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Dear Researchers, Scientists, Experts and Representatives of the Public and Private Sector and 

all the participants, 

Drug Chemistry: Design, Synthesis, Production and Standardization of Pharmaceutical Active 

Substances” has been organized by the Turkish Chemists Society since 2013. Our congress, 

which has shown significant development every year and reached a significant number of 

participants, has taken its place among the well-known, famous and followed congresses in 

our country. In accordance with the opinions, critics and suggestions of our esteemed 

participants, our congress has continuously developed and reached an international 

dimension. There is no doubt that it will become one of the international brand congresses in 

the future. Our new congress will be held in the beautiful Antalya with the name of “8th Drug 

Chemistry Conference”between 27 February – 01 March 2020. This congress will provide the 

opportunity to meet and to establish new collaborations with the scientists and 

pharmaceutical industry researchers and staff of our country and with all the stakeholders in 

this field in our country and in other countries. 

The scientific program includes invited lectures, oral presentations, poster presentations and 

workshops. In particular, short oral presentations will also be exhibited as posters and thus, 

mutual information sharing environment will be established with more participants. In order 

to provide information exchange and discussion environment to the participants of the 

congress, it has been planned to make all poster presentations for a total of four hours during 

the two days of the event and to award the successful posters with the evaluation to be made 

by the referee committee. 

Young academicians have the opportunity to present their work as “Full Text”. Moreover, full-

text papers to be prepared as “congress articles, will be included in the electronic congress 

book after the expert referees evaluate them. 

The main objective of the congress is to take part in more actively and to share the knowledge 

and experience of the scientists involved in all processes related to medicine, that is, from 

drug design to its use. 

It is also planned to hold a meeting in which representatives of private sector and public 

institutions working in this field and universities are brought together in order to conduct 

research and development activities more efficiently, effectively and successfully. 

The “Project Collaboration Platform” which has been initiated in previous congresses and will 

be studied intensively in this congress, will be established to increase these collaborations. 
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The results of the workshop on “Where are we in the localization of medicine and what can 

we do? What are the duties of the stakeholders?” with the participation of the relevant 

institutions and organizations will be presented as a declaration. 

With the awareness of the importance of the supply chain in R & D and production, we expect 

the suppliers of chemicals, devices and equipment that serve the sector and universities to 

sponsor the congress and  to become an important stakeholder of this congress by informing 

the participants about the innovations with the workshops they will organize; and we invite 

them to our congress. 

We hope to see you at the 8th International Congress of Drug Chemistry: Design, Synthesis, 

Production and Standardization of Pharmaceutical Active Substances which will be held on 27 

February – 01 March 2020 at Mirage Park Resort Hotel in Kemer, Antalya and we wish that 

the congress will make an important contribution to all research and production scientists and 

to all stakeholders working in this field. 
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SCIENTIFIC PROGRAMME 

27 February 2020, Thursday 

Opening Ceremony 

14:30 - 14:35 Prof. Dr. Öztekin ALGÜL, Chair, Mersin University 

14:35 – 14:40 İkram CENGİZ, President of Turkish Chemists Society 

14:40 - 15:00 Zeynep ATABAY, Atabay 

15:00 - 15:20 Prof. Dr. İlhan SATMAN, TÜSEB  

15:20 – 15:30 
Prof. Dr. Ramazan ALTUNDAŞ, Vice President of Turkish 
Chemists Society 

15:30 - 15:50 
Harun KIZILAY, Ph.D., Vice President, Turkish Medicines 
and Medical Devices Agency, Minister of Health 

15:50 - 16:10 
Eray KAPLAN, Vice President, Turkish Medicines and 
Medical Devices Agency, Minister of Health 

16:10 - 16:40 Prof. Dr. Yusuf BARAN, Rector, IZTECH 

16:40 - 17:00 
Dr. Hakkı GÜRSÖZ, President, Turkish Medicines and 
Medical Devices Agency, Ministry of Health 

17:00 - 17:30 Coffee Break 

 
1. Session 

 

 

Session Chair: Prof. Dr. Ramazan ALTUNDAŞ  

 Opening Lecture 

17:30 - 18:10 

Prof. Dr. Herve GALONS, Université Paris Descartes 

“The Changing World of Kinase Inhibitors: Towards Selective 
Inhibitors” 

 Award Ceremony 
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18:10 - 19:00 

Prof. Dr. Ramazan ALTUNDAŞ, Gebze Technical University 

“Turkish Chemists Society 3rd Research Incentive Award 
Ceremony” 

“8th International Drug Chemistry Congress R&D Awards” 
19:00 - 20:30 Dinner 

February 2020, Friday 

2. Session Session Chair: Assoc. Prof. Esen Bellur ATICI 

09:00 - 09:40 

Dr. Mike WEBB, Independent Consultant, London, UK 

“Pharmaceutical Chemical Development - Challenges Over 
The Last 10 Years” 

09:40 - 10:10 
Prof. Dr. Ramazan ALTUNDAŞ, Gebze Technical University  

“A New Approach to The Synthesis of Ibrutinib” 

10:10 - 10:30 
Prof. Dr. Özdemir DOĞAN, METU 

“Pyrrolidines, Aziridines and Biological Activity” 

 WORKSHOPS 

Atabay, Odeon Hall 

 

11:00 - 12:00 

Doğan TAŞKENT 

“Discuss and Determine the Building Blocks of Strategic API 
Manufacturing In Turkey” 

10:30 - 11:00 Coffee Break 

3. Session 
 

Session Chair: Prof. Dr. Ali ÇAĞIR  

11:00 - 11:40 

Prof. Dr. M. Laura BOLOGNESI, University of Bologna 

“Multi-Target-Directed Ligand Design Strategy in Alzheimer’s 

Disease: Lessons Learned and Challenges Ahead” 

https://ilackongresi.org/konusmacilar/m-laura-bolognesi/
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11:40 - 12:10 

Prof. Dr. Erden BANOĞLU, Gazi University 

“Discovery of Multitarget Inhibitors in the Arachidonic Acid 

Pathway by Targeting FLAP/5-LO/mPGES-1 for Intervention 
with Inflammatory Deregulation” 

12:10 - 12:30 

Assoc. Prof. Atilla AKDEMİR, Bezmialem Vakıf University 

“The Quest for Structurally Novel Lead Compounds Against 
Breast Cancer” 

 

12:30 - 14:00 

 

Lunch 

 
4. Session 

 

Session Chair: Prof. Dr. Aliye ALTUNDAŞ  

14:00 - 14:40 

Asst. Prof. Marco PIERONI, Università di Parma 

“Discovering New Chemotypes That Selectively Inhibit 

Microbial Carbonic Anhydrases”  

14:40 - 15:10 
Prof. Dr. Ali ÇAĞIR, IZTECH 

“Klavuzons: Multitarget Covalent Inhibitors” 

15:10 - 15:30 

Assoc. Prof. Dr. Serhan TÜRKYILMAZ, METU 

“Zinc(II)-Bisdipicolylamine Complex Bearing Agents for 
Selective Agglutination, Imaging, and Photodynamic 
Inactivation of Bacterial Cells” 

15:30 - 16:00 Coffee Break 

 WORKSHOPS 

Ashland, Odeon Hall 

 

14:00 - 15:30 

Enis DEMİR 

“Novel Ultra High Speed Film Coating Systems to İncrease 

Productivity, AquariusTM Genesis” 
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Nadin EKMEKÇİYAN 

“Binder Selection for Today’s Formulation Challenges” 

5. Session 
 

Session Chair: Assoc. Prof. Serhan TÜRKYILMAZ  

16:00 - 16:40 

Prof. Dr. Orazio NICOLOTTI, University of Bari 
 

“A Similarity-Based Reverse Screening Method to Predict 
Protein Drug Targets” 

16:40 - 17:00 

Prof. Dr. Mükerrem Betül YERER, Erciyes University 

“Monoclonal Antibodies and Targeted Therapies in Anticancer 
Drug Discovery” 

17:00 - 17:15 

Dr. Gökçe YILDIRIM BUHARALIOĞLU, Ege University 

“Epigenetic Regulation of Matrix Metalloproteinases in LNCaP 

Human Prostate Cancer Cell Line” 

17:15 - 17:30 
Nazlıcan TEZGEL, Abdi Ibrahim Pharmaceuticals 

“Stability Studies for Biologics” 

 
6. Session 

 

 

17:30 - 18:30 

 

Short Oral Presentations 

Session Chair 

Session Chair 

Session Chair 

Session Chair 

Prof. Dr. Aliye ALTUNDAŞ, Phoenix I 

Prof. Dr. Nermin Şimşek KUŞ, Phoenix II 

Prof. Dr. Tijen ÖNKOL, Mirage I-II 

Prof. Dr. Özlen GÜZEL-AKDEMİR, Odeon 

18:30 - 19:30 Dinner 

19:30 - 21:30 Poster Presentations, Mirage I-II 
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              29 February 2020, Saturday 

 
7. Session 

 

Session Chair: Prof. Dr. M. Betül YERER 

 

09:00 - 09:40 

Dr. Staffan KARLSSON, Astra Zeneca 

“Continuous Processing and Real Time Monitoring of 

Hazardous Chemistry” 

09:40 - 10:00 

Dr. Yağmur KİRAZ, IZTECH 

“Overcoming Drug Resistance in Leukemia: A Molecular 

Approach” 

10:00 - 10:15 

Dr. Belgin SEVER, Anadolu University 

“Design, synthesis and aldose reductase inhibitory activity of 

new triazole derivatives”  

10:15 - 10:30 

Asst. Prof. Özlem AKGÜL, Ege University 

“Inhibition Studies of 2-Aminoethanesulfonic Acid Derivatives 
Against Some Carbonic Anhydrase Isoforms” 

 

10:30 - 11:00 

 

Coffee Break 

 

 WORKSHOPS 

SEM, Odeon Hall 

10:00 - 10:45 

 

11:00 - 11:45 

Selim KARACA 

“Lyophilization Systems for the Pharmaceutical Industry” 

Kaan GÜNER 

“Data İntegrity Traceability and Security in Pharma” 
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8. Session 

 

Session Chair: Prof. Dr. Özdemir DOĞAN 

 

11:00 - 11:40 

Prof. Dr. Joachim JOSE, Westfälische Wilhelms-University 
Münster 

“Bivalent Inhibitors of Human Protein Kinase CK2, an 
Emerging Target in Cancer” 

11:40 - 12:10 
Prof. Dr. Süreyya ÖLGEN, Biruni University  

“Drug Repurposing in the Development of Anticancer Agents” 

12:10 - 12:30 

Assoc. Prof. Nurettin MENGEŞ, Van Yuzuncu Yil University 

“New Types of Imidazole Derivatives and Their 

Pharmacological Effects on Central Nervous System” 

 

12:30 - 14:00 

 

Lunch 

 
9. Session 

 

Session Chair: Assoc. Prof. M. Dilek ALTINTOP 

14:00 - 14:30 

Prof. Dr. İlkay ERDOĞAN, Gazi University 

“Plant Metabolites at Target in Drug Discovery Process: From  

Field to Clinic” 

14:30 - 15:00 

Prof. Dr. Erdal BEDİR, IZTECH 

“Developing New Drug Candidates from Triterpenic 
Sapogenols via Microbial Biotransformation and Semi-
synthesis ” 

15:00 - 15:30 

Assoc. Prof. Serdar SEZER, Süleyman Demirel University 

“Medical Applications, Pharmacological Properties and 

Purification of Cannabidiol” 
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15:30 - 16:00 Coffee Break 

 WORKSHOPS 

SEM, Odeon Hall 

14:00 - 14:45 

 

 

15:00 - 15:45 

Serdar BİLGESOY 

“Analysis of 5-Nitrosamines Impurities in Pharmaceutical 
Products” 

Halil KIZILARSLAN 

“Agilent Raman Spectroscopy Solutions in pharmaceutical 

QC” 

 
10. Session 

 

Session Chair: Prof. Dr. Erden BANOĞLU 

 

16:00 - 16:40 

Assoc. Prof. Antimo GIOIELLO, University of Perugia 

“Bile Acids and The Chemistry They Inspire to Discover New 
Chemical Entities” 

 

16:40 - 17:00 

Gökhan BAYRAK, Abdi Ibrahim Pharmaceuticals 

“Presentation at Case Study of Utilizing DVS in Evaluation of 

Alternative Source Studies of Active Pharmaceutical Ingredient 
of a Medicinal Product and Troubleshooting of Observed 
Differences for Manufacturing Process among the Sources” 

17:00 - 17:15 
Gürmen KAYNAR, Worldmedicine 

“From Molecule to Drug; Patent” 

17:15 - 17:30 

Asst. Prof. Burçin TÜRKMENOĞLU, Erzincan Binali Yildirim 
University 

“4D-QSAR and Molecular Docking Studies on Some Steroidal 
Derivatives”  
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17:30 - 17:45 

