)

Element E(keV) Ol oLp oy
NP 2.695 5887.238 2799.469 224.289
“2Mo 2.844 6130.816 2809.902 232.519
BTe 3.000 6223.393 3147.858 230.449
“Ru 3.201 6157.500 3184.012 228.137
“SRh 3.388 6032.992 3243.895 221.266
46p 3.605 5846.604 3430.553 217.010
“Iag 3.780 5867.911 3451.123 213.353
8By 4.000 5818.940 3542.788 220.351

O 4.000 6598.061 4040.626 244.262

Table 8. Ly XRF cross-sections (barns/atom) for 41 < Z < 49 (for the greater excitation energy from

the absorption edge energy)

Element E(keV) Ol oLp oL
4ND 4.000 2533.348 1268.200 094.924
2Mo 4.000 2985.482 1384.233 112.813
BTe 5.000 1942.690 1054.580 071.940
4“4y 5.000 2273.575 1259.831 084.169
RN 5.000 2579.149 1485.808 094.604
46p( 5.000 2940.096 1766.050 104.826
YAg 5.000 3325.721 2098.281 120.842
80y 5.000 3838.101 2453.548 145.329

“n 6.000 2726.847 1813.878 100.877
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Table 9. K;-K 41 ; K12 - K, CK enhancement factors for 41 < Z < 49 (for close excitation
energy to absorption edge energy)

E(keV) Ka1-Ky E(keV) Koo -K12
Element

(for Ly) (for Ly)
4N 2.674 1.072 3.000 1.269
Mo 2.648 1.075 3.000 1.243
B 2.818 1.077 4.000 1.316
484 2.993 1.079 4.000 1.307
4R 3.174 1.080 4.000 1.294
46p 3.356 1.079 4.000 1.282
“ag 3.553 1.082 4.000 1.268
480y 3.757 1.083 4.022 1.257
49 3.970 1.082 4.244 1.263

Table 10. Kp1 . Kgp CK enhancement factors for 41 < Z < 49 (for close excitation energy to
absorption edge energy)

E(keV K E(keV K
Flement (f(()r Lz)) " (f(()r Ll)) &
4Nb 2.674 1.004 3.000 1.061
“2Mo 2.648 1.013 3.000 1.068
BT 2.818 1.007 4.000 1.080
“Ry 2.993 1.008 4.000 1.081
Rh 3.174 1.020 4.000 1.079
46p(q 3.356 1.011 4.000 1.079
“Ag 3.553 1.012 4.000 1.078
80 3.757 1.013 4.022 1.076
“n 3.970 1.019 4.244 1.076
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Table 11. K- K g1, K)2 - K5 CK enhancement factors for 41 < Z < 49 (for the greater
excitation energy from the absorption edge energy)

E(keV) E(keV)
Element Ko1-Kp, K,, -Ki2
(for L) (for L,)
4Np 2.695 1.072 4.000 1.337
Mo 2.844 1.078 4.000 1.325
BTe 3.000 1.076 5.000 1.379
4Ry 3.201 1.079 5.000 1.366
4Rh 3.388 1.079 5.000 1.347
46pg 3.605 1.080 5.000 1.336
“Tag 3.780 1.082 5.000 1.324
8 4.000 1.083 5.000 1.314
9N 4.000 1.085 6.000 1.349

Table 12.x g1, K g CK enhancement factors for 41 <Z < 49 (for the greater excitation
energy from the absorption edge energy)

Element EkeV) o = (keV) w2
(for L) (for Ly)
4Np 2.695 1.004 4.000 1.132
“2Mo 2.844 1.005 4.000 1.087
8BTe 3.000 1.006 5.000 1.091
“py 3.201 1.008 5.000 1.093
SRR 3.388 1.010 5.000 1.092
46p 3.605 1.011 5.000 1.094
“ng 3.780 1.012 5.000 1.092
80y 4.000 1.014 5.000 1.084
“n 4.000 1.012 6.000 1.106

The graphs_ of enhancing factors versus atomic number until 8.3% for ,, , until 31.6% for ,,, until 1.9% for
are shown in Figures 1-4. In this study, the results were ’

0 0 -
theoretically until 8.3% for x, , until 31.6% for x,, Kpy» until 8% for x4, , for close excitation energy to

absorption edge energy.
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Figure 1. K'al, K., K'|1 , K12 versus atomic number (for close excitation energy to absorption edge energy).
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Figure 2. Kp1» Ky Versus atomic number (for close excitation energy to absorption edge energy)
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Figure3. K 1,K,,, K, ,K,, versus atomic number (for the greater excitation energy from the absorption edge energy).
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Also, for the greater excitation energy from the absorption
edge energy, in the present work, the results were

theoretically until 8.5% for x, , 37.9% for K, upto
8.5% for of x7,, and upto 37.9% for x,, ,until 1.4%

51 until 10.6% for « ;.

As seen above, both L XRF cross-sections and CK
enhancement factor values have been found to vary
according to different excitation energies. L XRF cross-
section values decrease, for the greater excitation energy
from the absorption edge energy. However, CK
enhancement factors increase. This means that it has
increased due to gaps caused by CK transitions. In
general, L X-ray cross-section values were found to be
more efficient in close excitation energy the absorption
side.

Rani and co-workers reported that the effect of on
X-ray cross-sections and the CK transitions is up to 65%,
experimentally up to 24% for Sb element , theoretically
up to 21%. Oz and co-workers reported theoretically up to
30%, experimentally up to 24% for some elements in the
atomic number range 66-90."%*°

As can be seen from this study, due to CK transitions,
there is an enhancement up to 2-38%. Also, it appears that
the X-ray fluorescence cross-sections decrease despite
increasing CK enhancement factors for the greater
excitation energy from the absorption edge energy.
Therefore, the compatibility of the excitation energy and
the binding energy is important for efficiency. Thus, it
must be taken into account in quantative X-ray
fluorescence cross-sections.

for Kk

4. CONCLUSIONS

In the present study, the CK enhancement factors due to
the effect of CK transitions on L XRF cross sections are
studied theoretically at different excitation energies. The
results of the study can be summarized as follows.

When the excitation energy is greater than the
bonding energy of the electron, XRF cross-sections
values decrease, but CK enhancement factors
increase.

When the excitation energy is close to bonding
energy of the electron, CK enhancement factors
increase but, XRF cross-sections values decrease.
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ABSTRACT

Prostate cancer is caused by uncontrolled growth of cells in
the prostate gland. The aim of this study was to determine the
cytotoxic activity of titanium dioxide (TiO,) and zinc oxide
(ZnO) nanoparticles (NPs) and TiO, + ZnO nanocomposite
(NC) in human prostate cancer cell line (DU-145) and healthy
mouse fibroblast cell line (L-929). In the study, TiO, and ZnO
NPs and TiO, + ZnO NC were synthesized. Cytotoxic activities
of NC and NPs was then analyzed in human prostate cancer cell
line (DU-145) and healthy mouse fibroblast cell lines (L-929)
using the MTT method. TiO,, ZnO and TiO, + ZnO ICy, values
were determined in DU-145 and L-929 cell cells (n = 6). TiO2
+ ZnO NC in the Du-145 cell line was found as the most active,
having statistically significant (***p < 0.0001, **p < 0.001 and
**p <0.01).

Keywords: Prostate cancer, Du-145, L-929, TiO,/ZnO.

Cinko oksit/titanyum dioksit nanopartikiillerin
prostat kanser hiicreleri tizerinde sitotoksik
aktivitesi

0z

Prostat kanseri, prostat bezindeki hiicrelerin kontrolsiiz
biiylimesinden kaynaklanir. Bu ¢alismanin amaci, insan prostat
kanseri hiicre hattinda (DU-145) ve saglikli fare fibroblast
hiicre hattinda (L-929) titanyum dioksit (TiO,) ve ¢inko oksit
(Zn0O) nanopartikiilleri (NPs) ve TiO, + ZnO nanokompozit
(NK) 'in sitotoksik aktivitesini belirlemektir. Calismada TiO,
ve ZnO NPs ve TiO,+ZnO NK sentezlenmistir. NK ve NPs’
lerin sitotoksik aktiviteleri, daha sonra MTT metodu
kullanilarak insan prostat kanser hiicre hatti (DU-145) ve
saglikli mouse fibroblast hiicre hatlarinda (L-929) analiz
edilmistir. DU-145 ve L-929 hiicre hiicrelerinde TiO,, ZnO ve
TiO,+Zn0 ICsy degerleri belirlenmigtir (n = 6). Du-145 hiicre
hattinda Ti02 + ZnO NK, istatistiksel 6neme sahip olarak en
aktif olarak bulunmustur (*** p < 0.0001, **p < 0.001 ve ** p
<0.01).

Anahtar Kelimeler: Prostat kanseri,

TiO,/ZnO.

Du-145, L-929,

1. INTRODUCTION

Cancer is a serious health problem and it is one
causes of deaths in the world." Prostate cancer is the
second most common type of cancer in men after lung
cancer and is the fifth most common type of cancer
worldwide.” The onset of prostate cancer is characterized
by a relatively slow growth, low rate of progression, high
incidence rate, presence of tumor markers, and detectable
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preneoplastic lesions.” Surgery is often successful for
organ-limited prostate cancer. However, most prostate
cancer patients after few years of treatment developed
tumor regeneration and shorten their survival when
tumor recurrence.” One of methods that use in treatment
of prostate cancer is chemotherapeutic drugs. Etoposide,
paclitaxel, vinblastine, mitoxantrone and estramustine
some drugs like; can use in chemotherapy. However,
these chemotherapeutic drugs have many side effects
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such as toxic, deaths, paralysis, blood clotting, leukocyte
decline, difficulty breathing and fatigue. Therefore, in the
prolonged treatment of prostate cancer, the discovery of
new anti-cancer compounds is important to improve
quality of life and to eliminate these side effects. The aim
of anticancer drug development studies is to discover
artificial and natural compounds that can be used in
cancer treatment, as well as to reduce toxicity and
maximize efficacy. In recent years, scientists have
focused on the field of nanotechnology, which has made
significant progress in developing pharmaceuticals for
cancer treatment. Nanoparticles (NPs) are used as drug
carriers that target the drug directly to the tumor area and
in the same time maintaining healthy tissue. Compared to
conventional chemotherapeutic drugs, nano-carriers have
many advantages and offer various advantages as drug
carriers.”® Various inorganic NPs such as iron oxide,
porous silica, graphene oxide and TiO, NPs have been
used for successful drug delivery and treatment in cancer
treatment.” TiO, and ZnO have many important
properties. Some of these properties are biocompatibility,
low toxicity, high chemical stability and specific
photocatalytic and sonocatalytic. Therefore, even in the
field of potential multimodal treatment agents,
photodynamic and sonodynamic therapy methods used in
the treatment of cancer have received great interest.®
TiO, can produce highly reactive radical oxygen species
under ultraviolet (UV) light irradiation and cause cancer
cell death.” Based on its unique properties, TiO, NPs also
play an important role in the drug delivery field of drugs
used in the chemotherapeutic treatment.'’ ZnO is a
semiconductor material which has gained considerable
scientific interest due to its wide range of applications
such as biomedical, optical, electronic and
optoelectronics.” ZnO NPs offer biocompatibility
advantages for use in biomedical applications where
nanomaterials prepared using high colloidal dispersion in
water and toxic chemicals are unsuitable.'? In this study,
we prepared a complex of TiO,+ ZnO, and evaluated the
cytotoxicity activity properties of this complex in human
Du-145 and mouse L-929 cell lines.

2. MATERIALS AND METHODS

2.1. Synthesis of TiO,, ZnO NPs and TiO, + ZnO
nanocomposite (NC)

TiO,, ZnO NPs and TiO, + ZnO NC were prepared as
in our previous study.13 In a typical synthesis step to
prepare zinc oxide NPs, zinc nitrate hexahydrate and
ascorbic acid were dissolved in distilled water at 1:0.3
molar ratios and heated on a hot plate at 300°C until a
brown precipitate formed. The precipitate was crushed
finely and calcined at 400°C."" The resulting powder was
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white and consisted of ZnO NPs. TiO, NPs were
prepared using a similar process using titanium
isopropoxide and glycine as the precursors.15 To prepare
NC, a suspension with water was prepared in a 1:1
weight ratio from the previously prepared ZnO and TiO,
particles. The solution was sonicated for 1 h with a probe
sonicator to prepare a high stability suspension.
Afterwards, solution was heated at 100°C to obtain a dry
powder, which is the composite of the samples. All
samples were ultrasonicated 60 minutes to break any
possible aggregation of NPs in a Probe Sonicator(Sonics
& materials INC, USA). Stability of the samples was
determined by measuring their zeta potantial values
(Malvern Zetasizer Nano Z).

2.2 Cell Culture

Du-145 and L-929 cell lines were maintained in
DMEM medium containing, 10% fetal bovine serum
(FBS), penicillin and streptomycin (1%). Cells were
incupated at 37°C, 5% CO, and 95 % air in a humidified
incubator. For each cell line, 70-80% confluent cell
culture flask was trypsinized and cells were seeded in 96
well plates.

2.3. Cytotoxic effect of TiO, + ZnO NC on Du-145 and
L-929 cell lines

The cytotoxicity activity of TiO, and ZnO NPs and
TiO, + ZnO NC in the Du-145 and L-929 cell lines was
performed by MTT 3-(4,5-dimethylthiazol-2-yl)-2,5-
diphenyltetrazolium bromide assay according to Skehan's
method.”® The cells were then trypsinized and seeded in
96-well plates (Corning, USA) in 0.1 mL of complete
culture medium at a density of 1 x 10° cells per well and
allowed to bind for 24 h. 1 pl of test substance at
concentrations ranging between 1-100 uM were added
into each well containing the cells. The plates were
incubated at 37°C with an internal atmosphere of 5%
CO,. After 24, 48 and 72 h incubation, 10 pl/well MTT
(5 mg ml™ dissolved in PBS) was added to the cells in
the plates and incubated at 37°C for 2 h. The supernatant
was carefully withdrawn from each well and 100 pl of
DMSO was added to each well to dissolve formazan
crystals. After mixing with a mechanical plate mixer for
15 min, the absorbance of plates were recorded at 570
nm on a microplate reader (Bio-Tek, USA). All these
drug doses were tested in parallel in three replicates.
Control samples were run with 1% sterilized water.

2.4. Statistical analysis

SPSS (Statistical Package for Social Sciences, ver:
25.0) program was used to evaluate the data in the study.
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All experiments were run in triplicate and the results
expressed as mean = SEM. The data were analyzed using
one-way ANOVA and differences were considered
significant (*p < 0.05, **p < 0.01 and **p < 0.0001).