Prof. Dr. Şeniz ÖZALP YAMAN, Atılım University 

“New DNA Targeted Antitumor Agents of Platinum and 

Copper” 

17:45 - 18:00 
Asst. Prof. Safacan KOLEMEN, Koç University 

“Cancer Cell Selective Photodynamic Therapy Agents”  

18:00 - 18:15 

Kübra Demir YAZICI, İstanbul University 

“Inhibition of the α-class Carbonic Anhydrase from Vibrio 
cholera(VchCA) with Novel Sulfonamido based Hydrozones” 

18:15 - 18:30 

Dr. Serkan DAYAN, Erciyes University 

“Microwave-Assisted Rapidly Hydroxyapatite Fabrication in 
Natural Media and Investigation of Drug-Carrying Capacity” 

18:30 - 18:45 

Ece PEMBECİOĞLU, Vefa İlaç 

“Traditional and herbal medicinal products and industry 
approach” 

 Career Talk 2020 

SEM, Mirage Hall 

 

   18:45 - 19:45 

 

 

Zafer KARKAÇ, LSC Group Manager 

 

18:45 - 19:30 

 

Dinner 

 

 

19:30 - 21:30 

 

Poster Presentations, Mirage I-II 
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01 March 2020, Sunday 

 

 
11. Session 

 

Session Chair: Prof. Dr. Hamdullah KILIÇ  

 

09:00 - 09:40 

Sandro O. LAISO, Intertek 

“Analytical Approaches for Reliable Screening and Control of 
Genotoxic İmpurities”  

09:40 - 10:00 
Prof. Dr. Ahmet C. GÖREN, Bezmialem Vakıf University 

“Reliability and Validity of Dietary Supplements” 

10:00 - 10:15 

Dr. Sıtkı Doğa ELÇİ, LumiLabs 

“Investigation of The Activation Mechanisms of Natural Clotting 
Processes by Highly Deacetylated Chitosan” 

10:15 - 10:30 

Therese TRAN, Kromasil 

“Investigation of Impurity Profiles in Preparative HPLC 

Applications of Peptide APIs” 

 

10:30 - 11:00 

 

Coffee Break 

 
12. Session 

 

Session Chair: Dr. O. Mutlu TOPAL 

11:00 - 11:40 Dr. Lance SMALLSHAW, UCB S.A., Wallonia, Belgium 

11:40 - 12:00 

Gül Gönül KAYAR, Abdi Ibrahim Pharmaceuticals 

“In Vitro Comparative Nasogastric (NG) Tube Study for Film 

Coated Tablets Containing Platelet Aggregation Inhibitor” 
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12:00 - 12:15 
Asst. Prof. İrem KULU, Gebze Technical University 

“Bioorthogonal Nanozymes: Synthesis and Kinetic” 

12:15 - 12:30 

 

 

Büşra CESUR, Akdeniz University 

“Preparation and Safety Evaluation of Nano-niosomes for 
Biotechnology-derived Medicinal Products and Cosmetics” 

12:30 - 14:00 Lunch 

13. Session Session Chair: Assoc. Prof. Dr. Nurettin MENGEŞ 

14:00 - 14:15 

Assoc. Prof. Salih ÖZÇUBUKÇU, METU 

“Simple Amino Acid Based Low Molecular Weight Organogel 

as Drug Delivery Systems” 

14:15 - 14:30 

Asst. Prof. Süleyman AKOCAK, Adiyaman University 

“Potent and Selective Inhibition of Carbonic Anhydrase 

Isoforms by Using 1,3,5-triazine and 1,3-diaryltriazene 
Substituted Sulfonamides” 

14:30 - 14:45 

Dr. İlke Uğur MARION, METU 

“Problem Specific Computational Chemistry Solutions in Drug 
Design”  

14:45 - 15:00 

Dr. Burcu BİNİCİ, TUBİTAK National Metrology Institute 

“Production of Certified Reference Material for The 
Measurement of Aminoacids And Neurotoxic Aminoacids in 
Lentil” 

15:00 - 15:15 
Ömer SONKAYA, Aksaray University 

“Design and Synthesis of a Novel NIR Dye” 

15:15 - 15:30 
Muhammed TRAWALLY, İstanbul University 

“Synthesis and Inhibitory Activity of 2-(Alkylidene/arylidene)-N-
(2-(non)substituted-3/4-sulfamolylphenyl) Hydrazine 
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Carbothioamide derivatives as Tumor-associated Carbonic 
Anhydrase hCA IX and hCA XII Inhibitors” 

15:30 - 15:45 

Zinnet Şevval AKSOYALP, Akdeniz University 

“Effects of Vorapaxar Incubation on Human Left Internal 

Mammary Artery Endothelial Function” 

 

15:45 - 16:30 

 

 

Closing Ceremony and Poster awards  

Your poster will be tacked to a 100 cm (tall) x 70 cm (wide) board so therefore should 
not exceed the measurement of the board. Your poster should be placed at the 
poster board with number corresponding to the conference agenda and available for 
viewing by attendees througout the conference. Authors are expected to be 
present at their poster during the poster session on Friday and Saturday at 
7:30 pm. Poster awards will be given at the closing ceremony. 
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ORAL PRESENTATION PROGRAMME 
 

Presentation Hall: Phoenix I 

POSTER NO Author Title 

OP1 Hatice BEKÇİ The Effect of Sistein Carbon Dots on Cell Survival of A549 and 
Beas-2b Cell Lines 

OP3 Gizem DİNLER DOĞANAY Phosphorylation dependent interaction of pro-survival Bag-1 
isoforms with MAPkinases 

OP4 Jale YILDIZ Identification of the Recurrent VUSs in CHEK2 Gene in Breast 
Cancer Patients 

OP6 Zeliha Nur YILMAZ In silico Molecular Docking, ADME and Druglikeness Properties 
of Aromatic Schiff Bases 

OP8 Gozde YENİCE CAKMAK Synthesis, and Molecular Docking Studies of Some Novel 
Benzothiazoles as HDAC Inhibitors 

OP9 Sergen GÜL Catalyst-free and green chemistry approach for unknown fused 
tetraheterocyclic skeleton 

OP10 Beyza SIMSEK Synthesis and Evaluation of In vitro Antiproliferative Activity of 
Some Bisbenzazol Derivatives as Topoisomerase Enzyme 
Inhibitors 

OP11 Serdal KAYA A New Strategy for the Synthesis of Beta- and Gamma-
Carbolines 

OP12 Dilek AKBASLAR Synthesis and Evaluation of Antimicrobial Properties of Some 
Indolyl Chalcone Derivatives 

OP13 Dilek AKBASLAR Synthesis of Tetrasubstituted Pyrroles and Pyrrole-Based 
Chalcones and Investigation of Their Cytotoxic Effects on MCF-
7 Cell Line 

OP14 Havva KURT An Investigation For New Topical Antiseptic Solution with 
Unknown Agents  

OP15 Yakup BUDAK Synthesis, characterization of hydroxyapatite and  comparison 
with commercial hydroxyapatite sample 

OP16 Yakup BUDAK Anti-fungal activities of Marrubium vulgare L. different solvent 
extracts against plant pathogenic fungi 
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OP17 Nebih LOLAK 1,3,5-Triazin Türevi Üreido Benzen Sülfonamitlerin Sentezi, 

Antioksidan, Asetilkolinesteraz, Bütirilkolinesteraz ve Tirozinaz 

Enzim Aktivitelerinin Araştırılması 

OP18 Karina I S AMUDİ New Synthetic Route For Pyrazolo[1,5-a]pyrazine-2-
carbohydrazide Derivative 

OP19 Büşra ÖZTÜRK AYDIN Synthesis Of N-Alkylated Pyrazolo[3,4-d]pyrimidin Derivatives 

OP20 İrfan KOCA Experimental and theoretical characterization and molecular 
docking studies of novel sulfonamide derivatives 

OP21 Gizem Tuğçe ULU The Challenges of Drug Application in Targeted Cancer 
Treatment and Differentiation of Cell Morphology 

OP22 Fatma ALBAYRAK Synthesis of Maleimide-Based Heterocyclic Molecules and 
Investigation of Their Anti-Cancer Activities 

OP23 Ömer Tahir GUNKARA Synthesis of Substituted Bis(heteroaryl)maleimide Derivatives 
as Glycogen Synthase Kinase-3β Inhibitors With Potential Role 

as Anticancer Agents 

OP24 Yaren CABBUR Synthesis of bicyclic aldehyde derivatives from quasi favorskii 
reaction; Investigation of their antioxidant activities 

 

Presentation Hall: Phoenix II 

POSTER NO Author Title 

OP25 Aişe ÜNLÜ Antimicrobial Effect of Green Synthesis of Silver Nanoparticles 
Using Pomegranate Peel Extract  

OP26 Burak KUZU Design and Synthesis of Novel 4-Methylaminopiperidine-
Substituted Imidazopiridine Derivatives and Investigation of 
Their Antimicrobial Activities 

OP27 Burak KUZU Design and Synthesis of Novel Diisopropyloxalamide Derivatives 
and Their Docking Studies for COX Inhibitions 

OP28 Osman Nuri ASLAN Synthesis and anticancer activity of novel urea derivatives 

OP29 Osman Nuri ASLAN Synthesıs, Characterızatıon And Investıgatıon Of Bıoactıve 

Propertıes Of Urea Based New Hybrıd Molecules 

OP30 Mesut ŞENTÜRK Cytotoxic and Antiproliferative Activity of N- (4-Chlorophenyl) -1 
H-Indole-2-Carboxamide on Prostate and Osteosarcoma Cell 
Lines. 
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OP31 Saffet ÇELİK Determination 42 Amino Acids in Royal Jelly from Different 
Regions of Turkey 

OP32 Bunyamin OZGERİS Synthesis of Some Carbamates From Substituted 
Phenethylamines 

OP33 Mustafa Kemal GÜMÜŞ 1,3-nükleofil olarak 3-amino-1,2,4-triazol’ün modifiye Biginelli 

reaksiyonları 

OP34 Zekiye Şeyma SEVİNÇLİ Design, Synthesis And In Vitro Applications Of New Types Of 
Cell Imaging Agents: Imidazopyridine Skeleton 

OP35 Burçin TÜRKMENOĞLU Synthesis of Heterocyclic Compounds and 4D-QSAR Study 

OP36 Zehra ÖKSÜZ Evaluation of Reverse Transcriptase Inhibitor Nucleoside 
Analogue Resistance Profile in HBV Patients with HCMV/EBV 
Coinfection 

OP37 Ufuk ATMACA A Safe Alternative for The Synthesis of Primary Carbamates 
From Alcohols 

OP38 Hamdi ÖZKAN 1-(2-(5-(4-Sübstitüefenil)-1H-tetrazol-1-il)etil)amin Bileşiklerinin 

Sentezi Karakterizasyonu ve Biyolojik Özelliklerinin Araştırılması 

OP39 Ali Enis SADAK Live Cell Imaging 

OP40 Özge ÇAĞLAR Activity and stability enhancement by chemical modification of 
the Candida rugosa Lipase 

OP41 Elif ÖZYİLMAZ Immobilization of Candida rugosa lipase on Calix[4]aren 
functionalized water-soluble iron oxide magnetite nanoparticles 
for enzymatic resolution of (R,S)-Naproxen methyl ester 

OP42 Murat KIRANŞAN Removal of Antibiotic Drug Wastes from Aqueous Solutions by 
Photocatalytic Ozonation Process 

OP43 Murat KIRANŞAN A review on the Removal of Pharmaceutical Wastes from 
Aqueous Solutions under the Effect of Different Nanocomposite 
Catalysts of Sonocatalytic Degradation 

OP44 Mehmet KUZUCU Synergistic Anti-proliferative and Anti-Cancer Effects of 
Gambogic Acid with Capecitabine in MDA-MB-453 Human 
Breast Cancer Cells 

OP45 Alim SUSAM Towards a multi-emissive drug 

OP46 Arzu GÖBEK Synthesis of Flouro-Substituted Bis-Chalcone Derivatives as an 
Antiproliferative Agent 
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Presentation Hall: Mirage I-II 

POSTER NO Author Title 

OP47 Mehmet OGUZ 
The Synthesis of Cationic Calix[4]arene Derivatives and 
Evaluation of Their Cytotoxic Potential for Human Cancerous 
Cells  

OP48 Mehmet ERŞATIR 
Novel Coumarin-Selenophene Hybrids as Potential 
Antiproliferative Agents: Synthesis and Biological Evaluation 

OP49 Özgür YILMAZ α-C-H cyanation of tertiary amines with a new method 

OP50 Erdin DALKILIÇ 
Synthesis of Novel Molecular Clip Based on Norbornadiene 
Framework 

OP51 Bilal NİŞANCI 

Transition Metal Nanoparticles Supported on Metallic Aluminum 
Nanoparticles Intercalated Two-Dimensional Carbon Support 
Materials as Catalysts for the New Generation of Transfer 
Hydrogenation Reactions 

OP52 Bilal NİŞANCI 
A Facile and Highly Efficient Dehalogenation of Halides 
Catalyzed by Palladium Nanoparticles Supported on 
Mesoporous Graphitic Carbon Nitride 

OP53 Yusuf AKBABA 
Synthesis of Novel Symmetrical Sulfamides Derived  2-
Aminotetralins 

OP54 Sinem ÜMİT 
Synthesis of bicyclic haloalcohols from ketene addition reaction; 
Investigation of their antioxidant activities 

OP55 İrfan ÇAPAN 
Synthesis of Potential Biologically Active Molecules; 
Thiosemicarbazide and 1,2,4-Triazole Derivatives Having the 
Carbazole Hybrid. 

OP56 Gönül YAPAR Based Imine Compounds  

OP57 Gönül YAPAR 
Synthesis of New Bis-Schiff Base Podands and Investigation of 
Their Antioxidant Activity, Biological and Anion Sensor 
Properties 

OP58 Nalan İmamoğlu 
The Contrast Effects of Pre- and Post- Treatment with 
Dexamethasone on the Expressions of Interleukin (IL)-6, IL-8 
and Eotaxin-1 in Lipopolysaccharide-Stimulated BEAS-2B Cells  

OP59 Onur DEMİRKOL 
Extraction of Furanocoumarin and Coumarins by Subcritical 
Water Extraction from Ruta chalepensis  
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OP60 Sinan BİLGİNER 
Synthesis, Cholinesterase Inhibition and Molecular Docking 
Studies of Novel Mannich Bases of Banzoxazolone Chalcone 
Compounds 

OP61 Burak ARABACI 
Determination of Sapropterin Dihydrochloride in Solid Dosage 
Forms by Visible Spectroscopy 

OP62 Aysun DEGIRMENCI Polymer Drug Conjugates for Pancreatic Cancer Therapy 

OP63 Enfal ÖZER Antibody-Drug Conjugates As Targeted Drug Delivery Agents 

OP64 Ümit BABACAN Variations of Ferulic Acid in Traditional Turkish Wheat Species 

OP65 Ümit BABACAN 
Cell Viability Effects of Ferulic Acid on Melanoma Cell Line (SK-
MEL-30) 

OP66 Ümit BABACAN A Sensitive Determination of Cannabidiol (CBD) by HPLC 

OP67 İrem NAMLI 
An Approach for Solubility Enhancement of Poorly Water-
Soluble Drug Cefdinir with Polyvinyl Alcohol 

OP68 Ülkü ÇAYKÖYLÜ A Review of Quantum Dot Based Nano-Biosensors 

 

Presentation Hall: Mirage I-II 

POSTER NO Author Title 

OP69 Salli GÜR 
Antibody Polymer-Drug Conjugates As Targeted Chemotherapy 
Agents 

OP70 Erbay KALAY 
Palladium Nanoparticles Assembled on Mesoporous Graphitic 
Carbon Nitride: A Highly Efficient Heterogeneous Catalyst for the 
Stille Coupling Reaction 

OP71 Malak ALIZADA 
The Synthesis of Calixarene Based Non-Toxic Fluorogenic and 
Colorimetric Dual-Channel Chemo-sensor and its Applications in 
Bioimaging 

OP72 Meltem TAN 
Novel Synthesis Method For 5,6-Substitue Heterobicyclic 
Compounds 

OP73 Meltem TAŞ Anadolu Kestane ve Narenciye Ballarının Glisemik İndeksleri 

OP74 Begüm Hazar ÇİFTÇİ 
Liquidambar orientalis reçinesinin üreaz enzim inhibisyon 

aktivitesi 
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OP75 Göksun DEMIREL 
Metamfetamin Bağımlılığın Tedavisinde Terapötik Aday 

:mikroRNA- Let7b-3p 

OP76 Mine BUĞA 
Synthesis of Benzimidazole-2-Phenyl with Alkyl / Alkyloxy linker 
Derivatives and Their Investigation of Antiproliferative Effect 

OP77 E. Vildan BURGAZ  
Yeni 7,11-diaril-3-tiyookso-2,4-diazaspiro[5,5]undekan-1,5,9-
trion Bileşiklerinin Sentezi 

OP78 Pelin VURAL Selectıng “Worst Case” For Equıpment Cleanıng Valıdatıon 

OP79 Efe Doğukan DINCEL 
Novel 4-thiazolidinones and 1,3,4-oxadiazoles: Synthesis, 
theoretical evaluation of ADME properties and docking study 

OP80 Ersin DEMIR 
The electrochemical behaviour and determination of bupivacaine 
ophthalmic drug by square wave voltammetry on glassy carbon 
electrode  

OP81 Emre ÜNLÜ  
Determination of anthrax by strong luminescence of lanthanide 
phosphorescence 

OP82 Şeyma OCAKÇI 
Design and synthesis of a new chemiluminogenic probe for 
hypochlorite 

OP83 M. Fatih POLAT 
Design, Synthesis and Determination of Bisbenzazol Derivatives 
for Antiproliferative and Antimicrobial Activity 

OP84 Tansu DOĞAN 
Development of Practical Electrochemical System for 

Phenytoin Detection 

OP85 Tansu DOĞAN 

Preparation and Characterization of Metal Oxide Nanoparticles 
Modified Carbon Nanotube-Conducting Polymers Based 
Composite Electrode For Simultaneous Determination Of 
Melatonin And Caffeine 

OP86 Nilgun KARASU 
Effect Of Tamoxifen-Gambogic Acid Combinations on 
Antiproliferative Activity in Estrogen Receptor-Positive Breast 
Cancer Cells 

OP87 Eren BOSTANCI 
Investigation of the Effects of BK369 Compound on Breast 
Cancer 

OP88 Yakup KAPTAN 
Synthesis of 3,5-Diarylsubstituted İsoxazoles as an Anticancer 

Agent 

OP89 Derya AKTAŞ ANIL 
Synthesis and Investigation of Anticancer Properties Fluoro 
Substitued Bis-Chalcone Derivatives 
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OP90 Derya AKTAŞ ANIL 
Elucidation of Chemical Structures of Some Chalcones 
Compounds by NMR Spectroscopy 

 

 
POSTER PRESENTATION PROGRAMME 

 

 

Poster No 

 

Author 

 

Title 

P2 Hatice BEKÇİ 
The Effect of Pt-Au Bimetalic nanoparticules of Curcuma Longa 
extract Cell Survival of A549 and Beas-2b Cell Lines 

P5 

 
Gizem DİNLER DOĞANAY 

Development of a Practical Capillary Zone Electrophoresis 
Method to Determine Charge Variant Profiles Under Forced 
Degradation Conditions for Monoclonal Antibodies 

P7 

 
Zeliha Nur YILMAZ 

Investigation of Functional Models for the Catalase, Catecholase 
and Phenoxazinone Synthase Enzymatic Activities 

P91 Muhammed TUNEĞ 
Aromatik Yapıya Sahip Bis-Sülfonamit Schiff Bazı Türevlerinin 

Sentezi, Antioksidan, Asetilkolinesteraz ve Bütirilkolinesteraz 

Aktivitelerinin Araştırılması  

P92  Eylem Esin YÜCESOY 
Astım İlaç Etken Maddesi Olan Tomelukast’ın Benzer 

Bileşiklerinin Sentezi ve Yapılarının Aydınlatılması 

P93 Burçin KIVANÇ 
Comparison of Sink Condition Solubility Studies of A Direct 
Factor Xa Inhibitor Molecule By Traditional Solubility 
Methodology And Compendial Apparatus 

P94 Yonca TARAMAN 
Artvin Yöresinde Yetişen Bazı Yenilebilir Mantarların Metal 

Konsantrasyonu ve Toplam Fenolik İçeriğinin Belirlenmesi 

P95 Canan ALTUNTAŞ 
Yeni triazol-salisiliden Schiff bazı türevlerinin çevreye duyarlı 

sentezi ve yapılarının aydınlatılması 

P96 Elif Tuğçe ERDEVE 
Molecular modelling studies to identify novel inhibitors of the 
human 26S proteasome complex 

P97 Özlen GÜZEL AKDEMİR The Ongoing Quest for Selective hCA IX/XII Inhibitors 

P98 Serenay AKYOL 
Development of a Reversed Phase UHPLC Method As an 
Alternative of Normal Phase HPLC Method For Vitamin D3 
(Cholecalciferol) 50000 IU/15 ml Oral Drop Assay Analysis 
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P99 Handenur YILMAZ 
The One Pot Synthesis and Antioxidant Activity Determination of 
Novel Benzothiazine Derivatives 

P100 Nursena MUTLU 
Yeni Benzoksazin Türevlerinin Sentezi ve Antibakteriyel 

Etkilerinin Araştırılması 

P101 Gülnur DANDİN 
Synthesis and Antibacterial Activity of New Sulfonamide 
Derivatives Containing Thiazolidine Ring 

P102 Belma ZENGİN KURT 
Synthesis and Cytotoxic Activity of Novel Flurbiprofen 
Derivatives Containing Urea Group 

P103 Belma ZENGİN KURT 
Synthesis and Cytotoxic Activity of New Sorafenib / Ruthenium 
Complexes 

P104 Suray JUMAMYRADOVA 
The One-Pot Synthesis and DNA- Interaction of Novel 
Benzoxazine Derivative.  

P105 Gulsah AYDİN Use of Lecithin as Emulsifier in Herbal Cream Production 

P106 Sümeyye TURANLI 
Synthesis of New Vicinal Diaryl Five-Membered Heterocyclic 
Compounds with Potential Anticancer Activity 

P107 Gökçe UZUNAY 
The search for novel inhibitors of the human 26S proteasome 
complex 

P108 Ali DİŞLİ 
Bazı Tiyotetrazol Türevi Bileşiklerin Antimikrobiyal Aktivitelerinin 

Belirlenmesi 

P109 Emre ÖZCANLAR 
Method Validation of Establishing the Sterilization Dose in 
Gamma Sterilization Process for Medical Device (Class III) 

P110 Gülnur ARSLAN 
Synthesis of 3-Substitued-5-Chloro-2-(3H)-Benzothiazolone 
Derivatives 

P111 Demet CANSARAN DUMAN 
The Comparison of miRNAs That Respond to Anti-Breast 
Cancer Drugs and Usnic Acid For The Treatment of Breast 
Cancer 

P112 Demet CANSARAN DUMAN 
The role of usnic acid in regulating apoptosis of SKBR-3 breast 
cancer cell 

P113 Ayca DEDEOGLU 
Novel 3,5-Disubstituted-1,3,4-Oxadizoles:                                                             
Synthesis, Anti-inflammatory Activity and Enzyme Interactions  

P114 Duygu YALÇINKAYA YAVUZ 
Development of a Practical Capillary Zone Electrophoresis 
Method to Determine Charge Variant Profiles Under Forced 
Degradation Conditions for Monoclonal Antibodies 
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P115 Seminay GÜLER 
Real Time Kinetic Analysis of Biosimilar Drugs Based on Surface 
Plasmon Resonance (SPR) 

P116 Sultan ÇETİN 
Development of Glutathione Selective Silicon-Fluorescein Based 
Photodynamic Therapy Agents 

P117 Ali Osman SARIKAYA 
Stabilization of Cyclic Lipopeptide Antibiotic Powder for IV 
Injection with the Lyophilization Process 

P118 Ulvi MEHDİZADE Determination of roflumilast by a new HPLC metho 

P119 Ebru İLHAN LALE 
Yumuşak Kapsül Formlu Ürünlerin Çözünme Testi Analizinde 
Oluşabilecek Çapraz Bağlanma Problemine Çözüm Yaklaşımları  

P120 Filiz ÇALIK 
Dendron−Polymer Conjugate Based Cross-Linked Micelles:  

A Versatile Nano Carrier for Targeted Delivery 

P121 Toghrul ALMAMMADOV 
Resorufin Dye in Photodynamic Therapy: An Enzyme 

Activatable Photosensitizer for Selective Cytotoxicity 

P122 Burak ÇOBAN 
A Novel Benzimidazole-Benzothiadiazole Derivative: Synthesis, 
Characterization, DNA Interaction and Cytotoxic Activity Studies 

P123 Gizem KURŞUNLUOĞLU Terapötik Monoklonal Antikorların Analitik Karakterizasyonu 

P124 Elçin ÇAĞATAY 
Synthesis and Characterization of Murryaquinone-A Derivatives 
and Determination of Their Biological Activity 

P125 Oğuz ERDOĞAN 
Design of potential inhibitors of mTOR using molecular modelling 
studies  

P126 Oğuz ERDOĞAN 
Evaluation of Metabolites Produced by Fungal Biotransformation 
of Apigenin and Fisetin and Their Cytotoxic Activities 

P127 Sevil İRİŞLİ 
Antikanser Aktiviteye Sahip Yeni Pt(II)-Benzimidazol 
Kompleksleri 