3. RESULTS AND DISCUSSION

3.1. Characterization of TiO,, ZnO NPs and TiO, +
ZnO NC

It has been assumed that, under pure electrostatic
interaction, a suspension that exhibits a zeta potential
within £ 15 mv is considered unstable and tends to
aggregate, from + 15 mv to = 30 mv it would be
predominantly stable, and above + 40 mv it would be
well stabilized."” The zeta potential of synthesized NPs
are given in Table 1 and are within the acceptable range
for stability.

Table 1. Zeta potential of TiO,, ZnO NPs and TiO, +
ZnO NC

Nanoparticle

Zeta potential, mV

Tio, 33
Zno 29
TiO,+ ZnO 24

3.2. Cytotoxicity activities of TiO, + ZnO on DU-145
and L-929 cell lines

Nanotechnology is a new technology that provides
new uses for a wide range of biological and biomedical
applications. Scientists are directed to this area because
the size of the so-called nanoparticle is less than 100 nm.
'® Due to their superior targeting capabilities and
efficacy, NPs are becoming increasingly important in
modern cancer therapy. It has also begun to outperform
traditional cancer treatments such as chemotherapy,
radiation and surgery.”® TiO2 and ZnO NPs are widely
used metal oxide NPs because of their superior
biomedical and biological properties.”” ZnO NPs show
high biocompatibility. Bulkier forms are generally
considered safe by the FDA. Zinc is an important co-
factor in many cellular mechanisms. Therefore, it plays
an important role in maintaining cellular homeostasis;
therefore, ZnO shows biocompatibility."” ZnO NPs
exhibit selective cytotoxicity to cancer cells in vitro
compared to many other NPs.”* TiO, NPs are
environmentally friendly, relatively stable, exhibiting
excellent biocompatibility because they are smaller than
cellular organelles.22 These properties make TiO, NPs an
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excellent candidate for biomedical applications such as
cancer treatment.”® In this study, we evaluated the
cytotoxic activity of TiO, and ZnO and TiO,+ZnO NC in
DU-145 and L-929 cells. The aim of this process is to
utilize the synergistic effects of these NPs used in
biomedical applications. In our study, Figure 1-3 show
changes in cell inhibition for 24, 48 and 72 h versus
increasing concentrations of DU-145 cell lines.
Compared to the control group (DU-145 cell without test
substance), TiO, + ZnO treated DU-145 prostate cancer
cells showed significantly decreased tumor survival rate
after 24 h, 48 h and 72 h of incubation (***p < 0.0001,
**p < 0.001 and **p < 0.01). Cell survival rate in group
after 24h, 48h and 72 h of incubation were significantly
decreased than those in the control group. The survival
rate of tumor cells was significantly reduced with TiO, +
ZnO NC treatment time. TiO, + ZnO NC on DU-145
cells were the most active for 72 h of incubation. In
addition, TiO, + ZnO and ICsq values for 24 h, 48 h and
72 h were 3.78 = 2.08 uM, 3.12 + 0.65 uM and 1.38 +
0.79 uM respectively (Table 2). We also tried to
determine the cytotoxic activity of these molecules in the
L-929 cells for health control purposes. We have found
that these NPs are more active in the L-929 cell line than
in the control group (L-929 cell without test substance).
ICso values of TiO, + ZnO after 24 h, 48 h and 72 h
incubation were 24.44 + 1.09 uM, 20.63 + 1.44 uM and
19.36 +£ 3,04 uM in  L-929 cells, respectively (Table 2).

Table 2. Comparison of IC50 values between TiO,+ZnO NC,
ZnO and TiO, NPs on Du-145 and L-929 cells after 24 h, 48 h
and 72 h of incubation

Du-145 cell line IC_ (uM + SD*)

24h 48 72h
TiO,+ ZnO  3.78+2.08  3.12£0.65  1.38+0.79
Zno 70.14£3.41  62.1942.26  22.43%5.02
TiO, 11.6840.69  4.9941.08  1.12+0.16

L-929 Cell Line IC_ (M + SD¥)

24h 48 72h
TiO,+ZnO  24.44+109  20.63t1.44  19.36+3.04
Zno 67274278  63.56£3.09  53.63+1.08
Tio 19.14+0.87  15.00+1.13  13.45+0.25

2
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Figure 1. Cytotoxicity activity study of TiO2 + ZnO, TiO2 and ZnO in Du-145 cells. Du-145 cells were treated with these molecules
for 24 h in a concentration range of 1 to 100. These molecules were compared with control. Represents the mean + SEM of three
separate experiments (***p< 0.0001 , **p <0.001 and **p <0.01).
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Figure 2. Cytotoxicity activity study of TiO, + ZnO, TiO, and ZnO in Du-145 cells. Du-145 cells were treated with these molecules
for 48 h in a concentration range of 1 to 100. These molecules were compared with control. Represents the mean + SEM of three
separate experiments (***p < 0.0001 , **p <0.001 and **p <0.01).
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Figure 3. Cytotoxicity activity study of TiO, + ZnO, TiO, and ZnO in Du-145 cells. Du-145 cells were treated with these molecules

for 72 h in a concentration range of 1 to 100. These molecules was compared with control. Represents the mean = SEM of three
separate experiments. (***p < 0.0001, **p < 0.001 and **p <0.01).
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Figure 4. Cytotoxicity study of TiO, + ZnO on Du-145 and L-929 cells. Du-145 and L-929 cells were treated with these drugs for 24
h in a concentration range of 1 to 100 TiO, + ZnO. TiO, + ZnO, which is more active than TiO, and ZnO, were compared with Du-
145 cells and L-929 cells. Represents the mean = SEM of three separate experiments (***p < 0.0001 , **p < 0.001 and **p < 0.01).
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Figure 5. Cytotoxicity study of TiO, + ZnO on Du-145 and L929 cells. Du-145 and L-929 cells were treated with these drugs for 48
hours in a concentration range of 1 to 100 TiO, + ZnO. TiO, + ZnO, which is more active than TiO, and ZnO, were compared with
Du-145 cells and L-929 cells. Represents the mean += SEM of three separate experiments (***p < 0.0001 , **p < 0.001 and **p <

0.01).
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Figure 6. Cytotoxicity study of TiO, + ZnO on Du-145 and L-929 cells. Du-145 and L-929 cells were treated with these drugs for 72
h in a concentration range of 1 to 100 TiO, + ZnO. TiO,+ ZnO, which is more active than TiO, and ZnO, were compared with Du-
145 cells and L-929 cells. Represents the mean + SEM of three separate experiments (***p < 0.0001 , **p < 0.001 and **p < 0.01).
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Cytotoxic activity of TiO, + ZnO was high after 72 h in
the L-929 cell line. However, we found that TiO,+ ZnO
cytotoxic activity was more active in DU-145 cells
compared to L-929 cells after 24 h, 48 h, and 72 h
incubation (Figures 4-6). We found this difference
statistically significant. (***p < 0.0001, **p < 0.001 and
**p < 0.01). As a result, we noted that the synergistic
effect of NPs showed more cytotoxic activity in cancer
cells. In our previous study in human cervical cancer
(HeLa) cells, we found similar results. " Fadoju and co-
workers support the results of our study.”

4. CONCLUSIONS

In summary, TiO, + ZnO NC was synthesized
successfully. The synthesized NPS and NC maintained
their stability and are within the acceptable range for
stability. This study demonstrates the possibility of using
TiO, + ZnO to inhibit the growth of DU-145 cancer cells
with therapeutic treatments. Healthy L-929 cells were
used as the control of DU-145 cells. The cytotoxic
activity of TiO, + ZnO molecule was highest in DU-145
cancer cells after 72 h incubation. Therefore, we found
that the synergistic effect of TiO, and ZnO NPs was
higher in the cancer cell. By utilizing this synergistic
effect, TiO, + ZnO NC based drugs can be developed.
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ABSTRACT

This work aims to reveal the correlation of the boiling point
values of phenolic compounds with their molecular structures
using a quantitative structure-property relationship (QSPR)
approach. A large number of molecular descriptors have been
calculated from molecular structures by the DRAGON
software. In this study, all 56 phenolic compounds were divided
into two subsets: one for the model formation and the other for
external validation, by using the Kennard and Stone algorithm.
A four-descriptor model was constructed by applying a multiple
linear regression based on the ordinary least squares regression
method and genetic algorithm/variables subsets selection. The
good of fit and predictive power of the proposed model were
evaluated by different approaches, including single or multiple
output cross-validations, the Y-scrambling test, and external
validation through prediction set. Also, the applicability domain
of the developed model was examined using Williams plot. The
model shows R? = 0.876, Q* oo = 0.841, Q* o = 0.831 and
Q%xr = 0.848. The results obtained demonstrate that the model
is reliable with good predictive accuracy.

Keywords: Phenolic compounds, boiling point, QSPR, MLR,
prediction set.

Fenolik bilesiklerin kaynama noktalarinin
belirlenmesi igin kantitatif modelleme

0z

Bu caligma, kantitatif yapi-6zellik iligkisi (QSPR) yaklagim1
kullanarak fenolik bilesiklerin kaynama noktas: degerlerinin
molekiiler yapilar1 ile korelasyonunu ortaya koymay1
amaclamaktadir. DRAGON yazilimi ile molekiiler yapilardan
¢ok sayida molekiiler tanimlayict hesaplanmigtir. Bu galigmada,
56 fenolik bilesik Kennard ve Stone algoritmasi kullanilarak
biri model olusumu igin digeri dis dogrulama i¢in iki alt gruba
ayrilmistir. Siradan en kiigiik kareler regresyon yontemi ve
genetik algoritma / degisken altkiimeleri segimine dayanan
¢oklu bir dogrusal regresyon uygulanarak dort tanimlayici
model olusturulmustur. Onerilen modelin iyi uyum ve tahmin
giicii, tahmin seti araciligryla tekli ya da ¢oklu ¢ikis capraz
validasyonlari, Y-kombinasyon testi ve dis dogrulamay: igeren
farklt yaklagimlarla degerlendirilmistir. Ayrica, gelistirilen
modelin uygulanabilirlik alan1 Williams plot kullanilarak
incelenmistir. Model R? = 0.876, Q°LOO = 0.841, Q*°LMO =
0.831 ve Q?EXT = 0.848'"i gostermektedir. Elde edilen sonuglar,
modelin iyi bir tahmin dogrulugu ile giivenilir oldugunu
gostermektedir.

Anahtar Kelimeler: Fenolik bilesikler, kaynama noktasi,
QSPR, MLR, tahmin seti.

1. INTRODUCTION

Lipi phenolic compounds are aryl alcohols in which
the hydroxyl group (-OH) is attached carbon atom that is
part of an aromatic ring, in which phenol is the simplest
of these compounds. Anthropogenic produced phenols
exist in the environment due to the activity of the
chemical, petrol or industrial processes. The entry of
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phenolic compounds into ecosystems results from the
industrial sewage drainage or the municipal and
agricultural activities to surface water." The transport and
fate of phenols in the environment depends, in part, on
their physicochemical properties, and their relative
distributions between different environmental
compartments.
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As is known, the boiling point is an important
physical property that has practical value in chemistry,
environmental studies and the pharmaceutical industry,2
defined as the temperature at which the vapor pressure of
a pure saturated liquid is 1.013 x 10° Pa.’ It is also an
indicator of the physical state of organic chemicals (e.qg.,
liquid or gaseous). Furthermore, critical temperatures,4
flash points,” and enthalpies of vaporization® can be
predicted or estimated by using boiling point. The boiling
point of a molecule depends on two main factors. The
first factor includes intermolecular forces, such as
Coulomb interactions and dipole dipoles. The second
explains the size and structure of the molecule as a
whole, that is, how the energy supplied by the heater is
distributed in rotation and vibration modes.” However,
the boiling point data is often not available in the
literature and therefore needs to be estimated
theoretically. Bp estimation methods have been widely
explored”™® using the topology of the molecule and/or
quantum chemistry parameters calculated for the
optimized structure of the molecule.

There has been a remarkable increase in the use of
quantitative structure property relationships (QSPR)
methodology, which used to predict the physical and
chemical properties of organic chemicals.* In
consequence, the QSPR method attempts to correlate the
properties of chemicals with relevant properties and
molecular structure descriptors by establishing a simple
mathematical relationship."

The purpose of this study is to found a model for the
prediction of the boiling point of various phenolic
compounds. Many statistical techniques have been used
to develop the model to draw attention to the structural
requirements for an exact boiling point value. The three
objectives of the present paper have been: first, to
explore the structure-property relationships of the boiling
point; second, to select the best predictive model from
among all developed models for the property, and third,
verification of the performance and stability of the
obtained model. The model obtained shows which
descriptors play a significant role in boiling point
variation of phenolic compounds.

2. MATERIAL AND METHODS
2.1. Data set

In the present study, the experimental Bp data listed
in Table 1 and 2 were received from the Handbook of
Physical-Chemical Properties and Environmental Fate
for Organic Chemicals."” The reported Bp values ranged
from 174.9 to 305°C. The database was divided into two
molecular subsets by using Kennard and Stone
algorithm,17 the training set consists of 39 compounds
and 17 compounds for the prediction set.
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2.2. Modeling and molecular descriptor calculation

All numerical calculations were done by a computer
with ® Core™ processor and 4Gb RAM. The molecular
structure of each compound was sketched using the
Hyperchem software'® and pre-optimized using MM+
molecular mechanics method (Polak-Ribiere algorithm).
The minimal energy conformations of molecules were
then fully optimized and calculated with the semi-
empirical PM3 method at the restricted Hartree-Fock
level with no configuration interaction, "’ applying a
gradient norm limit of 0.001 kcal A"'mol™" as a stopping
criterion. Lastly, the final geometries with the minimal
energy were used as input for the generation of 1664
descriptors using the Dragon software (Version 5.4).20
Type and information of molecular descriptor calculated
are available in Dragon software user’s guide.20

2.2. Model development and validation

For the model development, by applying multiple
linear regression based ordinary least square (OLS), and
genetic algorithm-variable subset selection” (GA/VSS)
implemented in Mobydigs software? using the Ordinary
Least Squares (OLS) method and GA-VSS (Genetic
Algorithm-Variable Subset Selection). This ‘variable
selection’ procedure generates a ‘population’ of models,
ranked according to decreasing Q? values. The best
models were chosen by using Q? leave-one-out (Q?_oo)
as the optimization value and taking into account the
parsimony principle regarding the complexity of the
models, which should be as small as possible.
Furthermore, the correlation between the modeling
descriptors and the modeled response was checked by the
QUIK rule (Q Under Influence of K), to exclude models
with high predictor collinearity and exclude chance
correlation.”

The goodness of the model was reached by verifying
the model fitting and the model robustness, using the
squared correlation coefficient R2 (Eq. (1)) and the
cross-validation by the leave-one-out technique (Q?.o00)

(Eq. (2)).

2 _ o4 I @i-y)?
ke =1 DHENCIREIE @)
noo(5o )2
ngo =1 - 21=1(}’L/L 3’1) (2)

St i 9)?

Where y; is the observed dependent variable (the
experimental response), ¥; is the calculated value by the
model, y is the mean value of the studied property, n is
the number of compounds in the training set, and J; ; is
the value predicted by the model built without the
compound i.
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Table 1. Molecular descriptors and Bp values for phenols in training set
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No Name Exp.BP/°C PW5 Hy X5A R6mM Pred. Bp/°C
1  2-Methylphenol 191.04 0.057 -0.16 0.102 0.001 184.104
2 4-Methylphenol 201.98 0.08 -0.16 0.109 0.016 211.419
3 2,6-Dimethylphenol 201.07 0.054 -0.21 0.089 0.005 203.393
4 3,4-Dimethylphenol 227 0.071 -0.21 0.095 0.015 221.586
5  2,4,6-Trimethylphenol 220 0.065 -0.26 0.082 0.018 236.418
6  2-Propylphenol 220 0.082 -0.26 0.104 0.048 226.094
7  4-Propylphenol 232.6 0.085 -0.26 0.1 0.051 240.189
8  2-Isopropylpheonol 2135 0.062 -0.26 0.096 0.022 203.141
9  4-1sopropylphenol 230 0.072 -0.26 0.091 0.073 242.831
10  4-Butylphenol 248 0.088 -0.29 0.1 0.068 246.757
11  2-sec-Butylphenol 228 0.073 -0.29 0.096 0.068 230.179
12 2-tert-Butylphenol 223 0.059 -0.29 0.091 0.029 207.716
13  3-tert-Butylphenol 240 0.076 -0.29 0.093 0.058 238.970
14 4-sec-Butylphenol 241 0.074 -0.29 0.09 0.092 250.322
15  4-tert-Butylphenol 237 0.066 -0.29 0.084 0.095 250.308
16  4-tert-Octylphenol 279 0.076 -0.4 0.085 0.161 274.000
17  1-Naphthol 288 0.094 -0.29 0.084 0.013 276.601
18  2-Naphthol 285 0.101 -0.29 0.084 0.036 293.926
19  2-Phenylphenol 286 0.095 -0.35 0.087 0.099 289.135
20  4-Phenylphenol 305 0.095 -0.35 0.087 0.093 287.652
21 2-Allylphenol 220 0.082 -0.26 0.104 0.037 223.375
22 4-Chlorophenol 220 0.08 -0.04 0.109 0.01 218.370
23 2,3-Dichlorophenol 206 0.054 -0 0.089 0 217.182
24 3,4,5-Trichlorophenol 275 0.065 0.031 0.082 0.01 254.852
25  4-Nitrophenol 279 0.072 0.031 0.091 0.103 270.657
26  1,2-Dihydroxybenzenene 245 0.057 0.846 0.102 0.001 255.259
27 1,3-Dihydroxybenzene 276.5 0.06 0.846 0.097 0.001 270.704
28 Hydroquinone 285 0.08 0.846 0.109 0.007 280.349
29  2-Methoxyphenol 205 0.063 -0.11 0.101 0.015 203.248
30  3-Methoxyphenol 244 0.074 -0.11 0.102 0.028 222661
31  2,6-Dimethoxyphenol 261 0.075 -0.12 0.09 0.051 254.253
32 3-Methylphenol 202.27 0.06 -0.16 0.097 0.002 199.797
33  3,5-Dimethylphenol 221.74 0.058 -0.21 0.082 0.007 225178
34 2,3,5-Trimethylphenol 233 0.065 -0.26 0.082 0.016 235.924
35  3,4,5-Trimethylphenol 248.5 0.065 -0.26 0.082 0.016 235.924
36  2-Ethylphenol 204.5 0.063 -0.21 0.101 0.013 195.241
37  4-Ethylphenol 217.9 0.078 -0.21 0.098 0.04 233.131
38  2,5-Dichlorophenol 211 0.071 -0 0.095 0 232.903
39  2,4,6-Trichlorophenol 246 0.065 0.031 0.082 0.01 254.852
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Table 2. Molecular descriptors and Bp values for phenols in prediction set

No Name Exp.BP/°C  PW5 Hy X5A R6m  Pred. Bp/°C
1 3-Ethylphenol 2184 0.074 -0.213 0.102 0.023 213.913
2 Phenol 181.87 0.062 -0.088 0.113 0 174.129
3 2-Chlorophenol 174.9 0.057 -0.039 0.102 0 192.291
4 3,4-Dichlorophenol 253 0.071 -0.001 0.095 0.01 235.375
5 4-Chloro-3-methyphenol 235 0.071 -0.107 0.095 0.011 228.110
6 2-Nitrophenol 216 0.062 0.031 0.096 0.008 220.091
7 4-Methoxyphenol 243 0.078 -0.107 0.098 0.036 239.655
8 4-Hydroxy-3-methoxybenzaldehyde 285 0.086 -0.119 0.09 0.088 281.690
9 2,3-Dimethylphenol 216.9 0.054 -0.213 0.089 0.003 202.899
10 2,4-Dimethylphenol 210.98 0.071 -0.213 0.095 0.016 221.833
11 2,5-Dimethylphenol 2111 0.071 -0.213 0.095 0.014 221.339
12 2,4,5-Trimethylphenol 232 0.076 -0.257 0.088  0.025 243.892
13 3-Chlorophenol 214 0.06 -0.039 0.097 0 207.736
14 2.4-Dichlorophenol 210 0.071 -0.001 0.095 0.01 235.375
15 2,6-Dichlorophenol 220 0.054 -0.001 0.089 0 217.182
16 3,5-Dichlorophenol 233 0.058 -0.001 0.082 0 238.472
17 2,4 5-Trichlorophenol 247 0.076 0.031 0.088 0.01 260.596

Besides, the Root Mean Squared of Error (RMSE) that
resume the overall error of the model, which used to
measure and compare prediction accuracy in the training
(RMSE;) and the prediction (RMSE,) sets defined in

Eq. (3).

1 Ntr (ext)
i=1

RMSE,, ) = J (i — 912 3)

Ntr(ext)

A stronger internal validation is performed by using
the LMO (leave-many-out) procedure. By design, model
validation by LMO employs smaller training sets than
the LOO procedure and can be repeated many more
times due to the possibility of larger combinations in
leaving many compounds out from the training set, it is
common to choose 5-40% of the entire number
molecules in the training set to be left . The premise is
that if a QSPR model has a high average in Q% wo
validation, we can reasonably conclude that the obtained
model is robust.”*

Obtaining a robust model does not give real
information about its prediction power. This is evaluated
by predicting the compounds included in the test set. The
external for the test set is determined by using Eq. (4):

n, ~ 2
% Dy —vi) "/ nexe
n —
i =92 ey

ngt =1- (4)
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Here ne, and ny are the number of objects in the external
set and the number of training set objects, respectively.

In order to exclude the possibility of a chance
correlation between the selected descriptors and the
studied response, Y-scrambling as an internal validation
method was used. In this method, the dependent-variable
vector, Y-vector, are randomly permuted and a new
QSPR model is developed using the selected descriptor
in the model.”

A successful QSPR model should be validated with the
test set and satisfies criteria in Equations (5-9).” *°

Qoo > 05 (%)
Q% >0.5 (6)
R>> 0.6 ()
(R2-R%)/R?<0.1 or (R2-R?) /R2<0.1 (8)

085< k<1.15 or 085<k <I1.15 (9)
Where R?% (predicted versus observed values) and R'%,
(observed versus predicted values) are coefficients of
determination, k and k' are slopes of regression lines
through the origin of predicted versus observed and
observed versus predicted respectively. Mathematical
definitions of parameters (R%, R%, k, and k') can be
found in the literature.”"*°
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2.3. Applicability Domain (AD)

Williams plot, the plot of standardized residuals
versus the leverage (hii)27'28 is always used to verify the
applicability domain (AD) of the developed QSPR
model. The structural AD is quantified by applying the
leverage approach, this approach is based on the
calculation of the Hat matrix for the structural domain.
Leverage indicates a compounds distance from the
centroid of X. The leverage of a compound in the
original variable space is defined as in Eq. (10):”’

hy = x{ (XTX)'x; (10)
Where x; is the descriptor vector of the considered
compound and X is the descriptor matrix derived from
the training set descriptor values. The warning leverage
h* was calculated according to Eq. (11)*
h"=3p + 1 /n (12)
Where p is the number of independent variables used and
n is the number of compounds in the training set.

The leverages approach was used to estimate the
degree of extrapolation for the predictions obtained in the
training and prediction sets and for compounds without
experimental data. The chemicals with a leverage hii >
h* are outside the structural domain of the training set.
therefore, their predictions are extrapolations and could
be less reliable.

3. RESULTS AND DISCUSSION

The hybrid method genetic algorithm/Multiple linear
Regression (GA/MLR) included in MOBYDIGS
software was used to select the best descriptors able to
explicating property variation in the training set. Finally,
a 4-variables model was chosen as the best model. The
regression equation of the developed model defined as
follows:

BP = 314 + 1663 PW5 + 709 Hy —

2091 X54 + 247 R6ém (12)

Ng =39, Ny =17, S=11.111°C, RMSEtr = 10.375,
RMSEpr = 11.4928. F = 60.4552

R? =0.876, Q* .00 = 0.841, Q* |mo = 0.848, Q% =
0.848.

The statistical parameters that evaluate the model are
listed in Table 3, from this table we can conclude that the
statistical parameters of the developed model have very
good predictive performance and that the descriptors in
which it is involved describe well the boiling point. The
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developed model satisfies the above accept conditions
(Equations (5-9)).

Statistical parameters and the meanings of descriptors
are grouped in Table 4. The probability (P) that the
descriptor is there by chance, should usually be less than
0.05 (i.e., 5%) to be considered statistically significant;
otherwise this descriptor should be thrown out, the P-
values suggests that all the descriptors in each model are
significant. The high absolute t-values means that the
regression coefficients of the descriptors introduced in
the model are significantly larger than the standard
deviation, values of VIF less than 5 indicate that the
descriptors are not strongly correlated with each other.”

Another proof of the model quality is the strong
correlation between observed and predicted Bp values for
both training and prediction sets. Figure 1 illustrates the
predicted values of the boiling point versus the
experimental values, the correlation coefficient (R?
0.876) of this plot indicates the good agreement between
these values, which prove the reliability of the model.

m Training ¢ Prediction
350 -
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Figure 1. Scatter plot of experimental and predicted boiling

point.
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Figure 2. The respective Williams plot of standardized residual
versus leverages for the model.
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Table 3. Evaluation results of the developed model
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Training set Prediction set
R’ Qoo 0% Lmo Q% (R*-R%) | R? (R*-R*%) | R? k K

0.8767 0.841 0.831 0.848 0.0059 0.0244 0.9907 1.0068
Table 4. Characteristics of the selected descriptors in the model

Predictor Descriptors signification Coefficient ~ SE Coef T P VIF
Constant 313.58 22.68 13.83  0.000
PWS5 Path/walk 5 - Randic shape index 1662.9 173.3 959  0.000 1.358
Hy Hydrophilic factor 70.871 6.910 10.26  0.000  1.364
X5A Average connectivity index of order 5 -2091.3 2355 -8.88 0.000 1.222
R6M R autocorrelation of lag 6 / weighted by 24716 5783 497 0.000 1471

mass

Figure 2 shows the Williams plot. As can be seen in
this figure, all residuals were situated on the range of +3
standard deviations (horizontal lines) and also there is no
structural influential compound both for training and
prediction sets (here, the leverage value hi of all data sets
are lower than the warning value h* = 0.38), which
means that the model has a good predictive ability. So,
the developed model could be used to predict the boiling
point of phenolic compounds just from their molecular
structure.

The Y-scrambling tests between the original and
permuted response data indicate the robustness of the
model. The significant low values of R2ys, and Q%ve
(black circle) obtained for 100 iterations confirm the
robustness of the developed model (asterisk). Figure 3
shows that in the case of all randomized models, the
values of R?Y, and Q?Ys, were < 0.5 this insure that the
good results of the original model have a real basis, not
due to chance correlation.

3.1. Descriptor contribution and interpretation

In order to verify the relative contributions of the four
descriptors in the developed model, they are illustrated in
Figure 4. The importance of the descriptors included in
the model decreases in the following order: Hy
(28.155%) > PW5 (27.476%) > X5A (26.844%) > R6m
(17.524%).

The most significant descriptor is a hydrophilic factor
(Hy), which gives a correlation with Bp of 0.196 and
explains 28.155% of the contributions. The hydrophilic
factor is a simple empirical index related to the
hydrophilicity of compounds based on count
descriptors.® It is a measure of the number of
hydrophilic functional groups (-OH,-SH,-NH).** The
Molecular property descriptor here digitizes the
hydrophilic properties of the molecules caused by the
group “«oH”.*

#Handomized Models mDeweloped model

Contribution %

PW5

Hy X5A
Descriptors

R6m

Figure 3. Randomization test: R? and Q? of
models compared with the original model.