P128 Ahmet Fatih ŞAHİN 
Designing Potential hIKK2 Inhibitors Using Molecular Modelling 
Studies   

P129 Ahmet ÖZDEMİR 
Synthesis, In vitro and In silico Evaluation of A Series of 
Pyrazolines as New DPP-4 Inhibitors 

P130 Hasan SOYBİR 
New Pyrazole-Based Thiosemicarbazone Derivatives as Anti-
Breast Cancer Agents 

P131 Kübra ORAL 
Determination of Anticolorectal Cancer Effects of New Imidazole-
Based Thiazolyl Hydrazone Derivatives 
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P132 Mustafa OZTURK 
The Therapeutic Potential of C-Pycocyanin for Acute 
Lymphoblastic Leukaemia Cells 

P133 Gülsen Deniz KAHRAMAN Kazdağları Esintili Krem 

P134 Selingün ÇAKIR 
Biyoaktivite Potansiyeli Olan Yeni Amino Tiyofenlerin Sentezi ve 
Yapılarının Aydınlatılması 

P135 Gülay BULUT 

Combination Treatment with YK-4-279 Enhances Cisplatin 

Chemosensitivity in A549 Non-Small Cell Lung Cancer Cell Line 

Through Alteration of EGFR-STAT3 Signaling Pathway  

P136 Ömer AVŞAR 
Unraveling the Molecular Requirements of Selective Recognition 
of Antigen A by its Antibody Using Molecular Modelling Studies 

P137 Hande GUNDUZ 
Hemicyanine Based Phototheranostic Agents for Cancer 
Imaging and Therapy 

P138 Nursefa Zengin 
The use of BINAP.PdCl2 as a homogeneous catalyst for the 
reduction of nitroaren in aqueous medium 

P139 Remzi Burak ÖZTÜRK 
Design, Synthesis and Evaluation of A New Series of Tetrazole-
Hydrazone Hybrids as Potential Cytotoxic Agents on PC-12 Cells 

P140 Ecem KUZPINAR 
In Vitro Diffusion Test Study Using Franz Diffusion Cell System 
for a Non-Steroidal Anti-Inflammatory Prodrug Ophthalmic 
Suspension  

P141 Mehmet GÜMÜŞ  
The Synthesis and Characterization of Potential Anticancer 
Agents Bearing Pyrazole and Benzo Diazepine Heterocyclic 
Structures 

P142 Mehlika Dilek Altıntop 
A New Series of Thiazole-Based ABL1 Kinase Inhibitors as 
Antitumor Agents against Chronic Myelogenous Leukemia  

P143 Aykut DEMİRKIRAN 
Structural Characterization of Monoclonal Antibody by ESI-Q-
TOF  

P144 Nur Hilal OLGUN 
Molecular Docking Studies of Some Strigolactone Analogous as 
Cdk5 Inhibitors: Potential Lead Evaluation Related to Tau 
Hyperphosphorylation in Alzheimer Disease 

P145 Tuğçe TUĞLU YENİGÜN 
Effects of Formulation Parameters on the Release of Metformine 
From Encapsulated Microparticles 

P146 Enis IŞIK 
Stable NanoEmulsion Production And Optimization Of Droplet 
Size Distribution 
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P147 Merve ÇITAK 
Quality by Design Approach for Analytical Method Development 
in Liquid Chromatography with Drug Product Containing Nicotine 
Receptor Antagonist 

P148 Erez UZUNER 
Determination of Effects of Nilotinib and SK-1 II on Human 
Telomerase Reverse Transcriptase (hTERT) in Acute 
Lymphoblastic Leukemia Cells 

P149 Amani AMAMRA 
Antimicrobial activity and total phenolic content of aqueous 
extract of Amaranthaceae 

P150 Polen YUNUS Possible Use of Nilotinib Against HER2+ Breast Cancer Cells 

P151 Aliye ALAYLI ALTUNDAŞ 
M. Tuberculosise Karşı Antimikrobakteriyal Etki Gösterebilecek 

(1-Benzil-1H-1,2,3-triazol-4-il)(furan-2-il)metanonların Sentezi 

P152 Güler YAĞIZ 
(1-Benzil-1H-1,2,3-Triazol-4-il)(Fenil)Metanon Türevlerinin 

Sentezi ve Mycobacterium Tuberculosis Basili Üzerine Etkilerinin 

İncelenmesi 

P153 Nalan YILMAZ 
Synthesis and Evaluation of A Series of Thiazole Derivatives as 
New Apoptotic Anticandidal Agents 

P154 M. Mustafa SÜNGÜ 
Comparison of Tetrazolium (MTT) and Sulforhodamine B (SRB) 
Protein Assays for Assessing in vitro Cell Viability  

P155 Anisa AZIMI 
Preparation of the Inclusion Complexes of Water Soluble 
Calix[4,8]arene L- Proline Drtivatives and Quercetin: Solubility, 
Cytotoxic effect  

P156 Handan SEZEN 
Anjiyotensin Dönüştürücü Enzim Inhibitörleri Ve Kalsiyum Kanal 

Blokerleri Kombinasyonu Prosesinde İkili Etkin Madde 

Uyumsuzluğunun Giderilmesine Yönelik Proses Optimizasyonu 

P157 Murat VARDAR 
Development of A Parenteral Nutrıtıon Product Wıth an 

Optımızed and Sustaınable Productıon Technıque by Qbd 

(Qualıty By Desıgn) 
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FULL TEXTS 

 
AUTHORS TITLE 

 

Burçin TÜRKMENOĞLU 4D-QSAR and Molecular Docking Studies on 
Some Steroidal Derivatives 

Kübra DEMİR YAZICI Inhibition of the α-class Carbonic Anhydrase 
from Vibrio cholerae (VchCA) with Novel 
Sulfonamido-based Hydrazones 

Büşra CESUR Preparation and Safety Evaluation of Nano-
niosomes for Biotechnology-derived 
Medicinal Products and Cosmetics 

Zinnet Şevval AKSOYALP Effects of Vorapaxar Incubation on Human 
Left Internal Mammary Artery Endothelial 
Function 

Aysun DEGİRMENCİ Polymer Drug Conjugates for Pancreatic 
Cancer Therapy 

Enfal ÖZER Antibody-Drug Conjugates As Targeted Drug 
Delivery Agents 

 Emine Ülkü ÇAYKÖYLÜ A Review of Quantum Dot Based Nano-
Biosensors 

 
Nalan İMAMOĞLU 

The Contrast Effects of Pre- and Post- 
Treatment with Dexamethasone on the 
Expressions of Interleukin (IL)-6, IL-8 and 
Eotaxin-1 in Lipopolysaccharide-Stimulated 
BEAS-2B Cells  

M. Fatih POLAT Design, Synthesis and Determination of 
Bisbenzazol Derivatives for Antiproliferative 
and Antimicrobial Activity 

Sinan BİLGİNER Synthesis, Cholinesterase Inhibition and 
Molecular Docking Studies of Novel 
Mannich Bases of Banzoxazolone Chalcone 
Compounds  

Salli GÜR Antibody Polymer-Drug Conjugates As 
Targeted Chemotherapy Agents 

Murat KIRANŞAN Removal of Antibiotic Drug Wastes from 
Aqueous Solutions by Photocatalytic 
Ozonation Process 

Meltem TAN Novel Synthesis Method For 5,6-Substitue 
Heterobicyclic Compounds 
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Büşra ÖZTÜRK AYDIN Synthesis Of N-Alkylated Pyrazolo[3,4-
d]pyrimidin Derivatives 

Onur DEMİRKOL Extraction of Furanocoumarin and 
Coumarins by Subcritical Water Extraction 
from Ruta chalepensis  

Mehmet ERŞATIR Novel Coumarin-Selenophene Hybrids as 
Potential Antiproliferative Agents: Synthesis 
and Biological Evaluation 

Dilek AKBASLAR Synthesis and Evaluation of Antimicrobial 
Properties of Some Indolyl Chalcone 
Derivatives 

İrem NAMLI An Approach for Solubility Enhancement of 
Poorly Water-Soluble Drug Cefdinir with 
Polyvinyl Alcohol 

Beyza SIMSEK Synthesis and Evaluation of In vitro 
Antiproliferative Activity of Some 
Bisbenzazol Derivatives as Topoisomerase 
Enzyme Inhibitors 

Dilek AKBASLAR Synthesis of Tetrasubstituted Pyrroles and 
Pyrrole-Based Chalcones and Investigation 
of Their Cytotoxic Effects on MCF-7 Cell Line 

 
Mine BUGA 

Synthesis of Benzimidazole-2-Phenyl with 
Alkyl / Alkyloxy linker Derivatives and Their 
Investigation of Antiproliferative Effect  

Zehra ÖKSÜZ Evaluation of Reverse Transcriptase 
Inhibitor Nucleoside Analogue Resistance 
Profile in HBV Patients with HCMV/EBV 
Coinfection 

Ufuk ATMACA A Safe Alternative for The Synthesis of 
Primary Carbamates From Alcohols 

Efe Doğukan DİNCEL Novel 4-thiazolidinones and 1,3,4-
oxadiazoles: Synthesis, theoretical 
evaluation of ADME properties and docking 
study 

 
Ahmet Mesut ŞENTÜRK 

Cytotoxic and Antiproliferative Activity of N- 
(4-Chlorophenyl) -1 H-Indole-2-
Carboxamide on Prostate and 
Osteosarcoma Cell Lines. 
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Burak KUZU Design and Synthesis of Novel 
Diisopropyloxalamide Derivatives and Their 
Docking Studies for COX Inhibitions 

 
Tansu DOĞAN 

Preparation and Characterization of Metal 
Oxide Nanoparticles Modified Carbon 
Nanotube-Conducting Polymers Based 
Composite Electrode For Simultaneous 
Determination Of Melatonin And Caffeine 

Tansu DOĞAN Development of Practical Electrochemical 
System for Phenytoin Detection 

Derya AKTAŞ ANIL Synthesis and Investigation of Anticancer 
Properties Fluoro Substitued Bis-Chalcone 
Derivatives 

Yakup KAPTAN Synthesis of 3,5-Diarylsubstituted 
İsoxazoles as an Anticancer Agent 

Derya AKTAŞ ANIL Elucidation of Chemical Structures of Some 
Chalcones Compounds 
by NMR Spectroscopy 

Arzu GÖBEK Synthesis of Flouro-Substituted Bis-
Chalcone Derivatives as an Antiproliferative 
Agent 
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The changing world of kinase inhibitors: towards selective inhibitors 

Hervé Galons  

INSERM U1022, Paris Descartes University, 4, avenue de l’Observatoire, 75006 Paris, France  

E-mail: herve.galons@parisdescartes.fr 

The development of precision medicine is boosting the kinase inhibitor field. Not less than 7 

kinase inhibitors were approved by the FDA in 2018, adding to the 4 which reached the market in 

2017. Cyclin dependent kinase (CDKs) have recently attracted interest as 

3 CDK4/CDK6 inhibitors have been approved against estrogen positive breast cancer {1]. There is 

clearly a need for new selective inhibitors of kinases which are over-expressed in several types of 

tumors. 

We have first designed new series of compounds based on crystal structure determinations of kinase-

inhibitor complexes [2]. Their molecular mechanism of action was investigated through affinity 

chromatography assays. The probes prepared to identify molecular targets were also useful for a 

better understanding of the mechanism of targeted diseases [3].  

These experiments guided us in the search of new inhibitors with distinct inhibition profiles.  

In particular, following a kinome scan against 250 kinases, selective inhibitors of CDK7 were 

discovered.  CDK7 is a promising target as this kinase controls CDK2, CDK4, CDK6 and transcription. 

The dual activity of CDK7 support the potential interest of CDK7 inhibitors. Two CDK7 inhibitors have 

recently entered clinical testing [4]. 
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Pharmaceutical Chemical Development – Challenges Over Past 10 Years 

Mike Webb  

API Chemistry & Analysis at GSK, United Kingdom 

mikewebbpharma@yahoo.co.uk 

Up until around 10-15 years ago, the development of synthetic processes for the manufacture of new 
drugs evolved, but there were few major step changes. The development of stereospecific syntheses 
and new approaches to hydrogenation are notable exceptions. 

At the end of the 20th century, and at the beginning of this century, significant new drivers became 
apparent. With the introdution of more personalised medicines and other ecominic pressures, cost 
of good became much more important. Furthermore, sustainability and “green chemistry” became a 
significant driver for innovation and change. The response of the industry to the drivers resulted in 
some step changes in the practise of chemical development across the pharmaceutical industry.  

At the same time, new modalities of treatments were also driving change in the industry. 
Biopharmaceuticals, therapeutic oligonucleotides, and cell and gene therapies have driven major 
changes in the types of treatments avaiailable, and previously undruggable diseaeses are now 
treatable. 

This presentation will describe the industry’s development chemistry repsonse to these challenges. 
The impact of continous processing and synthetic biology will be discussed. Of the new modalities, 
therapeutic oligonucleotiodes present an entirly new synthetic challenge to the indusry which will 
also be discussed. 
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Multi-target-directed ligand design strategy in Alzheimer’s disease: lessons 
learned and challenges ahead 

Marıa Laura BOLOGNESI   

Alma Mater Studıorum - Unıversıty Of Bologna, Bologna, Italy 

E-mail marialaura.bolognesi@unibo.it 

The concepts of multitarget-directed ligands (MTDLs) to combat neurodegenerative diseases, 

including Alzheimer’s (AD), remains one of the hot topics of our field.1 In 2008, attracted by the 

potential of a single molecule to simultaneously modulate multiple targets responsible for the 

neurodegeneration cascade, we published our interpretive account on the topic.1 More than 10 years 

later, the response to this publication has been very positive. However, how to effectively develop a 

completely new class of MTDLs and successfully bring them to the patients and their families in need, 

remains a fundamental challenge. Undoubtedly, AD multitarget drug discovery combines the hurdles 

of an extremely challenging area such as CNS drug discovery, with those of novel pharmaceutical tools, 

such as MTDLs. We believe that, as for any drug discovery project to succeed, there must be from the 

beginning a clear vision of the essential features required for a drug to be successful and to be of 

substantial benefit over existing single-target therapies. With the aim of maximizing success in 

polypharmacology, we recently proposed a checklist, that can be universally used to guide hit 

identification MTDD strategies.2 Accordingly, we believe that robust 

pharmacodynamics/pharmacokinetic (PK) data should direct the go/no go decision to develop hits that 

truly possesses an anti-AD multi-target profile, i.e., (a) are directed to networked targets whose 

connectivity has been proved in cellular models; (b) they simultaneously modulates the selected 

targets (a possible threshold of minimum acceptable activity <1 μM) (c) they effectively reaches the 

brain and (d) they are more effective and safer than a single-targeted reference drug and at least 

equally effective and safe as a drug combination at the cellular level. These concepts will be illustrated 

by relevant examples taken from our own research. 
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Discovering New Chemotypes That Selectively Inhibit Microbial Carbonic 
Anhydrases 

Marco Pieroni 

P4T Group, Department of food and drug, University of Parma 

Marco.pieroni@unipr.it 

A growing number of pathogens are becoming resistant to the available antibiotic treatments. 
Infections caused by these resistant strains fail to respond to classical antibiotic therapies, therefore 
leading to prolonged illness, higher healthcare costs, and a greater risk of death. In this scenario, the 
discovery and development of novel approaches to counteract the emergence of resistant pathogens 
is of great demand. Among others, new possible drug targets recently explored are represented by a 
class of enzymes that catalyse a simple, but physiologically relevant process: the hydration of carbon 
dioxide to bicarbonate and protons. This class of enzyme is called carbonic anhydrase (CAs, EC 4.2.1.1). 
Recently it has been demonstrated that in many pathogens, CAs are essential for their life cycle and 
the inhibition of such enzymes leads to growth impairment or growth defects. However, the principal 
drawback in using CA inhibitors (CAIs) as antimicrobial agents is the side effects due to the lack of 
selectivity toward different families and isoforms.1 Herein, we describe the identification of a new class 
of CAIs characterized by the presence of new Zinc Chelating Group (ZCG), which preferentially interact 
with microbial CA active sites over the human ones. The hit compound identified was used as starting 
point for the hit expansion. The second series of synthesized compounds were tested against a large 
panel of different classes of CAs, allowing us to identify a small sub-set of compounds that inhibit 
microbial CAs with a selectivity fold greater than 60.2 Our results highlight for the first time that is 
possible to design and synthetized compounds that selectively target different classes of CAs. Indeed, 
the newly reported inhibitors preferentially interact with the β- and η-CA family over the ɑ one. The 
most promising compounds, in terms of affinity and selectivity, were then tested against an important 
human pathogen revealing that our compounds are also able to inhibit microbial CA in cells and the 
mechanism of action of our CAIs was also confirmed. Finally, our compounds represent a new class of 
CAIs able to selectively inhibit in cells microbial CAs, furnishing for the first time a robust proof of 
concept that microbial CAs can be suitable drug targets in antimicrobial therapies. 
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A similarity-based reverse screening method to predict protein drug targets  

Orazio Nicolotti 

Dipartimento di Farmacia-Scienze del Farmaco, Università degli Studi di Bari “Aldo Moro” 
Via E. Orabona, 4, I-70125 Bari, Italy  

 
orazio.nicolotti@uniba.it 

Pairing novel compounds to specific protein drug targets or repositioning old drugs to apparently 
unrelated diseases is a fascinating and challenging theme of drug discovery. In this scenario, we 
developed an easy-to-run in silico tool for predicting protein drug targets by implementing a multi-
fingerprint similarity search algorithm, whose acronym is MuSSeL. Predictions were computed by 
exploiting a large collection of highly curated experimental bioactivity data available from ChEMBL 
(version 25 released in March 2019) through similarity search screenings based on 13 different 
molecular fingerprints. Interestingly, the prospective use of MuSSeL was challenged predicting real-
life bioactive compounds taken from scientific articles just published in Journal of Medicinal Chemistry 
whose structures and associated bioactivity data were not covered in ChEMBL. Our approach 
demonstrated to return a more informed interpretation of putative protein drug targets for drug-like 
small molecules and could be of valuable help to assist and speed-up early stages of drug discovery 
programs. 

Algorithms and data have been implemented in a python web framework accessible through a 

graphical user-friendly interface available online at the following link: 

http://mussel.uniba.it:5000/ 

The MuSSel platform can be used for free upon the request of a non-profit license. 
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Continuous Processing and Real Time Monitoring of Hazardous Chemistry  

Staffan Karlsson 

Astra Zeneca, Gothenburg, Sweden 

E-mail Staffan.PO.Karlsson@astrazeneca.com 

Continuous processing (flow chemistry) is a useful technique used as a complement to normal 

batch processes. Not only is it used to minimize risks when handling compounds of high energy 

but also for other reasons such as convenient handling of volatiles compounds at high reaction 

temperatures, handling of short-lived species and for selectivity reasons. This presentation 

will highlight a few examples where continuous processing has facilitated the development of 

safe methods for manufacture of building blocks and drug candidates for pre-clinical studies.  

It will also show examples of real time monitoring of reactions which enabled rapid 

optimization of reaction parameters and allowed for a better control of monitoring levels of 

hazardous intermediates. 
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Bivalent inhibitors of human protein kinase CK2, an emerging target in cancer 

Joachim Josea, Markus Pietschb, Kaido Vihtc, Alexander Schnitzlerd, Ramesh Ekambaramc, Michaela 
Steinkrügerb, Erki Enkvistc, Christian Nienberga, Anna Nickelsena, Miriam Lauwersb, Asko Uric and 

Karsten Niefindd 

aInstitut für Pharmazeutische und Medizinische Chemie, WWU Münster, PharmaCampus, Corrensstr. 
48, D-48149, Münster, Germany; bInstitut II für Pharmakologie, Universität zu Köln, Gleueler Str. 24, 

D-50931 Köln, cInstitute of Chemistry, University of Tartu, 14A Ravila St., 50411 Tartu, Estonia, 
dInstitut für Biochemie, Universität zu Köln, Zülpicher Str. 47, D-50674 Köln, Germany  

joachim.jose@uni-muenster.de 

Human protein kinase CK2 is an acidophilic, pleiotropic and highly conserved member of the 

eukaryotic protein kinase (EPK) family. The heterotetrameric holoenzyme is composed of two 

catalytic chains (CK2α) attached to a homodimer of regulatory subunits (CK2β). CK2 plays a 

key role in a variety of cellular regulatory processes and has been considered for a long time 

as not druggable. Because in tumor cells, CK2 is overexpressed and help the cells to evade 

apoptosis, reducing CK2 activity to normal levels leads programmed cell death. Accordingly, 

silmitasertib, an ATP-competitive inhibitor of CK2 is at current in clinical phase II for the 

treatment of cholangiocarcinoma. As for most biomedically relevant EPKs, CK2 inhibitors 

identified so far are small molecules addressing the ATP site. Due to the structural 

conservation of the ATP site, such inhibitors are limited in their selectivity. A strategy to 

overcome this problem is the use of a secondary binding site  by a so-called bivalent inhibitor, 

in which two terminal anchor groups are connected via a suitable linker. As target for the 

second anchor, the CK2/β-interface1), the substrate-binding site and a recently detected αD-

pocket can be addressed. Here, we describe the tetraiodobenzimidazole derivative ARC 3140, 

a bisubstrate inhibitor addressing the ATP site and second site of CK2 with extraordinary 

affinity (Ki = 84 pM). Interaction studies based on microscale thermophoresis revealed a 

significant impact of ARC 3140 and of its tetrabromo equivalent ARC 1502 on CK2α/CK2β 

interaction. Thus, ARC-3140 is a lead for the further development of high affinity inhibitors of 

human protein kinase CK2 holoenzyme with improved selectivity2). 
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Bile Acids And The Chemistry They Inspire To Discover New Chemical Entities 

Antimo Gioiello 

Department of Pharmaceutical Sciences, University of Perugia, 06122 Perugia, Italy.   

E-mail antimo.gioiello@unipg.it 

Bile acids are a peculiar class of steroids with multiple physiological functions.[1] Apart from the well-

known role in facilitating the absorption of fats and fat-soluble vitamins, bile acids are now widely 

recognized as crucial hormones that regulate the glucose, lipid, and energy metabolism through 

complex and intertwined pathways that are mainly mediated by the activation of the nuclear receptor 

Farnesoid X receptor (FXR) and the G protein-coupled receptor TGR5.[2]  

 

Following the success of obeticholic acid (OcalivaTM),[3] in the last years we have been engaged in the 

identification of novel functional hot spots in the bile acid scaffold responsible for compound 

selectivity and efficacy, as well as in the discovery of new chemical entities (NCEs) for therapeutic 

applications. Our results have revealed how apparently minor structural modifications greatly 

influence the physicochemical, pharmacokinetic, and biodistribution profile of the resulting bile acid 

derivatives thereby determining their fate in clinical settings of metabolic and inflammatory 

disorders.[4] 

 

Unquestionably, an important challenge for the discovery and development of new bile acids with 

improved biological activity and properties is to solve synthesis designs that enable to expand the bile 

acid chemical space and ensure the synthetic accessibility of unexplored ‘hidden’ positions of the 

biliary scaffold. In this communication, case studies related with the synthesis and optimization of 

novel, nature-inspired bile acid derivatives as FXR/TGR5 modulators are reported and discussed.  
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Analytical approaches for reliable screening and control of genotoxic 
impurities  

Sandro O. Laiso 

Intertek, Basel, Switzerland 

E-mail sandro.laiso@intertek.com 

A variety of process materials and reactive compounds are involved in the synthesis of 

pharmaceutical products. Consequently, residues of such compounds and related degradation 

products can later be found as drug impurities in API and final formulation.  

Some of those impurities are known to be mutagenic with the potential to cause adverse 

effects on the human body even when only present at trace level concentrations.   

The detection, quantification and evaluation of such impurities is important but can be very 

challenging since matrix effects often discriminate these compounds. In many cases the route 

of synthesis allows to predict potential impurities. However, in other cases unexpected 

genotoxic compounds may be an issue since predictability is limited due to complexity of 

processes and formulations.  

 

In our presentation we highlight the analytical challenges and propose possible solutions: 

 

 • Sources for known and unknown genotoxic impurities 

 • Reasonable analytical control strategy 

 • General Screening - choosing the right techniques  

 • Structure elucidation and quantifications of GI in complex matrices  

 • Validation and routine monitoring  

 • Case studies and examples   
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Pyrrolidines, aziridines and biological activity 

Özdemir Doğan 

Orta Doğu Teknik Üniversitesi, Kimya Bölümü, 06800 Ankara 

dogano@metu.edu.tr 

 

Pyrrolidines and aziridines are two important heterocyclic ring systems found in the structure 
of many biologically active compounds. They are also important as the building blocks of many 
organic molecules. Therefore many groups are involved in developing more efficient methods 
for the synthesis of these compounds and also in finding out biological activities to evaluate as 
potential drug candidates. 1,3-Dipolar cycloaddition reaction of azomethine ylides is one of 
the most efficient method for the pyrrolidine synthesis. The literature has many examples for 
different chiral catalysts developed and used successfully for this important rection. Aziridines 
are also one of the most studied three-membred heterocyclic unit in the field of heterocyclic 
chemistry. There are different ways to form aziridine rings one of which is known as Gabriel-
Cromwell reaction. Our group is also involved in synthesis and evaluation of biological activities 
of both pyrrolidines and aziridines. At this conference, chiral catalysts developed in our group 
for the asymmetric synthesis of pyrrolidines and biological activities of some of the synthesized 
chiral pyrrolidine derivatives will be prsented. In addition, chiral and racemic aziridines 
synthesized in our group and the studies based on their their biological activities will be 
mentioned. 
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Discovery of Multitarget Inhibitors in the Arachidonic Acid Pathway by 
targeting FLAP/5-LO/mPGES-1 for Intervention with Inflammatory 

Deregulation 

Erden Banoglua, Burcu Çalışkana, Tuğçe Gür Maza, Abdurrahman Olgaça, Ulrike Garschab, Oliver Werzb 

aDepartment of Pharmaceutical Chemistry, Faculty of Pharmacy, Gazi University, Ankara, Turkey; 

bPharmaceutical/Medicinal Chemistry, Institute of Pharmacy, Friedrich-Schiller-University Jena, 
Philosophenweg 14, D-07743, Jena, Germany. 