Y-scrambled
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Figure 4. Relative contributions of the descriptors in the
developed model.
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The second significant descriptor is PW5, which gives a
correlation with Bp of 0.566 and explains 27.47% of the
contributions. PW5 is a topological index that considers
the shape of molecules as molecular properties in the
variations of compounds.” The shape of molecules with
a specific kind of branching was also selected as a
significant descriptor in the QSAR model developed by
Mitra and co-workers.** The variation in branching
structural features has also been considered by Ray and
co-workers™ to develop the specific QSAR model. PW5
refers to the proportions of path/walk-in length 5 from
the molecular Randic shape index. Randic™ characterizes
shape index for a molecular graph by considering both
paths and walks of different lengths within a graph and
then making the proportions of the number of path and
the number of walks the same length. The third
descriptor is X5A, this descriptor belongs to Connectivity
indices descriptors; X5A is the fifth-order average
connectivity index appearing in the MLR model mainly
shows the topological characteristics. Topological indices
are numerical quantifiers of molecular topology and an
H-depleted molecular graph. They involve one or more
structural features of the molecule such as the size,
shape, symmetry, and branching and can also codify
chemical information about atom type and bond
multiplicity.”” The last descriptor is R6m belongs to
GETAWAY descriptor, and provides information on the
molecular leverage autocorrelation of lag 6 weighted by
atomic mass. R6m is a geometrical descriptor encoding
information on the real position of substituent and
fragments in the molecular space.”®*

4. CONCLUSIONS

In this work, quantitative relationships between the
boiling point and some phenolic compounds, and their
molecular descriptors were investigated by using
multiple linear regression techniques. Genetic algorithm
is a powerful method used to reduce the number of
descriptors in the development of the models. The
selected descriptor in this study gives a good estimate for
boiling point, indicated by several calculated metrics, R?
for the goodness of fit, QZLOO and Q?_yo for robustness,
and Q%ext for the predictive power of the model. Also,
the applicability domain of the MLR model is verified by
the leverage approach. In conclusion, the model proposed
in this work provides a feasible, effective and practical
tool to predict the boiling point of phenolic compounds.
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ABSTRACT

Al/p-Si/Al diodes with interfacial native oxide layer were
formed. Their frequency induced admittance-voltage
measurements were made. The frequency-dependent density
distribution of interface states has been determined from the
corrected characteristics by considering the series resistance
effect which masks the interface trap loss. The majority carrier
density corresponding to the depletion and inversion parts of
the C2-V curve, was determined 1.82 x 10** and 4.48 x 10%*
cm at 1000 kHz, respectively. The fact that the carrier density
obtained from the inversion part of the plot is higher than that
obtained from the depletion part can be related to the increase
in the density of negative space charge in the depletion
region.The value of @, was determined as 0.95 eV from the
same plot. Interface state density decreased from 4.31 x 10%
eViem? at 100 kHz to 7.30 x 10" eV cm? at 1000 kHz,
because the interface charges do not follow the ac signal and do
not contribute to capacitance values in high frequencies.

MIS diodes,
conductance

Keywords: Metal-semiconductor
interface states,
characteristics.

contacts,
capacitance characteristics,

Dogal oksit araylizey tabakali Al/p-Si yapilarda
admittans karakteristikleri lizerine 6l¢iim
frekansinin etkisi

0z

Araylizey dogal oksit tabakali Al/p-Si/Al diyotlar imal
edildi. Onlarin frekans bagimli admittans voltaj 6lgiimleri de
yapilmustir. Arayiiz durumlarinin frekans bagimli yogunluk
dagilimi, ara yiizey tuzak kaybin1 maskeleyen seri direng etkisi
dikkate  alinarak  diizeltilmis  admittans  datalarindan
belirlenmistir. C2-V egrisinin tikenim ve tersinim kisimlarina
karsilik gelen ¢ogunluk tasiyici yogunlugu 1000 kHz’de
strastyla 1.82 x 10™ and 4.48 x 10* cm™ olarak belirlenmistir.
Egrinin tersinim kismindan elde edilen tasiyici yogunlugunun,
tikenim kismindan elde edilen kinden daha fazla olmasi,
tikenim bolgesindeki negatif uzay yiikii yogunlugunun
artmastyla iligkilendirilebilir. @y nin degeri ayni grafikden
0,95 eV olarak belirlenmistir. Arayiizey hallerinin yogunlugu
100 kHz'de 4.31 x 10" eV'em™ 'den 1000 kHz'de 7.30 x 10™
eV cm? ye diigmiistiir, ¢iinkii arayiizey yiikleri ac sinyalini
takip edememektedir ve yiiksek frekanslarda kapasitans
degerlerine katkida bulunamamaktadir.

Anahtar Kelimeler: Metal-yariiletken kontaklar, MIS diyotlar,
arayiiz halleri, kapasitans ozellikleri, iletkenlik 6zellikleri.

1. INTRODUCTION

The quality and understanding of the
metal/semiconductor (MS) devices such as bipolar
transistors, photodiodes, rectifiers, MS field-effect
transistors (MESFETS) and metal/oxide
layer/semiconductor FETs (MOSFETS) depend on the

129

electrical ~ properties and the production of
metal/semiconductor ~ contacts. In  general, in
metal/insulating layer/semi-conductor (MIS) device

fabrication, the rectifying contact metals may cause some
damage onto the semiconductor substrate surface and
thus an insulating or oxide layer deposition on the
surface of substrate may prevent possible damage.l"7
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The available defects at the interfaces of metal-
semiconductor (MS) or metal-insulating layer-
semiconductor  (MIS) or  metal-oxide layer-
semiconductor (MOS) structures are generally called the
interface traps or states. The charges in the interface
states can capture or emit electrons (holes), and thus
interact with the conduction (valence) band of
semiconductor. The interface state energy or density
distribution can be estimated through the energy loss
resulting from changes in their occupancy by small
variations of gate voltage. Majority carriers are captured
or emitted and subsequently changes in occupancy of
interface trap and energy loss emerge. The energy lost
during capture of the majority carriers is taken up by
phonons, heating the lattice. This energy loss is measured
as an equivalent parallel interface state conductance. In
addition to an energy loss associated with capture and
emission, interface traps also can hold a charge for some
time after capture. That is, interface traps store charge.
Therefore, there will be an interface state charge
capacitance proportional to interface trap level density.
The total energy loss depends on the interface trap
density and its relaxation time.***

Herein, Al/SiO,/p-Si/Al MIS diodes were fabricated.
The SiO, native oxide has formed on the clean Si wafer
surface exposed to clean room air. The capacitance-
voltage (C-V) and conductance-voltage (G-V)
characteristics of the MIS diode were measured at
various frequencies. The interface state density
depending on frequency was calculated from the
corrected C-V and G-V characteristics taking into account
the series resistance effect which masks the interface trap
loss."® Intrinsic surface states existing at the
semiconductor surface before rectifying metal contact
have an important role in Schottky barrier formation. The
dangling band of the Si surface can be saturated by the
native SiO, thin layer. The termination with SiO2 thin
layer causes the variety of notable properties of the
silicon surface after exposing to clean room air.
Electronically, it is significantly inactive with a largely
reduced density of surface states in Si energy band

gap.4-10

2. PREPERATION OF SAMPLES AND MEASURE-
MENTS

Al/SiO,/p-Si/Al MIS diodes were prepared using p-
type Si(100) with resistivity of 1-10 Q-cm and average
free carrier concentration of 2.28 x 10 ¢cm™. The low
resistivity ohmic back contact to p-type Si(100) wafers
was made using Al, followed at 570°C for 3 min under
nitrogen gas. The native oxide layer on the clean front
surface of the wafer with ohmic contact formed because
the wafer was exposed to clean room air at room
temperature before evaporating Al Schottky contacts.
The front surface of pieces cut from the wafer with
ohmic back contact was chemically cleaned using the
RCA cleaning procedure and finally has been rinsed in
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de-ionized water for 30 s. Prepare RCA bath; 5 parts
water (H,0), 1 part 27% ammonium hydroxide
(NH,OH), 1 part 30% hydrogen peroxide (H,0,). Soak
wafer in RCA-1 bath at 70°C for 15 min. DI rinse and
blow dry. Clean up, dispose wastes (Werner Kern
developed the basic procedure in 1965 while working
for RCA, the Radio Corporation of America; The RCA
Corporation is a major American electronics company,
which is founded as the Radio Corporation of
America in 1919)."* The Schottky contacts have been
formed onto the front surface of slices by evaporation of
Al dots with diameter of about 1.75 mm (diode area =
2.41 x 107 cm?). All evaporation processes were
performed in a turbo molecular fitted vacuum coating

unit at about 10® mbar. The G-V and C-V
characteristics were measured by a HP model 4192A LF
impedance analyzer, respectively, at room temperature
and in the dark.

3. RESULTS AND DISCUSSION
3.1. Impedance characteristics of the diodes

Figures 1a and 1b represent the forward and reverse
bias capacitance against voltage curves at various
frequencies and 300 K. For the forward branch case of
the MIS diode, a negative voltage is applied to the
Al/SiO; side that is, to the gate metal, with respect to the
p-Si/Al side, a negative charge will exist on the top of Al
Schottky contact metal, and an electric field is induced
into the p-Si semiconductor substrate. Thus, the majority
carrier holes would experience a force toward the native
oxide/semiconductor interface and an accumulation layer
of holes at the native oxide/semiconductor contact
corresponds to the positive charge on the bottom Al
Schottky contact metal of the MIS capacitor. We will
return to the descriptions of the capacitance-voltage
characteristics later, that is, depletion region and
inversion layer in the reverse branch of the MIS diode.

Figures 1la and 2 represent the forward and reverse
bias C-V and G-V curves at various frequencies and 300
K. The formed accumulation region corresponds to the
saturation region in about 7.5-10 V range at forward
branch at 1000 kHz in Figure 1la. The capacitance value
of Cox = 422 pF is the capacitance of the native oxide
layer at 1000 kHz, and the thickness value of the oxide
layer can be calculated using Cox value. The capacitance
of the interfacial layer of a MIS diode is given in Eq. (1).

SOXSOA

Ch. =
0x d

@)
where gyy = 3.9 is the permittivity of the interfacial SiO,

native oxide layer'” and d is its thickness, respectively,
&g is the permittivity of free space and A is the area of Al

Schottky contact.
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A value of 65.80 nm for the thickness of the interfacial
layer was found using Co, value in Eq. ( 1).

However, due to the series resistance effect, we
cannot obtain the actual value of the thickness. The series
resistance can cause a serious error in the extraction of
the interfacial properties. To avoid this error, a correction
should be applied to the measured admittance before the
desired information is extracted.**” The series resistance
Rs and interfacial layer capacitance Coy, for the MIS

structure can be calculated from Equations (2-4):4

Gma
Ry =|—ma 2
s [(WCma)2 + G,%m] ()
C()x
Crg = ——— 2 3
me1 4 (WRSCOX)2 ®)
ma
Coxz = Cina [1 + m] 4)
ma

where w = 2xf is the angular frequency of the ac signal
and f is the frequency in Hz or s™. Cpn, = 422 pF and Gy,
= 7.10 x 10® F/s are the measured conductance and
capacitance in the strong accumulation region in Figures
la and 2. Eg. (4) was obtained from Equations (2) and
(3). The Coy, and Rg values were found as 3448 pF and

123 Q from Equations (2) and (4) for the accumulation
region, respectively. This corrected capacitance value of
Coxo = 3448 pF is eight times larger than the capacitance
value of Cy, = 422 pF. A corrected value of 8.06 nm for
the thickness of the interfacial layer SiO, was obtained
using value of Cyy, = 3448 pF in Eqg. (1). As can be seen
from explained above, the series resistance completely
masks interface trap loss, and especially the equivalent
parallel conductance is much more sensitive to the series
resistance than capacitance. Therefore, it can be said that
the correction made considering the series resistance is
particularly important in conductivity
measurements. %

The free carrier density was determined from the
slopes of the C?2V curves obtained using Eq. (5)
(Figure 3).

2
N —
AT gEE,(dC2/dV)A?

)

Furthermore, the barrier height @, of the MIS diode
from the C-V curves can be determined using Eq. (6).
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_ 2(Vpo + Vo)

C2="—"—"r—>
qgngNAAZ

(6)

where q is the electronic charge, &; is dielectric constant
of the semiconductor substrate, the diffusion potential is
given by Vpo = (®cy — V3,), V, is the potential difference
between Fermi level and the valance band maximum in
the neutral region of p-type semiconductor in the energy
band diagram of the metal/p-type semiconductor
rectifying contact, and it is stated by Eq. (7).

Ny
V;) = kTln (N—>

A

()
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where Ny = 1.04 x 10" cm™ is the state density in the
valance band."

Now let us consider the case when a still larger
positive voltage is applied to the top metal gate of the
MIS diode. A larger negative charge in the MIS diode
indicates a larger induced space charge region. Thus, the
surface of the p-type Si semiconductor is inverted from a
p-type to an n-type semiconductor, and an inversion layer
of electrons forms at the native oxide
layer/semiconductor interface. This region corresponds to
the part ranged from -1.0 V to -3.0 V of the C?- V curve
in Figure 3. A majority carrier hole density of 4.48 x 10
cm™ was calculated from the inversion layer part of the
C™-V curve using Eq. (5).
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Again, let us deal with the C-V and G-V curves in
Figures 1la and 2, the reverse branch case of the MIS
diode, when a positive voltage is applied to the Al/SiO,
side, that is, to the gate metal, with respect to the p-Si/Al
side; a positive charge will exist on the top Al Schottky
contact (gate metal) in this case, majority carrier holes
will experience a force away from the native oxide
layer/semiconductor interface. As the holes are pushed
away from the Al/SiO; interface, a negative space charge
induced depletion region is created because of the fixed
ionized acceptor atoms. The depletion region ranges from
0.0 V to -0.6 V in Figure 4 which shows C? versus V
curve at 1000 kHz and 300 K. The majority carrier holes
density of the p-Si substrate can be from the part
corresponding to the depletion region of the C*- V curve.
A carrier concentration value of 1.82 x 10* cm™ was
calculated from this part of the C-V curve from Eq. (5).

A value of 0.25 V for V;, was obtained from the
equation above. For example, the value of &, can be
determined from the fit to the linear C%V curve
corresponding to depletion region in (0.0 V) — (-0.6 V)

range in Figure 3. Thus, the intercept of the linear C2
versus V plot with V axis was obtained as V, = Vp, =
070V, and ®@g =(V, + Vpo) = 095 V. This
calculation was repeated for the linear C2-V curve
corresponding to depletion and inversion region at each
frequency and thus, Figure 4 is plotted.

For the MOS devices, corrected capacitance and
equivalent parallel conductance at a given frequency can
be written as follows:"

[GR + WCn)*1Cn

¢~ WCp)?% + a? ®
_ [Grzn + (WCm)z]Cm
€T (wCp)? + a?
(WCCRS)Z
9

1 + (WC.R,)?

where a = G,, — [G4 + WC,,)?]R, and C,, and G, are
the capacitance and the equivalent parallel conductance
measured across the terminals of the MOS capacitor at
each frequency, that is, C,, and G, values come from the
experimental C-V and G-V curves in Figures 6 and 8.
Figures 7 and 9 illustrate the corrected and non-corrected
experimental forward and reverse bias C-V and G-V
characteristics at 500 kHz frequency and 300 K
temperature, as an example, respectively.