E-mail: banoglu@gazi.edu.tr 

 

The arachidonic acid (AA) cascade plays a central role in the biosynthesis of lipid mediators (LMs) with 
pro-inflammatory but also anti-inflammatory properties. Liberated AA can be converted via two main 
different pathways to bioactive LMs, namely, cyclooxygenases (COXs) that catalyze the initial step in 
the formation of inflammatory prostaglandins (PGs), whereas lipoxygenases (LOs) that produce 
leukotrienes (LTs) as pro-inflammatory mediators. COX inhibitors that block PG formation have been 
widely used to treat pain and inflammation although with frequent and severe side-effects1. Moreover, 
development of compounds that interfere with LT pathway, i.e. 5-LO inhibitors, have been vastly 
studied although the respective candidates failed in clinical trials due to unpredicted side effects or 
lack of efficacy2. Lately, in these pathways, two key proteins, 5-LO-activating protein (FLAP) and 
microsomal prostaglandin E2 synthase-1 (mPGES-1), which are involved in the biosynthesis of 
inflammatory LTs and PGE2, respectively, are considered attractive therapeutic targets to control 
inflammatory deregulation, hence supporting their dual inhibition as an effective therapeutic 
strategy3.  

Our recent studies supported by computer-aided drug discovery efforts have resulted in the 
identification of several novel chemotypes as developable candidates as FLAP and/or mPGES-1 
inhibitors. In this presentation, to gain insight into the SAR of this family of compounds, the synthesis 
and biological evaluation of novel analogues will be presented. The results show the ability of these 
new synthetic derivatives to turn into dual FLAP/mPGES-1 inhibitors with potent in vitro inhibitory 
activities on both proteins with in vivo efficacy (This study was supported by TUBITAK research grants 
108S210/112S596). 
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The Quest for Structurally Novel Lead Compounds Against Breast Cancer  

Atilla Akdemir  

Computer-Aided Drug Discovery Laboratory, Department of Pharmacology, Faculty of Pharmacy, 

Bezmialem Vakif University, 34093 Istanbul, Turkey 

 aakdemir@bezmialem.edu.tr 

Many studies have demonstrated a casual association between prolonged exposure to elevated levels 
of endogenous estrogen and breast cancer. Most likely this hormone induces carcinogenesis both via 
estrogen receptor (ER) activation and various non-receptor (NR) pathways. Estrogen is synthesized 
from androgens by aromatase (CYP19A) and it is converted into reactive metabolites by enzymes such 
as CYP1B1. This constitutes one of the NR pathways of estrogen to induce carcinogenesis. Currently, 
SERMs such as tamoxifen and aromatase inhibitors such as anastrozole are used in the treatment of 
hormone-dependent breast cancer. 
Recent studies by our group and others suggest that melatonin may have an oncostatic action on 
breast cancer cells by mechanisms of actions similar to SERMs and aromatase inhibitors.1,2,3, 4 In this 
project, we constructed a virtual proprietary database of melatonin and indole-based compounds that 
were subsequently docked into the target proteins ER , CYP1B1 and CYP19A as well as in several off-
target proteins. Compounds with expected activity were subsequently synthesized. Ongoing 
bioactivity assays are performed to validate the modelling studies and to identify novel lead 
compounds in the treatment of hormone-dependent breast cancer. 
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Klavuzons: Multitarget Covalent Inhibitors 
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Covalent inhibitors have a strong influence in medicinal chemistry since more than 30% of medicines 
sold in the market are covalent inhibitors. Although their interaction with intercellular targets are 
stronger compared to those of noncovalent inhibitor there are serious concern about the selective 
inhibition of the target by covalent inhibitors. Most of the time screening of the inhibitory effects of 
these molecules toward the potential intracellular targets are disregarded. 

Klavuzons are derivatives of 6-(naphthale-1-yl)-5,6-dihydro-2H-pyran-2-one pharmacophore reported 
by our group in 2008. It is believed that similar to goniothalamin, a natural products, 5,6-dihydro-2H-
pyran-2-one is responsible for the biological activity due to its Michael acceptor properties. Up to date 
29 derivatives have been synthesized and their inhibitory properties were evaluated toward 29 
different intracellular targets including Topo I, HDAC1, SIRT1, CRM1, KRasG12C and 24 different 
kinases.1-3 In terms of selectivity we have found that Topo I, SIRT1, CRM1 and KRasG12C are valuable 
targets for klavuzons derivatives. CRM1 is especially special target due to the inhibitory effect of 
klavuzons could be seen at low nanomolar concentrations. On the other hand biological activity results 
imply that the selectivity of the molecules to a target macromolecules can be tuned by changing the 
size and positions of the substituents present over naphthalene-1-yl group. In silico studies revealed 
that both enantiomers can possess some degree of activity depending on the type of the substituents 
presents over naphthalene-1-yl group. Antitproliferative effect of the klavuzons over cancer cells have 
been shown in 2D and 3D cell cultures. Antitumor activity of one klavuzon derivative in patient derived 
xenograft model has also been shown. 

Acknowledgement: This work was supported by the Scientific and Technological Research Council of 

Turkey (110T782, 113Z146, 113S464, 114Z207, 117Z404), IYTE Scientific Research Project (2015IYTE04) 
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Monoclonal Antibodies and Targeted Therapies in Anticancer Drug Discovery 

Mükerrem Betül Yerer Aycan 1,2 

1 Erciyes University Drug Application and Research Center, Kayseri 

2 Erciyes University, Faculty of Pharmacy, Dept. of Pharmacology, Kayseri 

E-mail eczbetul@yahoo.com 

 

Personalized/precision medicine applications has been one of the most important approaches in 

cancer treatmentin recent years. Creating a personalized cancer screening and treatment plan 

involves: 1) Identifying the chances of a person developing cancer and selecting screening strategies 

to lower the risk. 2) Matching people with targeted treatments that may be more effective and cause 

fewer side effects and 3) Predicting the risk of recurrence, which is the return of cancer. Targeted 

therapy works by targeting the cancer’s specific genes, proteins, or the tissue environment that 

contributes to cancer growth and survival. These genes and proteins are found in cancer cells or in 

cells related to cancer growth and micro environment. The U.S. Food and Drug Administration (FDA) 

has approved targeted therapies for many types of cancer and there are several types of them: Drugs 

called “monoclonal antibodies” block a specific target on the outside of cancer cells and/or the target 

might be in the area around the cancer. Drugs called “small-molecule drugs” can block the process that 

helps cancer cells multiply and spread which includes the angiogenesis inhibitors. All these targeted 

molecules in cancer has opened a new era in personalized medicine in cancer and are important for 

the novel drug discovery. 
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Prostate cancer (PCa) is the sixth most leading cause of death and second most commonly diagnosed 
type of cancer among men worldwide. Metastasis is one of the most critical stages of PCa progression, 
which usually results in treatment failure and unfortunately followed by death of patients. Although 
mechanisms of metastasis is quite complicated, accummulating evidences from clinical and 
experimental studies revealed that matrix metalloproteinases (MMPs) are the main endopeptidase 
family responsible for extracelluler matrix (ECM) degradation that is heavily associated with 
metastasis. To date, transcriptional regulation of these genes is well described but contribution of 
epigenetic regulation in MMP expression is less clear. Therefore, it is crucial to understand underlying 
mechanisms controlling MMP expression in order to develop novel molecules and therapeutic 
strategies to prevent excessive degradation of ECM and treat metastatic disease.  
To investigate possible contribution of histone3 lysine 27-trimethylation (H3K27met3) demethylases, 
KDM6A/B, to the epigenetic regulation of MMP expression, a screening approach was taken by 
measuring change in steady state mRNA levels of 13 MMPs using a recently designed small molecule 
inhibitor selective for KDM6 demethylases, GSK-J4 (1), in human prostate cancer lymph node 
metastatic cell line, LNCaP (n=3). To conduct this experiment, LNCaP cells were treated with 30 µM 
GSK-J4 for 18 hours and total RNA was extracted followed by reverse transcription of RNA samples to 
the cDNA. Subsequently, qRT-PCR was performed by using produced cDNA samples. For those MMPs, 
whose transcriptional levels were significantly decreased by GSK-J4, change in pre-spliced mRNA 
levels, which are surrogate markers of transcriptional rate, were measured by qRT-PCR (n=3).  
Amongst the 13 MMPs (MMP-1, -2, -3, -7, -11, -13, -14, -15, -16, -17, 19, -24, -25), steady state mRNA 
levels of 3 of them namely MMP-1, -13 and -17 are significantly up-regulated by GSK-J4, whereas there 
is no significant change at 36B4 mRNA levels that is used as a housekeeping gene. For steady state 
mRNA levels of MMP-7 and -15, there was a trend towards inhibition by GSK-J4 but these did not quite 

reach statistical significance. Strikingly, GSK-J4 treatment significantly down-regulated relative mRNA 
levels of MMP-11, -16 and -19 by 86%, 72% and 60%, respectively. Because inhibition of KDM6 
demethylase activity is associated with decreased gene expression due to elevated H3K27met3 at the 
promoter of that particular gene if it is regulated by KDM6A/B in a direct manner, we focused on MMP-
11, -16 and -19 for further experiment. To investigate whether inhibition of MMP -11, -16 and -19 
expressions by GSK-J4 are due to inhibition of transcription, change in pre-spliced mRNA levels of 
aforementioned genes were measured. GSK-J4 significantly declined pre-spliced MMP-11 and -16 
mRNA levels by 64%, 47% respectively, whereas change in pre-spliced MMP-19 mRNA level did not 
reach statistical significance. Our data strongly suggest that observed effects on MMP-11 and -16 
steady state mRNA levels are at least partly due to changes in transcriptional rate, which needs to be 
further investigated at proximal promoter.   
Pharmacological manipulation of MMP genes by using novel small molecule inhibitors including GSK-
J4, could provide new therapies for metastatic diseases.  
1) Kruidenier et. al. Nature. 2012, 488(7411):404-8.  
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Abstract  

The main aim of drug repurposing generally try to find a new use of drugs or molecules that 
are already approved to treat one certain disease or condition because they are already 
proven to be safe. Many type of existing drugs such as sedatives, antidiabetic, anticonvulsant, 
antihyperlipidemic, antimalarial, antifunfgal, antihelmintic, antiviral, antiparkinson, 
antiglaucoma, antiinflammatory, antihypertansive, narcotic analgesics, antibiotics, sedatives, 
drugs for cardiac diseases, drugs for abortion, antithrombotic and drugs for osteoporosis have 
been used for the treatment of several cancer types. In cancer, due to the heterogeneity of 
the disease, often targets are quite diverse, hence a number of already known drugs that 
interfere with these targets could be deployed or repurposed with appropriate research and 
development. However, the therapeutic potential of a large number of non-cancer drugs is 
limited to repositioning them for cancer tharapy due to various problems including the lack of 
efficacy and intellectual property. 
 
Keywords: Drug repurposing, anticancer, drug development, recent applications 

 

Introduction  

Investigation of novel pharmacological actions of drugs designed for one disorder but 

developing the same drug serve a new therapeutic application for the treatment of a different 

disorder with a different pharmacological activity is described as “Drug Repositioning” or 

“Drug Repurposing” [1].  

Today, many pharmaceutical companies pursue repositioning method to use existing drugs 

for treatment of diseases due to low cost, taking less time and more safe. Serendipity was the 

starting point of drug repurposing that play important role in identification of new uses of old 

drugs in clinic. The fact that many drugs have been prescribed without approval in clinical use 

has played an important role in these inventions. Drug repositioning oppurtinities evolve from 

observations, discussions, and other collaborations, including the purposeful development of 
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platforms for drug identication that identify the potential targets, allow the accessing of 

compounds. Drug repurposing candidates include drugs in clinical development whose 

mechanism of action is relevant to multiple diseases; drugs that have failed to demonstrate 

eficacy for a particular indication during phase II or III trials but have no major safety concerns; 

drugs that have been discontinued for commercial reasons; marketed drugs for which patents 

are close to expiry; and drug candidates from academic institutions and public sector 

laboratories has not yet fully released [2].  

Conventional drug discovery and development process generally takes 10-15 years that 

includes five stages: discovery and preclinical, safety review, clinical research, FDA review, and 

FDA post-market safety monitoring [2]. Drug repurposing process takes 9-10 years and it has 

four stage as; compound identification, compound acquisition, development, and FDA post-

market safety monitoring (Fig. 1).  

 

Fig. 1. Drug repurposing process. 

 

Recent modern anti-cancer drugs show better response in clinical studies but the side-effects and poor 

quality-of-life still obstacle and cause to discontinuation of drugs, dose reduction, and emergence of 

drug resistance [3]. For this reason, repositioned anti-cancer drugs have a potential to be an excellent 

strategy for future anticancer drug development [4]. Development strategies for suitable anti-

cancer compounds are focused on exploiting the already known biological activity and clinical 

suitability of the repurposed molecules. Recent successful clinical introduction of non-cancer 

drugs for cancer treatment, drug repositioning became a powerful choice to discover and 
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develop novel anticancer drug candidates from the existing drug data [5]. Mechanisms of 

actions of these drugs directly impact either cell proliferation or other cell-signaling 

mechanisms, including taking advantage of off-target effects that these drugs were not 

originally used. Heterogeneity in cancers and the underlying cellular mechanisms provide an 

opportunity to identify drugs via repurposing, due to plethora of drug targets that operate in 

cancers [6]. Here, non-cancer drugs to using clinical studies fort he teratment of several cancer types 

will be evaluated. 

 
 
Results and Discussion   

Several drugs such as sedatives, antidiabetic, anticonvulsant, antihyperlipidemic, antimalarial, 

antifunfgal, antihelmintic, antiviral, antiparkinson, antiglaucoma, antiinflammatory, 

antihypertansive, narcotic analgesics, antibiotics, sedatives, drugs for cardiac diseases, drugs 

for abortion, antithrombotic and drugs for osteoporosis have been studied as anti-cancer 

therapeutics [7]. Drug repositioning has been applied in anticancer drug discovery due to the 

combination of great need for new anticancer drugs and the availability of a wide variety of 

cell- and target-based screening assays. With the increasing knowledge about the 

pharmacological properties and identification of new targets, the chemical structure of the 

old drugs emerges as a great treasure for new cancer drug discovery. Increasing knowledge 

about the pharmacological properties of old drugs may have further applications to utilizing 

them as drug or using their scaffold for repurposing as cancer therapeutics. The scaffold 

repurposing may be better tools to develop novel logical properties through the generation 

of novel chemotypes. The previous SARs and the known pharmacokinetics parameters of old 

drugs may provide to obtain more efficient drugs instead of a random chemical classification. 

The scaffold can be optimized by rational design to eliminate the known unwanted properties 

for increasing the success rate of further development [8]. Three main approaches based on 

computational, biological experimental and mixed are generally used for drug repurposing 

studies. Several strategies involved the drug repurposing studies that include various in silico 

methods, genomic, high-throughput screening technologies and literature mining. These 
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screening methods also provide opportunities for the exploitation of the open- source model.  

DrugBank, the Potential Drug Target Database, Therapeutic Target Database, and Super Target 

represents the open sources that provide targets and drugs, including protein and active-site 

structures, association with related diseases, biological functions, and associated signaling 

pathways. Compound specic databases provide PubChem, ChEMBL, and ChemSpider, the US 

FDA’s electronic Orange Book’s Discontinued Drug Products list, and ID (Investigational Drug) 

Map, with the capacity to reposition marketed drugs to novel targets, as well as supportive 

information on a compound’s chemistry [9]. Open-source model permits for the sharing of 

data, resources, compounds, clinical molecules, and small libraries, as well as screening 

platforms in the search for new indications for old drugs or failed candidates. As a results of 

successful findings of drug repurposing new data banks have been obtained to the creation of 

in this field. An online Drug Repurposing Hub (www.broadinstitute.org/repurposing) was 

created that contains the detailed annotation for each of the compounds and was designed 

to rapidly identify drugs for evaluation in disease models [10]. By using High-throughput 

technologies, a large number of genetic and genomic data obtained by using next-generation 

sequencing (NGS) and were generated a large volume of genetic and genomic data from 

several national and international cancer genome projects.  These international or national 

cancer genome projects have identified many cancer driven genes. Moreover, the cancer 

genomics data are pinoeer for the revolution of a novel oncology drug discovery from 

candidate target or gene studies toward targeting clinically relevant driver alterations or 

molecular features for the development of precision cancer therapy [11]. 

Consequently, due to the heterogeneity of the cancer, often targets are quite diverse, hence 

a number of already known drugs that interfere with these targets could be deployed or 

repurposed with appropriate research and development. 
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Medicinal plants, which have been around the Earth for more than 400 million years, have been always 
attractive due their bioactive phytochemicals including more than 100,000 known secondary 
metabolites for pharmaceutical industry.  Since long times, plant metabolites (camptothecin, 
tetrahydrocannabinol, Vinca alkaloids, tubocurarine, quinidine, caffeine, colchicine, digoxin, 
morphine, physostigmine, pilocarpine, emetine, reserpine, paclitaxel, etc.) have emerged as modern 
active drugs entered in clinical use. In fact, many of them have been either precursor or models to 
synthetic drug active agents. Consequently, nature has produced magnificently important 
biomolecules to synthetic chemists. Besides, natural products and plant metabolites frequently 
interrelate with the key targets in cells, such as proteins, biomembranes or nucleic acids. Thus, it seems 
quite noteworthy to modulate their 3D structures and their relevant biological/pharmacological 
activities.  
In order to challenge for description and understanding the diversity among plant metabolites, we 
have been conducting effortless studies to investigate bioactivity potential of Turkish medicinal plants. 
In this endeavor, we have screened more than 500 plant species regarding their chemistry as well as 
assorted pharmacological activities. During these attempts, we have discovered many promising 
bioactive molecules calling novel/known ingredients with re-discovered activities.1-7 In this lecture, 
examples of bioactive metabolites as possible drug candidates will be mentioned. 
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Saponins have received considerable attention in drug discovery studies due to their wide range of 

bioactivities. They are classified in two groups, triterpenic and steroidal saponins. There has been 

extensive search on steroidal saponins, as starting material for the production of steroidal hormones 

and important pharmaceutical agents (antiinflamatory, antitumor, antimicrobial, antiviral, 

anticonvulsant, antiallergic). In regard to triterpenoids, drug-discovery programs have mainly focused 

on the major triterpenoid skeletons including oleanane, ursane and lupane. On the other hand, the 

less common miscellaneous triterpenoids such as cycloartanes, lanostanes and hopanes have been 

disregarded for long time. 

The cycloartanes, unique triterpenoids with a characteristic 9,19-cyclopropane ring, occupy a special 

position among low molecular bioregulators since cycloartenol is a key intermediate in the 

biosynthesis of different phytosterols. For this reason, cycloartenol and its weakly polar derivatives are 

widespread in the plant kingdom. The plants of Astragalus genera are the richest source of this class 

of compounds. Cycloastragenol (CA), is the main sapogenol of many cycloartane-type glycosides found 

in the Astragalus genus. Recently CA [20(R),24(S)-epoxy-3β,6α,16β,25-tetrahydroxycycloartane] has 

attracted attention due to its unique bioactivities, telomerase activation and antiaging properties. 

 

Cycloastragenol 

 

Taking into account the results of our comprehensive studies and preliminary screenings in addition to 

recent progress in the literature, we have decided to focus on Astragalus cyloartanes to generate a 

compound library for advance bioactivity studies such as anti-cancer and telomerase activation. 

Consequently, microbial transformation and semi-synthesis studies were carried out on cycloartane-

type sapogenols leading to discovery of new chemical entities with potent bioactivities.  
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In this presentation, Informations about the current status of the cannabidiol and its pharmacological 

properties in the phytocanabinoid family, extracted from the Medical Cannabis plant, which has 

grown significantly every year, and its market size and purification will be presented. 
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Dietary supplements are widely used by the majority of people for different purposes. Many of 
the dietary supplements in Turkish market are licensed by the Ministry of Food and Agriculture. 
Recently, Turkish Medicine and Medical Devices Agency (TITCK) started to licence some of the dietary 
supplements which are reported with a specific medical indication.  

Vitamins, slimming pills/tea, omega oils, minerals and dietary supplements for erectile dysfunction 
are the most popular supplements in all-around of the world together with several cosmetic 
supplements1,2.   

In this report, Measurement results of those products at Bezmialem Vakıf University, Drug 
Application and Research Centre (İLMER) in the year of 2019 are reported.  According to our results 
we have found that several slimming products are adulterated by dihydrocapsaicin and majority of 
vitamin dietary supplements have not declared amount/type of component in it. In addition, many 
dietary supplements for erectile dysfunction and hair serums are definitely adulterated with a related 
drugs of similar without any declaration by the producer.  

Even the control process in any licensing procedure, the further batch and products needs to be 
regularly checked by the authority.  
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Ibrutinib, Imbruvica®, has been approved by the FDA for the treatment of Waldenstrom`s 

macroglobulinemia (WM), Mantle cell lymphoma (MCL) and Chronic lymphocytic leukemia (CLL). The 

major unit of ibrutinib has been synthesized in good yield by conventional synthetic strategies and a 

Suzuki coupling reaction which include a homogeneous catalytic system. In this conference, we will 

discuss in detail the efficiency of catalytic activity and the stability of the graphene supported Ni/Pd as 

a heterogeneous catalyst system in the synthesis of ibrutinib. 
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Abstract  

Using the molecular docking and 4D-Quantative Structure Activity Relationship (4D-QSAR) 
analysis on the series from the steroid derivative, it was aimed to find the interaction points 
in the receptor binding region. In Molecular Comparative Electron Topogical (MCET) method, 
4D-QSAR analyzes were performed by using Klopman index descriptor from different types of 
local rectivite descriptors (LRD). After aligning and overlapping the molecules, a 3D 
Pharmacophore Model (3D-PhaM) was obtained by applying Genetic Algorithm (GA) from 
clusters formed by atoms arranged in 3D coordinate system. In addition, satisfactory results 
were obtained in terms of binding affinity with the active site found by molecular docking and 
the pharmacophore structure was compared by MCET method.  

Keywords: MCET, 4D-QSAR, Molecular docking, Steroidal derivatives 

Introduction  

Computer Aided Drug Design (CADD) has significantly expanded the range of applications 

covering almost all stages of drug discovery [1]. Pharmaceutical research and development is 

comprehensive, expensive, time consuming and risky. It is estimated from the idea that a drug 

on the market will take 12 years and cost an average of more than $ 800 million [2]. A variety 

of new technologies have been developed and applied to the drug to shorten the research 

cycle and reduce costs. CADD is one such evolutionary technology [3]. The concept of CADD, 

which emerged in the early 1960s as a quantitative structure relationship (QSAR) analysis, has 

evolved very rapidly, particularly in the last decade, as an unprecedented development of 

structural biology and computer capability[4]. 

Pharmacophore (Pharmacophore-Pha) is one of the main concepts in rational drug design. 

There are many reviews and articles that are successful in pharmacophore identification. 

Studies in this area have been published under the title Structure-Activity Relationship QSAR. 

In a pioneering study by Hansch, it has been shown that changes in the biological activities of 

molecules are quantitatively associated with measured physical properties in molecules [5]. 
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The aim of this study is to explain approximately the structure responsible for activity in drug 

design, although the mechanism of interaction of molecules with receptors is not known[6-7]. 

The analogy of interaction with Molecular Comparative Electron Topogical (MCET) method is 

shown in 4D-QSAR and molecular docking analyzes. Drug design has been developed to design 

potential drug molecules whose pharmacological activity can be predicted by taking 

advantage of structure-activity relationships and to define the electronic properties of the 

molecular structure [7]. The MCET program [6-12] is written by Yahya GÜZEL, working on the 

principle of 3D/4D-QSAR alignment and matching of atoms in ligands such as CoMFA and 

CoMSIA. The most important feature of our method is that we use the fourth dimension for 

the QSAR method by selecting active conformation between multiple conformers. The 

interaction of the active conformation with the receptor between this conformation results in 

4D-QSAR [6]. It is extremely useful to know the active conformation of the drug receptor 

complex for drug design to be effective. A Pha group of a molecule is defined by a group of 

atomic configurations associated with the active conformation of the binding site at the 

receptor [6]. 

Recently, different Local Reactivite Descriptors (LRD)s have been used as chemical properties 

responsible for ligand-receptor (L-R) interaction to predict a ligand-based model [13]. 

Clustering of atoms depends on LRD types.  In order to more accurately determine the 

structure of the binding site of the 3D receptor, the LRD type should be chosen well. A good 

model cannot be created using an incorrect descriptor. A good LRD selection is required to 

achieve a better 3D Pharmacophore Model (3D-PhaM).The energy resulting from the 

interaction points between L-R varies depending on the type and value of the LRD selected in 

the program interface. Mulliken/Natural/Electrostatic atomic charges, HOMO/LUMO 

coefficients, Fukui index and Klopman index are used as LRD type atoms in MCET interface [6-

12]. 