The R, value from the accumulation region using Eq.
(2) at each frequency is used in these calculations. The
absence of a peak in the non-corrected G-V curves means
that the series resistance produced the dominant loss and
completely masked the interface trap loss. The series
resistance effect are clearly apparent in Figures 7 and 9,
and the greatest error in the capacitance occurs in
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accumulation and a portion of the depletion
region.”*****" As can be seen, it is not possible to
neglect series resistance in each case. Therefore, the
series resistance must be measured and applied as a
correction to the measured admittance.******’

The following Hill-Coleman equation'® was used to
determine the density distribution of the interface states,

2 (6/&)m
qA {[(G/®)m/Cox2]?+(1-Cm/Cox2)?}

Ny = (10)

where C,, and G,/w are the measured or experimental
capacitance and conductance peak values at given each
frequency.
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The oxide layer capacitance C,y, is the value calculated
from Eq. (4). Frequency dependent interface state density
distribution, N, plot is presented in Figure 10 and it can
be seen that the N depends strongly on the frequency.
As can be seen from Figure 10, the Ng increases with
decreasing frequency because it can follow the ac signal
and it contributes capacitance values in low frequencies.
It can be clearly from Figure 3 that the capacitance has
higher value in lower frequency than that in the higher
frequencies. Hence, this confirms that the high
capacitance in lower frequencies can be attributed to
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Thereby, interface state density decreased from
4.31 x 10" eV cm? at 100 kHz to 7.30 x 10* eV cm™?
at 1000 kHz. Figure 11 illustrates frequency induced
impedance (Z) versus voltage characteristics of the
Al/SiO,/p-Si/Al MIS diode. The impedance of a circuit is
described as the ratio of the phasor voltage and the
phasor current measured in ohms. We note that the
impedance modulus is so high under reverse-bias. The
impedance of the device increased with decreasing
frequency at a given voltage.
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4. CONCLUSIONS

The majority carrier density corresponding to the
depletion and inversion parts of the C-V curve, at 1000
kHz, for the Al/SiO,/p-Si/Al MIS diode has been
determined 1.82 x 10™ and 4.48 x 10* cm™®, respectively.
The fact that the carrier density from the inversion part
becomes more than that from the depletion part may be
attributed to increase of the negative space charge density
in the depletion region due to the charges in the inversion
region that the surface of the p-type Si semiconductor is
inverted from a p-type to an n-type semiconductor. The
value of @, can be determined a value of 0.95 V. With
an increase in frequency, interface state density
decreased from 4.31 x 1012 eV-1 cm-2 at 100 kHz to
7.30 x 1011 eV-1 cm-2 at 1000 kHz, since the interface
charges cannot obey the ac signal and cannot contribute
to capacitance values in high frequencies.
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ABSTRACT

Activated biomass charcoal produced from peanut shells
was utilized as an adsorbent for the removal of basic red 2
(BR2) dye from aqueous solution in batch and column systems.
In batch system, the effects of shaking time, initial BR2
concentration, solution pH and temperature on the adsorption
were studied. While the adsorption was increasing with
increasing contact time, initial BR2 concentration and
temperature, it decreased with increasing solution pH. In
column system, the effects of solution flow rate and initial BR2
concentration were investigated. The adsorption of BR2 was
determined between 82.40 and 99.91% under all conditions
such as concentration, temperature and pH for batch system.
The column adsorption was found as 99.50%. Adsorption
obeyed the Freundlich isotherm and and the pseudo-second
order kinetic model. SEM and FT-IR studies indicated that a
surface adsorption might probably be occurred on the
heterogeneous surface of activated biomass charcoal.

Keywords: Peanut shell charcoal, basic red 2, adsorption,
column.

Bazik kirmiz1 2 boyasinin kesikli ve kolon
sistemlerinde aktiflestrilmis biyokiitle komiirii

tarafindan adsorpsiyonu

0z

Yerfistigi kabuklarindan iretilen aktiflestirilmis biyokiitle
komiirii, kesikli ve kolon sisteminde bazik kirmizi 2 (BR2)
boyasinin sulu ¢6zeltiden uzaklastirilmasi igin bir adsorbent
olarak kullanildi. Kesikli sistemde adsorpsiyon iizerine
calkalama siiresi, baslangic BR2 konsantrasyonu, ¢dzelti pH’s1
ve sicakligin etkileri incelendi. Adsorpsiyon temas siiresi,
baslangic BR2 konsantrasyonu ve sicaklik ile artarken artan
¢ozelti pH’s1 ile azaldi. Kolon sisteminde ¢ozelti akis hizi ve
baslangic BR2 konsantrasyonunun etkileri incelendi. Kesikli
sistem igin, konsantrasyon, sicaklik ve pH gibi tiim sartlar
altinda BR2 adsorpsiyonu %82.40 ve 9%99.91 arasinda
belirlendi. Kolon adsorpsiyonu ise %99.50 olarak bulundu.
Adsorpsiyon Freundlich izotermi ve sozde ikinci dereceden
kinetik modele uyum gosterdi. SEM ve FT-IR incelemeleri,
aktiflestirilmis biyokiitle komiiriin heterojen yiizeyinde Dbir
yiizey adsorpsiyonunun meydana gelmis olabilecegine isaret
etti.

Anahtar Kelimeler: Yerfistigi kabugu komiirii, bazik kirmizi
2, adsorpsiyon, kolon.

1. INTRODUCTION

Matrix structural molecules comprising lignin,
cellulose and hemicellulose are known as lignocellulosic
materials. Such substances generally constitute the class
of forest origin and agricultural wastes. For example, tree

136

barks,"* tree leaves/leafs,”’ wood sawdust®’ fruit

peels/shell,l?"16 pirina or olive oil wastes/olive
pomace/olive stone,”” " shells of hard-shelled fruits such
as walnut, almond, hazelnut,”** husks and straws
of cereals such as wheat, barley,25 peanut shell, %
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vineyard  pruning  wastes,”® are  agricultural
lignocellulosic waste materials. As alternative to
activated carbon, these materials have commonly been
used as adsorbents in removing the metals and dyes from
aqueous medium. Of these low cost waste materials, with
use of peanut shell, some works have been reported for
metal and dye adsorption in the literature. For instance,
peanut shell pretreated with HCI1 has been utilized as an
adsorbent for remazol brilliant blue R removal.*

For instance, basic red 2 (BR2) adsorption by peanut
shell has been worked by Sakalar and co-workers.”” In
another study, peanut shell has been utilized as an
adsorbent for remazol orange RGB removal from
aqueous solution.”® On the other hand, some alternative
materials produced from peanut shell have also been used
as adsorbents for dye adsorption. For example,
polyurethane-type foam fabricated from peanut shell has
been utilized for the sorption of remazol brilliant blue
R¥ and safranin-O dyes™ Moreover, sodium hydroxide-
activated biochar produced from peanut shell has been
used as an adsorbent for remazol orange RGB removal.*
Herein, activated biomass charcoal produced from peanut
shell has been utilized as an adsorbent to remove BR2, a
cationic dye, from aqueous medium by adsorption. Such
a study has not been done before, and therefore this work
is original. The effects of shaking time (ie. the contact
time of adsorbent with dye solution), initial dye
concentration, pH and temperature on the adsorption
process have been studied. Moreover, column adsorption
study, SEM and FT-IR analyses has also been performed.
All results obtained have been interpreted in detail.

2. MATERIALS AND METHODS
2.1. Materials
2.1.1. Adsorbent charcoal

Peanut shell wastes as raw material for the production
of adsorbent charcoal were taken from Osmaniye
province of Turkey. Firstly it was washed and dried in an
oven. Then, the dried peanut shells were powdered by a
crusher and sieved throughout a 100-mesh molecular
sieve for charcoal production.

2.1.2. Adsorbate BR2

Basic red 2 (BR2), color index 50240, was provided
from Carlo Erba, and it was used as taken in the
adsorption experiments. BR2 is a positively charged
cationic dye and it has a molecular mass of 350.85 g/mol.
The synonym name of this dye is safranin-O°° or safranin
T.* Its UPAC name is 3,7-diamino-2,8-dimethyl-5-
phenylphenazinium chloride.*® The spectral analysis of
BR2 was recorded on a UV-Vis spectrophotometer, and
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its absorption spectra recorded for various concentrations
are presented (Figure 1). As seen from this figure, the
maximum absorbance wavelength of BR2 is 517-520
nm. The molecular structure of BR2 is presented in
Figure 2. Some physical properties of BR2 are given
elsewhere.”"**
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Figure 1. UV-Vis spectra of BR2 (top to bottom
concentrations: 150 mg 1%, 100 mg I, 75 mg I, 50 mg "%, 20
mg 1%, and 10 mg I%).
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Figure 2. The molecular structure of BR2.

2.1.2.1 Preparation of BR2 solutions

500 mg 1! stock solution of BR2 was prepared using
distilled water. The desired concentrations of BR2 were
prepared from the stock. Solution pHs were adapted with
diluted HCI and NaOH solutions by a pH meter.

2.2. Methods
2.2.1. Production of the activated biomass charcoal

In this section, firstly charcoal was produced and then
the charcoal was activated chemically. The biomass

charcoal was produced from peanut shell wastes
using pyrolysis system.
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This system  designed  for coal production was
manufactured in the industry and shown schematically in
Figure 3. The biomass charcoal are produced as stated in
our another study.** Then biomass charcoal obtained was
activated chemically as described in the following.
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Figure 3. Schematic representation of the
designed for charcoal production.

pyrolysis system

2.2.1.1. Activation of the biomass charcoal

The biomass charcoal obtained was activated
chemically because it did not well adsorb BR2 dye. For
this purpose, the biomass charcoal was activated using 1
N NaOH solution as described elsewhere.** The obtained
activated biomass charcoal stored for adsorption
experiments.

2.2.3. Characterization of the activated biomass
charcoal

Characterization of the activated biomass charcoal
was conducted by scanning electron
microscopy (SEM), Fourier Transformed Infrared (FT-
IR), elemental analyzer, and specific surface area and
porosity analyzer. The composition content of the
biomass charcoal was performed by an elemental
analyzer (LECO CHNS-932 analyzer). Functional groups
of the biomass charcoal were determined using a FT-IR
spectrophotometer (FTIR RX-1 Perkin Elmer ATR
spectrophotometer). Surface morphology of the charcoal
was recorded by a SEM (LEO 435 VP SEM). Specific
surface area and porosity were measured by a N, gas
adsorption device (Micromeritics Instrument
Corporation).

2.3. Adsorption Experiments
The experiments were conducted by adding 0.25 g of

the activated biomass charcoal to 50 ml of BR2 solution
in 250-ml erlenmeyers in a temperature-controlled
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shaking water bath for different initial BR2
concentrations, temperatures and pHs and at various
shaking times at 130 rpm. Following the estimated
shaking times, the samples were taken from shaking
water bath and centrifuged. After centrifugation, the
supernatants were analyzed at 517 nm (maximum
wavelength) on T80 UV-Visspectrophotometer.

The percent adsorption (PA) of BR2 from aqueous
solution was determined using Eq. (1).

(Co—Ct)
Co

PA = x 100 (1)

The amount of BR2 removed by the activated
biomass charcoal was estimated from Eq. (2).

(Co—CV
m

qc = (2)

where, q; refers the adsorbed BR2 amount per unit
adsorbent mass at any time (in mg g*). C, and C, show
the initial dye concentration and the adsorbed BR2
concentration on the adsorbent at any time (in mg 1),
respectively. V shows the working volume of BR2
solution (in liter), and m indicates mass of the activated
biomass charcoal (in gram). At the equilibrium time, C;=
Ceand g; = ge. C. is the unadsorbed BR2 concentration in
solution at equilibrium time (in mg 1™). g, indicates the
adsorbed BR2 amount per unit of adsorbent mass at the
equilibrium time (mg dye per g adsorbent).

2.4. Experimental parameters on the adsorption
2.4.1. Shaking time effect

Shaking times on the adsorption of BR2 by the
activated biomass charcoal were selected as 1, 2, 3, 4, 5,
10, 20, 30, 45, 60, 75, 100 min under all experimental
parameters in terms of initial dye concentrations, pHs
and the temperatures.

2.4.2. Initial dye concentration effect

The initial concentrations on BR2 adsorption by the
activated biomass charcoal were selected as 10, 20, 50,
75, 100 and 150 mg 1" at, 40°C, pH 3 and 130 rpm.

2.4.3. pH effect

The values of solution pH on BR2 adsorption by the
activated biomass charcoal were adapted between 3 and 9
for 150 mg I " initial concentration at 40°C and 130 rpm.
pHs of BR2 solutions were adjusted with dilute sodium
hydroxide and hydrochloric acid solutions by a pH meter.



Int. J. Chem. Technol. 2019, 3 (2), 136-145

DOI: http://dx.doi.org/10.32571/ijct.650476

2.4.4. Temperature effect

The temperatures on BR2 adsorption by the activated
biomass charcoal were worked between 20 and 60°C for 150
mg | " initial concentrations at pH 3 and 130 rpm.

2.5. Column adsorption

Column adsorption works was carried out for the
initial concentrations between 10 and 150 mg | " at pH 3
and 23°C (at room temperature). The flow rate of BR2
solution was 21 ml h™.

3. RESULTS AND DISCUSSION

3.1. Characterization of the activated biomass char-
coal

3.1.1. Elemental analysis, specific surface area and
porosity

As given in our another study,® the elemental
analysis results of the activated biomass charcoal indicate
that the activated carbon include 50.34% C, 4.280% H,
2.911% N, and 0.524% S. Specific BET surface area was
as found 1.599 m* g, and porosity was 0.00195 cm® g%,

3.1.2. SEM analysis

The SEM photographs before and after the adsorption
are illustrated in Figure 4. As seen from Figure 4a, the
surface of the activated carbon is rough, indented and
protruding, namely the surface is heterogeneous. After
the adsorption of the dye, any change in the
heterogeneous structure of the activated biomass charcoal
does not occur. Only the surface has become with more
blurred image due to dye adsorption (see Figure 4b).

3.1.3. FTIR analysis

FT-IR spectra of the biomass charcoal, the activated
biomass charcoal and dye-adsorbed activated biomass
charcoal are shown in Figure 5.

The broad band at 3294.84 cm™* refers —OH groups of
glucose and —NH groups of proteins.38 The strong
absorption band at 2926.42 indicates aliphatic C-H
vibrations.*® After the biomass charcoal was activated
with NaOH, the broad band at 3294.84 cm ™ significantly
shifted to 3222.09 cm ' and its intensity remarkably rose.
After activation, the peak intensity at 2926.42 cm*
declined. The peaks at 1434.98 and 1373.71 cm™
indicate the C = O stretching of carboxylic groups.40
After the activation, the peak at 1434.98 diminished. The
peak at 1373.71 cm* very slightly shifted t01373.61
cm , but this peak broaden and its intensity remarkably
ascended. The band at 1574.65 cm™* probably indicates
aromatic C - C stretching.** After the activation and dye
adsorption this peak did not change. After the adsorption
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two strong new peaks at 2117.20 and 1216.97 cm™*
occurred. The band at 2117.20 cm* probably indicates
C = C stretching due to the structure of the dye after the
adsorption. Band at 1216.97 cm™* probably shows C-H
stretching in the structure of the dye.* After the
activation, a new band at 1065.16 cm * appeared. This
band probably refers to the out of-plane bending for
carbonates in the activated biomas charcoal.*" After BR2
adsorption, this band greatly shifted to 1013 cm*. The
peaks at < 1000 cm * indicate fingerprint zone resulted
from sulfur or phosphate,”” and these peaks did not
almost change after the carbonization and the dye
adsorption. FT-IR results imply that a chemical
interaction may have taken place between the functional
groups on the surface of the activated biomass charcoal
and positively charged BR2 molecules.

a)

St A = 561

Figure 4. The SEM images, a) the activated biomass charcoal
before adsorption, b) dye-adsorbed activated biomass charcoal
after adsorption.

3.2. Shaking time effect and the adsorption
equilibrium time

Effect of shaking time on BR2 adsorption was studied
for different initial BR2 concentration, pH and
temperature at different shaking times. The maximum
adsorption was attained at 5 min under all the experimen-
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Figure 5. FT-IR spectra: a) the biomass charcoal, b) the activated biomass charcoal, ¢) dye-adsorbed activated biomass charcoal.

tal conditions. After 5 min, any increase in the adsorption
did not observe. Therefore, the equilibrium time of the
adsorption was determined as 5 min.

3.3. Initial dye concentration effect

Figure 6 demonstrates the effect of initial dye
concentration on the adsorption. As seen from the figure,
it was determined that BR2 was highly adsorbed by the
activated biomass charcoal from the first minutes and
reached the maximum level at 5 min. There was no
change in the adsorption after 5 min. The maximum
adsorption (ie. adsorbent capacity) at 5 min was found as
1.958 mg g™ (97.93%), 3.903 mg g™ (97.59%), 9.913 mg
gt (99.13%), 14.826 mg g™ (98.84%), 19.853 mg g*
(99.26%), and 29.868 mg g (99.56%) for all
concentrations between 10 and 150 mg I, respectively.
This refers a very rapid interaction between the activated
biomass charcoal and BR2 molecules. In addition, it was
observed that the red color of BR2 completely
disappeared and became clear from the first minute. This
situation was also observed in pH and temperature
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studies. A similar situation has been observed for BR2
adsorption onto peanut shell.”’
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Figure 6. The effect of initial BR2 concentration on the

adsorption (pH: 3, T: 40°C, w/v: 0.25g/50 ml).
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3.4. pH effect

Figure 7 illustrates pH effect on BR2 adsorption by
the activated biomass charcoal.
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Figure 7. pH effect on BR2 adsorption (Co: 150 mgl™, T:
40°C, w/v: 0.25g/50 ml).

As seen from Figure 7, a very high adsorption was
observed at all pH values from the first minutes and it
was observed that it reached the maximum level at 5 min.
The maximum adsorption (i.e. the adsorbent capacity) at
pH 3, 5, 7 and 9 within 5 min was determined as 29.983
mg g™ (99.91%), 29.864 mg g™ (99.54%), 29.817 mg g*
(99.39%) and 29.874 mg g™ (99.58%), respectively. It
was considered that it was suitable to study at any pH
value, since the adsorbed amounts at each pH were very
high and very close to each other. As seen from this
figure, it was observed that pH had no effect on the
maximum adsorption.

3.5. Temperature effect

Figure 8 demonstrates temperature effect on BR2
adsorption by the activated biomass charcoal. From this
figure, it is seen that the maximum adsorption slightly rise
with increasing the temperature. The most adsorption was
observed to occur at 60°C. While the adsorption in the
first min at 20 and 30°C was 12.42 mg g™ (82.84%) and
13.17 mg g (87.86%), the maximum adsorption (i.e. the
adsorbent capacity) was found as 14.89 mg g™ (99.65%)
and 14.89 mg g™ (99.28%) in 5 min, respectively. On the
other hand, the adsorption within the first 5 min at 40, 50
and 60°C was very close to each other and the maximum
adsorption was reached within 5 min. The maximum
adsorption (i.e. the adsorbent capacity) at 40 and 60°C
was estimated as 29.86 mg g™ (99.56%) and 29.94 mg g*
(99.80%), respectively. The maximum adsorption at 40°C
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and 60°C are very close to each other, and the maximum
adsorption are determined as 14.84 mg g™ (98.84%) and
14.94 mg g (99.60%), respectively.
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Figure 8. Temperature effect on BR2 adsorption (C,: 150

mg ™!, pH: 3, wiv: 0.25g/50 ml).

3.6. Column adsorption study

The operating conditions for the column adsorption
are summarized in Table 1. The system was operated at
23°C and pH 3. As can be seen from this table, a glass
column with 1 cm diameter and 20 cm length was used
for the continuous adsorption system. 2 g dry weight of
activated biomass charcoal particles were packed
between two layers of glass wool in the column. BR2
solution with the predetermined concentrations was fed
through the top of the column.The flow rate of feed
solutions was regulated as 0.35 ml min™ (21 ml h%). The
dye samples passed through the column were collected
from the bottom of the column at specific times. The
samples from the outlet of the column were analyzed by
UV-Vis spectrophotometer. The values of percent

adsorption of BR2 by the column are shown in Figure 9.

Table 1. Column operating conditions

Column diameter, cm 1
Column length, cm 20
Height of bed, cm 10
Packing size, mesh 100
Flow rate, ml h 21
Concentration, mg I™* 10-150
Temperature, °C 23
Solution pH 3
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Intra-particle diffusion

Pseudo-first order kinetics

Pseudo-second order kinetics

Co de (eXp) ki r’ C Q1 Ky r’ [op; k, r’
(mgl™) (mgg") (mgg* (mgg?)  (min?) (mgg®) (mgg*min)
min*?)

10 1.05  0.0018 00354 10575  0.003 003 0002 195 523.05 1
20 390 00091 00137 3.8861  0.017 003 0001  3.87 111.02 0.999
50 991 00043 0.0472 99113  0.004 005 0004 991 11.31 1
75 1482 05571 0.8905 13638  1.015 052 00943  14.88 132 1
100 1985 00651 05632 19719  0.063 039 0201 19.84 25.40 1
150  29.86  0.0582 0.8063 29.734  0.101 043 0598  14.02 14.02 1

As seen from Figure 9, the column adsorption of BR2
was determined to be between 99.17 and 99.47% for all
the concentrations. Besides it was observed that all the
outlet samples are colourless and cleared off the red
colour of BR2. This situation indicates a high affinity
between the functional groups of BR2 molecules and
activated biomass charcoal packed in column. Column
exhaustion time was determined as 15.5 h. When the
flow rate is doubled (ie. 0.70 ml min™ (42 ml h™)), the
adsorption was found to be 99.50%. At the same time,
when the flow rate is worked as 0.70 ml min®, the
accumulation of dye solution in the column was
observed. Therefore, it was seen that an increase in the
flow rate had no effect on the column adsorption. Based
on this, the flow rate was not further increased.

120
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'-5_60- E100 mg I-1
o 75 mg I-1
N
2 40 A 50 mg I-1
X20 mg I-1
20 A1 @10 mg I-1
0 T T T T
0 200 400 600 800 1000
Residence time (min)
Figure 9. Initial BR2 concentration effect on the column

adsorption. (Co: 150 mg 1!, pH: 3, w: 2 g, v: 50 ml, flow rate:
21 mlh™),
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3.7. Kinetic study

Adsorption kinetics was examined according to three
commonly used models. The intra-particle diffusion
model suggested by Weber and Morris is given in

Eq. (3).%

i = kt>+ C 3)
The pseudo-first order kinetic model proposed by
Lagergren is presented in Eq. (4).**
kl
log (9, -a,)=log q, - t 4)

2.303

The pseudo-second order kinetic model put forward
by Ho and McKay is given in Eq. (5).**

t 1 1
—= —+—t (5)
qt k2 qz qe
where, kj implies the intra-particle diffusion rate

constant. k; and k, indicate the rate constants for
the pseudo-first and-second order models, respectively.
g, and ¢, indicate the amounts adsorbed of BR2 per
unit of the adsorbent at any time and equilibrium
time, respectively. The term |<2q22 indicates initial
adsorption rate and is represented with h. All kinetic
studies were conducted for the initial BR2 concentrations
between 10 and 150 mg I* at pH 3 and 40°C. The
obtained all kinetic parameters are submitted in Table 2.

Firstly, the plots of qt against tl/2 for the intra-
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particle diffusion were obtained. The values of
coefficient of determination (r’) from the linear
regression analysis of the plots obtained were
determined as 0.0354, 0.0137, 0.0472, 0.8975, 0.5632,
and 0.8063 for the initial concentrations of 10, 20, 50,
75, 100, and 150 mg 1™, respectively. These low values
show that the adsorption does not follow the intra-
particle diffusion model. Due to the low r? values, the
plots are not given here. However, due to the surface
adsorption, the boundary layer thickness (the value C)
was determined to be rose with increasing initial dye
concentration (see Table 2).

Secondly, the plots of log (ge - qt) against t for the
pseudo-first order model were drawn. The values of
the r? from the linear regression analysis of the plots
were found as 0.0026, 0.0013, 0.0045, -0.9435, 0.2916,
and 0,5989 for the initial concentrations of 10, 20, 50,
75, 100, and 150 mg I, respectively. As seen, the r?
values are very low. Also, there is no any harmony
between the experimental adsorption capacities (Qexp)
and theoretical adsorption capacities (g;) from the
pseudo-first order model. Therefore, the adsorption is
not consistent with the pseudo-first order kinetic model.
Due to low r? values, the plots are not given here.
Finally, the linear plots of t/qt against t for the pseudo-
second order model were drawn (see Figure 10).

3
¢ 150 mg 11
®100 mg I-1
75 mg -1
21 450 mg -1
x20 mg -1
g *10 mg -1
=
1 -
<4
0 ;—%
1 2 3 4 5
t (min)

Figure 10. Concentration effect on the pseudo-second
order kinetics.

From the regression analyses above, the values of
the r? are very high. The values of r’ are 1 for all
initial concentrations between 10 and 150 mg I"* (except
for 20 mg I""). At the same time, there is a harmony
between the experimental adsorption capacities (Qexp)
and theoretical adsorption capacities (g,) from the
pseudo-second order model (see Table 2). Therefore, the
adsorption obeyed the pseudo-second order Kkinetics.
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This situation may be inscribed to a chemical
activation between BR2 dye molecules and the
functional active sites of adsorbent. Similar findings
have been noted for safranin adsorption by peanut
shell,?” carbonized spent coffee ground,45 and kaolinite
clay.”®

3.8. Isotherm study

Adsorption isotherm was investigated by the
Langmuir and Freundlich models used commonly given
elsewhere.**® According to isotherm analyses results, it
is seen that the plot of C /g, versus C, is a contrary to the
Langmuir model. However, the isotherm is in consistent
with the Freundlich model. The k and n values were
estimated from the intercept and slope of the plot of In g,
against In C,, respectively. The values of k and n were
determined as 29.34 mg g™ and 0.58 g I, respectively.
The r? value for the Freundlich isotherm was estimated
as 0.74. This low r? indicates a partial compatibility to
the Freundlich model, which shown a randomness
adsorption of the dye molecules on the adsorbent surface.
A similar result has been noted for BR2 adsorption by
peanut shell.?’

4. CONLUSIONS

In this study, the charcoal was produced from peanut
shells and then this charcoal was activated chemically
with sodium hydroxide. The activated biomass charcoal
obtained was used as an adsorbent in removing BR2, a
cationic dye from aqueous solution in batch and column
systems. The maximum adsorption of BR2 by the
activated biomass charcoal (i.e. adsorbent capacity) was
determined to be 99.91% and 99.50% in batch and
column systems, respectively. It was seen that the
adsorption obeyed the Freundlich isotherm and the
pseudo-second order kinetic model. At the same time, a
surface adsorption was estimated to be occurred on the
heterogeneous adsorbent surface. Alternative to
commercial activated carbon, the activated biomass
charcoal produced from peanut shell was determined to
be used easily for the adsorption of BR2 dye, a cationic
dye.
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ABSTRACT

hPONL1 is an enzyme from the group of A-esterases which
is capable of hydrolyzing the active metabolite paraoxon of
parathion, an organic phosphorus insecticide. It is an important
liver enzyme that plays a protective role against the hydrolysis
of HDL-induced organophosphate agents and nerve gases,
oxidation of LDL, formation of lipid peroxides and bacterial
endotoxins. The fact that oxidation of LDL constitutes the
initial stage of the atherosclerosis process reveals the
importance of the antioxidant properties of the enzyme. In this
study, human serum PON1 was purified using three simple
biochemical purification techniques. Furthermore, the in vitro
effects of some antibacterial and antiviral drugs on human
serum PON1 enzyme activity were examined. IC50 values were
determined.

Keywords: Paraoxonase, enzyme inhibition, antibacterial drug,
antiviral drug.

Sik kullanilan bazi antibakteriyel ve antiviral
ilaclarin saflastirilmis insan serum
paraoksonaz-1 (hPON1) iizerine inhibisyon

etkileri

0z

hPONL1, bir organik fosfor insektisid olan parathion'un aktif
metabolit  paraoksonunu  hidrolize  edebilen  A-esteraz
grubundan bir enzimdir. HDL'nin neden oldugu organofosfat
ajanlarinin  ve  sinir  gazlarimin  hidrolizine, LDL'nin
oksidasyonuna, lipid peroksitlerin ve bakteriyel endotoksinlerin
olusumuna kars1 koruyucu bir rol oynayan énemli bir karaciger
enzimidir. LDL'nin oksidasyonunun ateroskleroz siirecinin
baslangic  asamasini  olusturmasi, enzimin antioksidan
6zelliklerinin 6nemini ortaya koymaktadir. Bu ¢aligmada, insan
serumu PONI1, ii¢ basit biyokimyasal saflagtirma teknigi
kullanilarak saflastirildi. Ayrica, bazi antibakteriyel ve antiviral
ilaglarin insan serumu PONI1 enzim aktivitesi {izerindeki in
vitro etkileri incelendi. IC50 degerleri belirlendi.

Anahtar Kelimeler: Paraoksonaz, enzim

antibakteriyel ilag, antiviral ilag.

inhibisyonu,

1. INTRODUCTION

The relationship of bacteria and viruses to humans is
as old as human existence. They cause various infections
in children, young and old. Clarithromycin (Figure 1a) is
a broad spectrum antibacterial drug. It is most commonly
used for the treatment of respiratory infections." In
addition to its antibacterial activity, it shows a wide range
of pharmacological effects.” Cefepime hydrochloride
(Figure 1b) is a bactericidal cephalosporin for a wide
variety of organisms. Cefepime hydrochloride which is a
4th generation cephalosporin is used widely as an
antibacterial agent. It is effective against many types of
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bacteria.’ Acyclovir (Figure 1c) is the most widely used
powerful antiviral drug. It is used to inhibit replication of
many viruses.” Cefazolin sodium (Figure 1d) is a
antibacterial drug classified as first generation
cephalosporin. It is a semi-synthetic B-lactam for
intravenous administration. It has a limited spectrum of
destructive bacteria. It is used for prophylaxis in
pregnancy interventions.” hPON1 is a Ca* - dependent. It
is called arildalkylalkyl phosphatase. It has been
previously thought to be lactone because of its
physiological effects, it has been found that the enzyme
has many substrates and many functions. As a result of
studies on mice, hPON1 enzyme has been determined to
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Figure 1. Chemical structures of the drugs: a) Clarithromycin,

b) Cefepime hydrochloride, ¢) Acyclovir, d) Cefazolin sodium.
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be an HDL dependent lactonase with antioxidant and
antiatherogenic effects. It has been observed that the
development of atherosclerosis is accelerated and
oxidative stress is increased in mice lacking PON1
enzyme. It has been observed that hPON1 enzyme
transferred mice has decreased both oxidative stress and
the number of lesions.’

It has been found that it decreased lipid peroxide
accumulation on LDL by an enzymatic mechanism when
stored under HDL oxidizing conditions. hPONL1 is one of
the factors associated with this feature of HDL.
Furthermore, hPON1 limits the accumulation of oxidized
LDL and HDL particles. It inhibits the conversion of
LDL to proatherogenic particles and reverses the
biological effects of oxidized LDL particles. Thus, it has
been shown to prevent the formation and progression of
atherosclerosis lesions.’

Due to diseases affected by the change in hPON1
activity, the inhibition of antibacterial and antiviral drugs
is important. If any drug causes a decrease in hPON1
enzyme activity, many vascular diseases may occur,
including  atherosclerosis.  Indeed, due to the
physiological role of hPONL1, further studies on the
inhibitory effects of drugs should be conducted.
However, there are many studies about the inhibition
effects of drugs on the hPON1."*

Antibacterial and antiviral drugs are used in the
treatment of serious bacterial diseases. However, the
patient is extremely important for adjusting drug doses.
In this study, we purified hPON1 from human serum and
examined the in vitro effects of antibacterial and antiviral
drugs on enzyme activity.

2. MATERIALS AND METHODS

2.1. Materials
DEAE-Sephadex A50, Sepharose 4B,
1-naphthylamine, paraoxone, protein reagents and

chemicals used for electrophoresis were obtained from
Sigma Chemical Co. All other chemicals were obtained
from Sigma-Aldrich or Merck. Clarithromycin, cefepime
hydrochloride, acycloviron, and cefazolin sodium were
obtained from local pharmaceutical manufacturing
companies.

2.2. Paraoxonase activity assay

Human serum samples were supplied from the
Research Hospital at Ataturk University. PON1 activity
was determined at 250°C with paraoxon (diethyl p-
nitrophenyl phosphate) (ImM) in 50 mM glycine/NaOH
(pH 10.5) containing 1 mM CaCl,. PON1 assay was
based on the estimation of p-nitrophenol at 412 nm.
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The molar extinction coefficient of p-nitrophenol
(¢ = 18.29 M'em™ at pH 10.5) was used to calculate
PONL1 activity. One enzyme unit was defined as the
amount of enzyme that catalyses the hydrolysis of 1
pumol of substrate at 25°C. Assays were performed using
a spectrophotometer (CHEBIOS UV-VIS).

2.3. Ammonium sulphate precipitation

Human serum precipitated with 60-80% ammonium
sulphate was carried out in our previous studies. The
precipitate was obtained after centrifugation at 15,000 x
g for 20 minutes and redissolved in a 100 mM Na-
phosphate buffer (pH 7.0).

A50

2.4. DEAE-Sephadex anion

chromatography

exchange

At first, the anion exchange column was equilibrated
with a 100 mM Na-phosphate buffer (pH 7.0). Then, the
enzyme solution, which had been dialyzed in the
presence of 1 mM Na-phosphate buffer (pH 7.0) for two
hours, was loaded onto the DEAE-Sephadex A50 anion
exchange column (3 cm x 30 cm). Later, the
chromatography column was washed with a 100 mM Na-
phosphate buffer (pH 7.0), and then elution was carried
out by an increasing linear gradient of 0-1.5 M NaCl. The
elution fractions collected were checked for enzyme
activity at 412 nm. Tubes which displayed the same
enzyme activity were combined. All these procedures
were performed at 4°C.

2.5. Sephadex G-200 gel filtration chromatography

In the first process, the sephadex G-200 column (60
cm x 2 cm) was equilibrated with 100 mM Na-phosphate
buffer (pH 7.0). Fractions from the DEAE-Sephadex A50
anion exchange column were mixed with glycerol and
loaded onto the gel filtration column with the same
buffer. Finally, the enzyme solutions were separated
from the sephadex G-200 column. Protein amount (at
280 nm) and enzyme activity (at 412 nm) were recorded
for all tubes. Tubes showing enzyme activity were
combined for other kinetic studies.

2.6. Protein Determination

Quantitative protein determination was performed by
spectrophotometric  purification steps at 595 nm
according to Bradford method.

2.7. SDS polyacrylamide gel electrophoresis

SDS polyacrylamide gel electrophoresis  was
performed to check that the enzyme was purified
according to the procedure of Laemmli. The resulting
single band was photographed after electrophoresis.
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2.8. In vitro studies for the drugs

We studied the inhibitory effects of four antibiotic
drugs:  Clarithromycin, cefepime  hydrochloride,
acycloviron, and cefazolin sodium. All compounds were
tested three times for each concentration used. hPON1
activities were measured in the presence of different drug
concentrations. In the absence of an inhibitor, the control
activity was assumed to be 100%. For each drug, activity
% - [I] plots were plotted and IC50 values were
calculated from the equation of the curve.

3. RESULTS AND DISCUSSION

hPON1 is a calcium-dependent esterase that
hydrolyzes esters such as organophosphate and lactone.
hPONL is a glycoprotein with a molecular weight of 43-
45 kDa. It is mainly synthesized by the liver. hPONL1 is
one of the antioxidant defense mechanisms in the human
body. There are many cleaning systems for reactive
oxygen species, including paraoxones in the human
body. hPON1 removes reactive oxygen species in living
metabolism and protects LDL, HDL and macrophages
against oxidative stress. Therefore, hPON1 prevents
cardiovascular disease.™" ™

There are many studies on hPONL inhibition. For
instance, Ekinci and Beydemir researched the effects of
some drugs, lornoxicam (a), indomethacin (b), tenoxicam
(c), diclofenac sodium (d), ketoprofen (e) and
lincomycine (f), on hPON1 activity from human serum.
They founded that lornoxicam inhibits the enzyme
activity significantly, compared to the other drugs. The
inhibition order of the drugs determined asa>b >c >d
> e > £ In another study, the impacts of some
commonly used antibiotics as teicoplanin, rifamycin,
tobramycin, ceftriaxone sodium, cefuroxime sodium,
ceftazidime, ornidazole, and amikacin sulfate were
investigated on human serum hPON1 activity. The major
inhibitor was teicoplanin.™

For example, Tirkes and co-workers have
investigated that some chemotherapeutic  drugs,
palonosetron  hydrochloride, bevacizumab, and

cyclophosphamide on hPONL1 effects. Inhibition range of
the drugs are in the order palonosetron hydrochloride >
bevacizumab > cyclophosphamide. However,
chemotherapeutic drugs are used to treat cancer patients.
Therefore, this may be particularly critical for patients
with atherosclerotic lesions.” For instance, Tiirkes and
co-workers have reported that some antibacterial drugs,
moxifloxacin hydrochloride (1), levofloxacin
hemihydrate (2), cefepime hydrochloride (3), cefotaxime
sodium (4) and ceftizoxime sodium (5) on hPON1
effects. It is important that antibiotic drugs are potent
inhibitors of human serum hPON1.

Moxifloxacin  hydrochloride was found to
significantly inhibit enzyme activity compared to other
antibiotics.
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Figure 2. SDS-PAGE analysis of purified hPON1. Lane A is
standard proteins (kDa): Bovine serum albumin (66 kDa),
aldolase (47.5 kDa), triosephosphate isomerase (32 kDa), and
soy bean trypsin inhibitor (24 kDa). Lane B contains a human
serum sample.

Table 1. IC50 values
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The order of inhibition of the drugs was determined as [Acyeloviron] mM
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In this study, a specific activity of 4060 EUx mg™

from hPON1 human serum was purified approximately d)
295-fold in 53.9% vyield. . _ 2

The purified human serum paraoxonase had a EE ) ¥=0.0002 T 3'5393921_100
molecular weight of 43 kDa (Figure 2). Inhibition effect =
studies on paraoxonase activity of antibiotic drugs were i 80 4
performed. 1C50 values for (a) clarithromycin, (b) E &0
cefepime hydrochloride, (c) acycloviron, and (d) T 201
cefazolin sodium were determined by means of activity - 0
% - [I] graphs as 0.459, 14.518, 56.169, and 150.602 0 : : :
mM, respectively (see Table 1 and Figure 3). As a result G 100 200 300
of inhibition studies, it was observed that antibiotic drugs [ Cefazolin sodium] mM
inhibit hPON1 enzyme. Clarithromycin showed the most
inhibition.

It is known that an adult person has a total of about 5 Figure 3. In vitro effect of antibacterial drugs: a)

liters of blood. Accordingly, cefepime hydrochloride (b),
acycloviron (c), and cefazolin sodium (d) blood
concentrations were calculated as 0.175, 0.0198, and

clarithromycin, b) Cefepime hydrochloride, c) Acycloviron, d)
Cefazolin sodium at five different concentrations on hPON1
activity.
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0.440 mM, respectively. These values are lower than
IC50 values. However, (a) the blood concentration of
clarithromycin was determined to be 0.134 mM near the
IC50. This research can be clarified by in vitro studies.
Because these antibacterial drugs are widely used in the
treatment of bacterial infections.

4. CONCLUSIONS

As a result, hPON1 was purified using three simple
purification steps. The in vitro effects of antibacterial
drugs on hPON1 were investigated. Blood concentrations
and IC50 drug values were then compared. However,
clarithromycin is the most inhibition drug. Prolonged use
of this drug may cause a decrease in enzyme activity.
Decrease in enzyme activity may contribute to
atherosclerosis.  Consequently, it may increase
cardiovascular diseases.
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ABSTRACT

The thermo-physical, chemical reactivity and biological
interaction of cholinium cation lonic Liquids (ILs) were
investigated as theoretical by density functional theory (DFT).
Some thermo-physical parameters such as free energy, entropy,
dipole moment, binding energy, nuclear energy, electronics
energy, the heat of formation were computed. The chemical
reactivity of molecule like highest occupied molecular orbital
(HOMO), lowest unoccupied molecular orbital (LUMO),
HOMO-LUMO gap, ionization potential, electronegativity,
hardness, softness and electron affinity were calculated.
Properties like charge density, surface area grid, volume, LogP,
polarizability, refractivity, and molecular mass were calculated
using the quantitative structure activity relationship (QSAR).
The cholinium benzoate (ILO1), cholinium-2-nitro-benzoate
(1L02), cholinium-2-methylbenzoate (IL03), cholinium -2-
hydroxy benzoate (IL04), cholinium -2-chlorobenzoate (IL05),
and cholinium -2-flurobenzoate (IL06) were taken for study.
With adding of substituent groups to the anion, the chemical
stabilit increased, and chemical reactivity decreased in the order
of -H > -CH3 > -OH > -Cl > F- > -NO, groups. The physical
properties and biological activity are observed to be changed
irregularly for different substituent groups.

Keywords: Choline, ionic liquids, HOMO-LUMO, QSAR,
vibrational spectroscopy.

Kolinum karboksilat iyonik sivilarin
anyonundaki siibstitiie grubun thermo-fiziksel,
kimyasal reaktivite ve biyolojik 6zellikler

tizerine aktivitesi: Bir DFT calismasi
0z

Cholinium katyon iyonik sivilar (ILs) 'nin termo-fiziksel,
kimyasal reaktivitesi ve biyolojik etkilesimi yogunluk
fonksiyonel teorisi (DFT) ile teorik olarak arastirilmigtir. Serbest
enerji, entropi, dipol momenti, baglayici enerji, niikleer enerji,
elektronik enerji, olusum 1sist gibi bazi termo-fiziksel
parametreler hesaplanmistir. En yiiksek isgal edilen molekiiler
orbital (HOMO), en diisiik bos molekiiler orbital (LUMO),
HOMO-LUMO boslugu, iyonlagma potansiyeli,
elektronegatiflik, sertlik, yumusaklik ve elektron afinitesi gibi
molekiiliin kimyasal reaktivitesi hesaplanmistir. Yiik yogunlugu,
yiizey alani 1zgarasi, hacim, LogP, polarizasyon, kirilma ve
molekiiler kiitle gibi oOzellikler, nicel yap1 aktivite iligkisi
(QSAR) kullanilarak hesaplanmstir. Cholinium benzoat (1L01),
cholinium-2-nitro-benzoat  (1L02), cholinium-2-metilbenzoat
(1L03), cholinium -2-hidroksi benzoat (IL04), cholinium-2-
klorobenzoat (ILO5) ve cholinium-2-flurobenzoat (IL06) ¢alisma
icin alind1. Anyona siibstitiie gruplarinin eklenmesi ile kimyasal
kararlilik artt1 ve kimyasal reaktivite -H >-CH3>-OH > -C| >
F- > -NO, sirasina gore azaldi. Fiziksel 6zellikler ve biyolojik
aktivite farkli siibstitiie gruplar i¢in diizensiz olarak degistigi
gozlendi.

Anahtar Kelimeler: Kolin, iyonik sivilar, HOMO-LUMO,
QSAR, titresimsel spektroskopi.

1. INTRODUCTION

lonic Liquids (ILs) is defined as liquid salts or melted
salts at room temperature." Several types of ILs are
documented last twenty years. The most important and
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fascination to ILs for their vast applications belong to
almost all areas of chemistry, chemical engineering,
material science, and pharmaceutical industry. Due to
tunable physical, and chemical properties like almost null
vapor pressure, low volatility, low toxicity, high thermal
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stability, and biodegradability, they have become green
solvents for industrial uses.” Nowadays, the ammonium,
imadozolium, pyridium, phosphonium, and thiazolium
etc are the most common ILs using for various purposes.
The last decades, the high rising voice of scientists and
researchers for ILs is going to the pharmaceutical active
ingredients and microbial activity with sustainable
methods.” Among them, ammonium, cholinium, and
phosphonium cation based ILs are highly considerable
cation to obtain the microbial activity and drug
discovery. On the other hand, some ammonium
carboxylate and cholinium carboxylate have established
the biological activity against both of bacterial and fungal
micro  pathogens,”’ even some cholinium and
phosphonium ILs were found the anticancer potential.8

In general, the choline is considered as the natural
molecule and mostly used as nutrient for animal
especially in poultry farm. For this reason, the choline is
effortlessly found in synthetic or natural form.” In our
study, the choline was taken to design the new cholinium
based carboxylate ILs in view of theoretical investigation
using a computational approach. The second point is
noted that the carboxylate was selected as anion with
cholinium cation for their biodegradable properties. As
there were vast publications and documents on cholinium
cation based ILs during last ten years particularly in
experimental fields such as synthesis, antimicrobial,
catalysis, application in chemical process and organic
synthesis, there are well poor data for theoretical
investigation. For this point, the cholinium carboxylate
ILs were chosen for the development of thermophysical
properties, chemical reactivity, and biological activity.lo'
2 The computational approach is the best tool to explain
the theoretical study of molecules. The estimation of
HOMO and LUMO of molecules belongs to the region of
electrophilic and electrophonic area. Our previous work
for different investigation and prediction of ionic liquids
and complex of metallic crystal®** shows that the
HOMO, LUMO values vary from -9.00 to -7.00, and also
the values used to calculate the chemical reactivity
indices vary from -2.00 to 0.50.“‘" The second
addressing documents for thermophysical and physical
properties which contribute a theoretical profile for their
applications were documented using the computational
tools.*® Finally, the biological activity was evaluated by
the quantitative structural activity relationship (QSAR)
which includes the surface area, volume, refractivity,
polarizibitily, logP, and molecular weight. The logP
expresses the toxicity and non toxicity having value of
positive and negative. Herein, because the all molecules
were designed regarding new bioactive on basis of
cholinium cation,™?° they have no scope to compare
with experimental study or data. Due to have the lacking
of experimental profile of predicted ILs, this study
represents a theoretical profile using computational
approaches only.21 The most beneficial of the study is
safe the money including conducting cost of chemicals in
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laboratory and consumption of time in the laboratory. It
provides the theoretical prediction of the examined
molecule to safe use in any area.

2. COMPUTIONAL METHOD

To create the spatial chemical structure of each
calculated molecule, the two-dimensional structure of the
molecule shall be built step-by-step by drawing. Then
hydrogen atoms are automatically added from building
option and chemical structure is converted into a 3D
structure. The first step in getting the main characteristic
parameters of molecules is to optimize the molecular
structure to obtain a configuration characterized by
minimum free energy. In sitting the DFT was fixed via
6G-31G*, and B3LYP.”” For this calculation, model
build was done at first, then fixed the 6G-31G*, total
charge zero, spin multiplicity one, UHF, convergence
limit is 1e-006. The cut off is fixed 1e-006 with core
Hamialtaian calculation and done geometry optimization
to record the data of free energy, entropy, dipole
moment, binding energy, nuclear energy, electronics
energy, the heat of formation, the HOMO, LUMO, 3D
mapped structure of electrostatic potential. The QSAR
properties were also calculated.

3. RESULTS AND DISCUSSION
3.1 Optimized structure

A representation of the molecular structure optimized
which contains the values of the reactivity indices is
called the reactive molecular diagram. The optimized
structures of molecules are represented in Figure 1. All of
the ILs (ILO1 to ILO6) belongs to the class asymmetry,
and non-planar and they have more than one element of
symmetry and the plane of the molecule.

3.2. HOMO and LUMO

The possible electronic transition is explained by
HOMO and LUMO indicating the -electrophilic and
nucleophilic attraction region in the molecule. They are
highlighted in Figure 2, where the green color is a
positive value and blue color is a negative value. The
region of HOMO was found on the cation area, and
LUMO on the anion area. The HOMO can be found of all
molecules in near of -7.00 to 9.00 surrounding in cation.
On the other hand, the LUMO was addressed in full of
anion having -0.2 to 2.0. The magnitudes of HOMO and
LUMO are introduced in Table 1 for zero energy level.

3.3. Chemical reactivity
The energy difference between HOMO and LUMO

orbital is called an energy gap which is an important
parameter that determines the stability of the structures
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ILO1, Cholinium benzoate

ILO2, Cholinium 2-nitro-
benzoate

IL03,Cholinium-2-methyl-
benzoate

ILO4, Cholinium 2-hydroxy-

benzoate

IL05, Cholinium 2-chloro-
benzoate

I1L06, Cholinium 2-fluro-
benzoate

Figure 1. Optimized structure in a cylinder shape, Color: Red is oxygen, cyan is carbon, white is hydrogen, nitrogen is blue, chlorine

is white in large size.

and chemical reactivity. The shorter LUMO-HOMO gap
is considered to provide the high reactivity (Table 1). In
addition, according to Koopmans’ theorem the energy
gap, AE, defined as the difference between HOMO and
LUMO energy,18 it is reperesented by Eq. (1).

AE = (ELymo — Enomo) = IP —EA @
The ionization potential (1) and electron affinity (A) can
be estimated from the HOMO and LUMO energy values
using Equations (1) and (2).

I'=—=Epomo (2

A= —Eymo (3)

The HOMO and LUMO energies are used for the
determination of global reactivity descriptors. It is
important that Electrophilicity (o), the chemical potential
(w), Electronegativity (y), hardness (1) and softness (S)
are calculated from Equations (4-8) , and they are listed in
Table 1.

W =-22 €
() ==~ (5)
© = (6)
=" %
(=4 (®)
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Figure 2. HOMO, LUMO orbitals.
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Table 1. Data for LUMO- HOMO gap, ionization potential, and electron affinity

Zannat and co-workers

E-ISSN:2602-277X

ILO1 IL02 ILO3 ILO4 ILO5 I1L06
HOMO, eV -7.0353  -9.2864 -7.3580 -9.1795 -8.2770  -8.6962
LUMO, eV -2.1986 -1.6350 -1.4058 -15770 -0.6715 -0.1868
AE, eV 48367  7.6496 5.9522  7.6025 7.6055 8.5100
lonization potential (1), eV 7.0353  9.2864  7.3580 9.1795 8.2770 8.6962
Electron affinity (A), eV 2.1986 1.6350 1.4058 15770 0.6715 0.1868
Hardness (1) 24183  3.8257 29761 3.8012  3.8027 4.255
Softness (S) 0.4135 0.2613 0.3360 0.2630  0.2629 0.2350
Electrophilicity (o) 40719  3.8972 3.2258  3.8047 2.6321 2.3113
Chemical potential () -4.6169 -5.4607 -4.3819 -5.3782 -4.4742  -4.4350
Electronegativity (y) 46169 54607 4.3819 5.3782 4.4742 4.4350
Table 2. Thermochemical properties
Properties 1LO1 1L02 ILO3 1L04 ILO5 IL06
Total energy -63530.50 -80368.10 -67003.00 -70316.80 -60113.70  -73371.5
(kcal mol™)
Free energy -63530.50 -80368.10 -67003.00 -70316.80 -60113.70  -73371.5
(kcal mol™)
RMS gradient 8.51 1.56 1.81 1.92 2.81 0.0119
(kcal mol™)
Binding -3369.24 -3528.57 -3673.75  -3483.02  -3120.46 -3422.2
energy
(kcal mol™)
Heat of -36.94 -16.26 -66.36 -91.17 -63.26 -123.07
formation
(kcal mol™)
Electronic -395312.1  -489865.0 -449066.7 -425083.1 -369498.6 -453058.2
energy
Nuclear 331781.64 409497.11 382063.77 354766.36 309385.00 379686.01
energy

As seen from Table 1, fluorine atom shows the highest
activity on hardness while each group shows activity and
the opposite trends are found for softness and
electrophilicity. The nitro and methyl groups show the
highest chemical potential and electronegativity while all
substituent groups show this activity.

3.4. Vibration spectrum

The vibration spectra of cholinium based ILs
confirmed the presence of carboxylate (-COO-) from
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the symmetric and asymmetric stretching peak at ~1770
cm™® to ~1550 cm™, respectively, with the former being
overlapped by N-H vibrations. The broad absorption
around ~3335-3441 cm-* can be assigned the presence of
-OH groups. The aromatic ring is assigned the presence of
C=C bond stretching of two values at ~1540 to ~1600 cm’
! and ~1460 cm™. Then the C-O bond has also confirmed
the peak of 1260-1000 cm™ in the carbonate salts. The
board peak of 2400 cm™ to 2700 cm™ indicates the
cholinium ion shown in Figure 3.
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3.5. Thermophysical properties

In order to correlate the molecular structure or
properties derived from a molecular structure with a
particular chemical or biochemical activity, this
method is widely used in pharmaceutical chemistry in
the environment and in the search for certain
properties. The molecule with minimum binding
energy will have the maximum binding affinity and
having the maximum binding affinity, indicating as the
best molecule for drug leads molecules targeting
computationally. From Table 2, it is seen that all ILs
have minimum binding energy and the values are very
close.

4. BIOLOGICAL ACTIVITIES OF OPTIMIZED
MOLECULES

4.1. Distribution electrostatic potential

Zannat and co-workers

E-ISSN:2602-277X

Electrostatic potential maps or electrostatic potential
energy maps, or molecular electrical potential surfaces
demonstrate the charge distributions of molecules three
dimensionally, which show variably charged regions of a
molecule, and molecular interactions with one another.

According to the mechanism of antimicrobial activity
and antimicrobial agents of bioactive molecules, the
positive charge end of molecules is responsible for
damage the plasma membrane of pathogens. To kill
pathogens, the region of molecules was used in the
positive charge area of the molecule. In this case, the most
important factors are explained that the higher surface
area having a positive charge is considered as the high
antimicrobial activity. In Figure 4, the blue color is the
highest charge distribution indicator, and red color as the
lowest charge distribution. It can be said that the highest
charge distribution occurs in LI105, then 1LO1, ILO3, and
I1L06, and as lowest in I1L02, IL04.

ILO1

1L02

ILO3

:

W

{;
' 1
| }
, :
IQW

Figure 4. 3D electrostatic potential energy difference of two levels.

Here, E1= Electrostatic potential energy in positive
value, E2= Electrostatic potential energy in negative
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value, and AE
difference of two level.

Electrostatic potential energy
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Table 3. Data of electrostatic potential energy difference of two levels

ILO1 1L02 IL03 1LO4 IL05 ILO6
El +1.633 +2.1790 +1.424 +1.473 +2.729 +1.038
E2 -0.262 -0.088 -0.266 -0.385 -0.725 -0.226
AE = E2-E1 -1.895 -2.0291 -1.690 -1.858 -3.454 +1.264
Table 4. Data of QSAR

ILO1 1L02 ILO3 1LO4 ILOS ILO6

Partial charge (e) 0.00 0.00 0.00 0.00 0.00 0.00
Surface Area(grid), A2 460.15 549.25  470.40 49651  473.31 45522
Volume, A3 754.74  887.12 779.81 826.54 781.46 740.50
Log P 5.06 -1.89 2.74 2.56 4.28 1.83
Refractivity, A3 63.96 68.75 68.17 65.06 68.28 64.04
Polarizability, A3 23.90 25.74 25.73 24.53 25.28 23.81
Mass (amu) 22529  270.29 239.31 241.29 259.73 243.31

Table 5. Correlation in case of substituent groups in anions

Pi, Refractivity, (MR) Surface Area, (SA)
Pi,n Biological Biological activity SA Biological
activity activity
H 0.0 -- 0.0 -- 0.0 --

F- +3.23 more -0.08 more 4.93 more
Cl- -0.78 Less 4.28 Less 13.16 more
-CH; -2.32 Less 4.21 Less 10.25 more
-OH -2.50 Less 1.1 Less 36.36 More
-NO, +6.95 more 4,79 more 89.1 more

4.2. Biological study by QSAR

When the biological activity of a molecule is
mentioned, its surface area is considered an important
parameter. Greater charged surface area of a molecule can
be able to kill more pathogens. The charged distribution
from electrostatic potential completely depends on the
surface area. The greater positive charged surface area
means a higher biological au:tivity.23

On the other hand, a negative value of logP refers to
the hydrophilicity, and a positive value of LogP indicates
the hydrophobicity that plays an important role in
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biochemical interactions and bioactivity. Hydrophobic
drugs tend to be more toxic, because they are kept
generally longer and have a wider distribution in the
body. Also, they are somewhat less selective in their
binding to molecules and finally are often extensively
metabolized. Therefore ideal distribution coefficient for a
drug is usually intermediate (not too hydrophobic or too
hydrophilic). From the data inTable 4, the 1L02 has -1.89
value that indicates lower hydrophobicity, and other are
positive values having hydrophilicity as 1.83, 2.56, 2.74,
4.28 and 5.06 of IL06, ILO4, 1L03, ILO5, and ILO1,
respectively. The bond dipole moment is the idea of an
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electric dipole momentto measure the polarity of
a chemical bond within a molecule. In view of
pharmaceutical industries, the dipole moment was a
parameter for the drug by which a drug is to be used open
or close packet. If any drug has a dipole moment, it can
be able to absorb the ultraviolet light and have a
possibility of properties. The five optimized ILs show
zero dipole moment so that it can be used without any
protection from UV or sunlight.

4.3. Correlation in case of substituent groups in
anions

The value of Pi (), MR, and can be calculated as the
following equation from Table 4. =, MR, SA = LogP of
cholinium benzoate —LogP of cholinium benzoate
derivative. From Table 5, it was accounted for the
correlation on basis of their different substituent groups
in cation, while the F and NO, show the highest
biological activity.

5. CONCLUSIONS

As the cholinium cation is bioactive molecules, some
benzoate anions have attached to form new theoretical
ILs and use thed computational tools to predict their
activity using DFT method. It is summarized that the
result optimized molecules of cholinium based ILs like
cholinium benzoate, cholinium-2-nitro-benzoate,
cholinium -2-methylbenzoate, cholinium -2-hydroxy
benzoate, cholinium -2-chlorobenzoate, and cholinium -
2-flurobenzoate were recorded. To make a comparative
study among all for the physical properties, chemical
reactivity and biological activity, a computational
method was used. From the LogP value, it can be said
that all ILs are hydrophobic, trending to bioactive. There
are five substituent groups in anion as benzene ring at
which the nitro group has more active in biological
properties.
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