Alzheimer's disease (AD), a type of dementia; age-related neuronal and synapse losses in some 

parts of the central nervous system; cognitive and cognitive dysfunction is a progressive 

neurodegenerative disease characterized by various behavioral and neuropsychiatric 

problems [14]. Pyrimidine derivatives have received considerable interest in the 
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pharmaceutical industry due to their interesting biological activities [15]. They exhibited a 

wide range of therapeutic activities including antibacterial, antifungal, antiviral and 

cyclooxygenase inhibitors (COX) [16]. It has also been used as inotropic and β-blocking agents. 

In experimental studies, some compounds containing pyrimidine rings fused with steroidal 

structure have been evaluated as anti-Alzheimer agents [17]. In order to elucidate the L-R 

interaction of the compounds in the steroidal set obtained from the literature as an AD 

inhibitor, the best correlation coefficients were determined using the MCET program, 

pharmacophore groups were determined and then binding interactions between molecular 

docking and L-R were found. 

Results and Discussion 

Drawing of the steroidal derivative obtained from literature [17] and quantum chemical (DFT-

B3LYP 6-31G *) calculations were performed in Spartan’10 program. The output of all 

molecules with quantum chemical calculations were prepared as * .txt files. Each conformer 

has a matrix represented by an Electron Topological Matrix. Calculations were made according 

to many descriptors with 4D-QSAR MCET method. According to HOMO Klopman descriptor, 

the best statistical results of these calculations were found to be q2, r2 values as 0.865 and 

0.861, respectively. The best descriptor is found and the experimental and calculated activities 

are determined as shown in Table 1. 

Table 1. Experimental and calculated activities of pyrimidine derivative set. 

Molecule 

Number 

Exp. 

Activity 

Calc. 

Activity 

 Molecule 

Number 

Exp. 

Activity 

Calc. 

Activity 

 Molecule 

Number 

Exp. 

Activity 

Calc. 

Activity 

n01_01 0,807 0,807 n23_01 0,550 0,603 n45_05 0,970 0,937 

n02_01* 0,809 0,738 n24_01 0,754 0,751 n46_02 0,872 0,915 

n03_01 0,814 0,741 n25_01* 0,671 0,691 n47_04 0,948 0,974 

n04_01 0,812 0,748 n26_01 0,542 0,604 n48_06 0,938 0,890 

n05_02 0,737 0,693 n27_01 0,750 0,754 n49_01 0,936 0,882 
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Molecular docking was performed to investigate the stability of the 4D-QSAR model and to 

understand the interaction between the most active molecule (n37) and cyclooxygenase 

enzyme (PDB ID: 4TPK). 

 

Figure 1. a) Interaction between receptor-ligand. b) Interaction diagram of the inserted conformation selected 
for the molecule having the highest activity (n37) in the active site of the enzyme cyclooxygenases. 

Steroidal derivatives discussed were examined by 4D-QSAR and 3D-PhaM structure of 

cyclooxygenase enzyme. In the 4D-QSAR calculations, the 3D-PhaM, which are part of the bio-

n06_03 0,725 0,770 n28_01 0,668 0,717 n50_02 0,978 0,974 

n07_02* 0,723 0,666 n29_01* 0,540 0,592 n51_02 0,975 0,967 

n08_02 0,747 0,693 n30_01 0,613 0,762 n52_04 0,863 0,823 

n09_02* 0,744 0,713 n31_02 0,562 0,714 n53_02 0,947 0,942 

n10_01 0,654 0,632 n32_01 0,658 0,578 n54_01 0,878 0,866 

n11_01 0,664 0,614 n33_06* 0,528 0,506 n55_01 0,881 0,846 

n12_01 0,659 0,633 n34_02 0,520 0,454 n56_02 0,960 0,988 

n13_01* 0,792 0,758 n35_02 0,533 0,615 n57_02* 0,963 0,998 

n14_01 0,803 0,733 n36_02 0,530 0,583 n58_02* 0,858 0,945 

n15_01 0,794 0,766 n37_02 0,516 0,547 n59_01 0,947 0,854 

n16_01 0,677 0,673 n38_01 0,934 0,973 n60_01 0,852 0,868 

n17_01 0,674 0,680 n39_01 0,886 0,887 n61_02* 0,945 0,939 

n18_01 0,717 0,777 n40_01* 0,885 0,950 n62_02 0,827 0,914 

n19_01 0,563 0,593 n41_01 0,892 0,905 n63_03* 0,942 0,857 

n20_01* 0,647 0,600 n42_02 0,893 0,938 n64_01 0,823 0,876 

n21_01 0,761 0,750 n43_01 0,968 0,943 n65_02 0,943 0,954 

n22_02 0,673 0,660 n44_01 0,965 0,904 The test set is indicated by "*". 
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structure, were determined according to molecules n01 and n37. The interaction points of the 

enzyme are shown by 3D ligand-based examination. In addition, structure-based molecular 

docking process was performed using the most active molecule relative to the enzyme. Again, 

the accuracy of 4D-QSAR studies has been demonstrated. Good consistency was found 

between 3D topology structures obtained by molecular docking analysis and 3D-Pham 

structures obtained by MCET method. These findings are of great importance as this series 

has good inhibitory properties in the development of drugs. 

Acknowledgement: This work was financially supported by Erciyes University Scientific Research Projects (BAP) 

of Turkey (Grant no. FDK-2016-6547). 
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Abstract  

A novel serie of hydrazones with sulfonamide moiety was synthesized and tested for their 
ability to inhibit the α-carbonic anhydrase (CA, EC 4.2.1.1) of the pathogenic bacterium Vibrio 
cholerae (VchCA), which is the causative agent of cholera, and also tested against the human 
off-target isoforms hCA I and II. Newly designed compounds showed good inhibitory activity 
against VchCA in low nanomolar range and excellent selectivity over the off-targets hCA I and 
II. Most of the synthesized derivatives have the KI values lower than 100 nM while five of the 
new hydrazones have the KI values lower than 50 nM. 

Keywords: Hydrazone, Carbonic Anyhdrase, Vibrio cholera, VchCA 

Introduction  

Carbonic anhydrases (CAs) are a structurally diverse family of metalloenzymes, which are 

widely distributed in many organisms in all life kingdoms and catalyzes the reversible 

conversion of carbon dioxide to a bicarbonate ion and a proton.1  The CA superfamily is divided 

into eight distinct classes named α-, β-, γ-, δ-, ζ-, η-, θ- and ι-CAs, which play important roles 

in essential processes like pH homeostasis and biosynthetic reactions, as well as in the 

virulence of many bacterial, fungal and protozoan pathogens.2,3 The α-CAs are present in 

mammals, particularly including humans, vertebrates, protozoa, algae, corals, cytoplasm of 

green plants and bacteria, such as Vibrio cholerae the causative agent of cholera. This gram-

negative bacterium colonizes the upper small intestine, where the amount of the sodium 

bicarbonate is in a high concentration, which is a potential inducer of virulence gene 

expression. If there are not enough transporter proteins, bacteria can increase cytosolic 

bicarbonate levels through the action of the α-CAs (VchCAα), so survival and microbial 

virulence of this pathogen seem to be related to the utilization of the CA system. For this 

reason, inhibition of the VchCAα is important for the treatment of this mortal disease.4,5 We 

designed a new series of hydrazones with one of the important and best known zinc-binding 
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group (ZBG) the sulfonamide tail. Synthesized compounds were investigated for the inhibition 

of the α-CAs from the pathogenic bacteria Vibrio cholera (VchCAα) and human carbonic 

anhydrase (hCA) isoforms I and II, which are widely distributed in the human body.6  

Results and Discussion  

Chemistry 

 

Scheme 1. Reagents and conditions: i) NaNO2, HCl, 0°C; ii) KOH, 0°C; iii) 37% HCl, reflux, 4h; iv) H2NNH2.H2O, 
EtOH, reflux, 6h; v) reflux, 6-12 h. R and R1 = H, aliphatic chain or non/substitute aromatic ring.  

New hydrazone derivatives were prepared through starting from the synthesis of 3-phenyl-5-

sulfonamido-1H-indole-2-carbohydrazide, as outlined in Scheme 1. After diazotization of the 

sulfanilamide, condensation of diazonium salt with ethyl 2-benzylacetoacetate led to an 

intermediate, 1. By cyclocondensation of 1 in acidic medium led to an ester compound, 2. The 

treatment of 2 with hydrazin hydrate is resulted with expected hydrazine, 3.7 Further 

treatment of 3 with an appropriate ketone or aldehyde compounds yielded by expected 

hydrazone derivatives 4, showed in the Scheme 1 with in general structure. Compounds were 

characterized with melting points and spectral analyses like IR, 1H-NMR and 13C-NMR 

spectrums. 

 



 

 
 

                                 
 

 

 

Mirage Park Resort, 27 February – 01 March, 2020,  Kemer, ANTALYA 
 

Enzyme Inhibition Assays 

Newly synthesized compounds were tested in enzyme inhibition assays against VchCA and 

against the widespread cytosolic hCA I - II enzymes by a stopped flow technique from 

Khalifah.8 All compounds showed excellent selectivity over hCA I and II with the KI values 

higher than 3000 nm and good inhibitory activity against VchCAα, most of them have the KI 

values lower than 100 nM and especially three of new hydrazones have the KI values lower 

than 30 nM.  

Conclusions 

A total of 30 new hydrazones with sulfonamide moiety were synthesized and tested against 

α-carbonic anhydrase of Vibrio cholerae (VchCA) and against the off-targets hCA I and II. The 

compounds showed potent inhibition in the lower nanomolar range and at least ~ twelve-fold 

selectivity for VchCA over hCA I and II. With this investigation, more potent and selective CAIs 

against VchCA can be developed. 

Acknowledgement: This research was funding by the Istanbul University Scientific Research Projects Department 
under project numbers TSA-2019-30535. 
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Abstract  

Niosomes are vesicular drug and gene delivery systems that are alternative to liposomes.  They 

consist of hydrophilic head and hydrophobic tail groups. In recent years, they are generally 

used in cosmetic formulations. Cosmetic industry has been using a variety of biotechnology-

derived active substances such as peptides, stem cells or nucleic acids in cosmetic 

formulations instead of synthetic compounds. Biotechnology-derived active substances can 

be used in manufacturing of medicinal products and cosmetics. In our study, we aimed to 

develop new niosome formulations as non-cyctotoxic safe candidates for delivery of 

hydrophilic, hydrophobic drugs and nucleic acids. New modified niosomal delivery systems 

composing of nonionic surfactant, cholesterol and various polymers were prepared and 

evaluated for their cytotoxicity on HEK 293T cells. We have used different polymers such as 

cyclodextrin (CD), chitosan (CS) and lineer polyethyleneimine (LPEI) for preparation of 

modified niosomes. Our new nanovesicular delivery systems were found safe and can be used 

in drug and cosmetic industry.   

 

Keywords: niosome, delivery system, nanobiotechnology, HEK 293-T 
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Introduction  

Non-ionic surfactant vesicles (niosomes) are closed bilayer structures formed from self-

assembly of non-ionic surfactants in aqueous media. Niosomes were first used in the 

development of cosmetics [1]. Niosomes are thought to be better candidate’s than liposomes 

due to various factors like cost, ease of preparation and stability for drug and cosmetics 

industry. Cosmetic industry has been using a variety of biotechnology-derived active 

substances such as peptides, stem cells or nucleic acids in cosmetic formulations instead of 

synthetic compounds. Biotechnology-derived active substances can be used in manufacturing 

of medicinal products and cosmetics [2].  

Both hydrophilic, hydrophobic drugs and nucleic acids can be encapsulated by niosomes. Thin 

film hydration is one of the most widely-used methods for the preparation of niosomes.  

Cholesterol and surfactant are two main components of niosomes. The surfactants with alkyl 

chain length from C12- C18 are suitable for preparation of noisome [3, 4]. In our study we 

aimed to develop new niosome formulations as non-cyctotoxic safe candidates for delivery of 

hydrophilic, hydrophobic drugs and nucleic acids. 

 

Results and Discussion   

Span 40 which has C16 alkyl chain length and 6,7 HLB value was used as non ionic surfactant. 

Niosomes were prepared by thin film hydration technique using non ionic surfactant, 

cholesterol and different types of polymers. Lineer  polyethyleneimine (LPEI), low molecular 

weight chitosan (CS) and beta cyclodextrin (CD) were used as polymers in N1, N2 and N3 

niosome formulations, respectively.    

Niosomes were characterized by their morphology, size and polydispersity (pDI). Morphology 

of niosomes were checked by optical microscopy. The hydrodynamic diameter and 

polydispersity (pDI) of niosomes were determined by Dynamic Light Scattering (DLS) using a 

Zetasizer (Malvern Zetasizer ZEN3600). Samples were measured at room temperature in 

triplicate for vesicle size analysis. Cytotoxicity of different niosome formulations were 

determined by MTT [(3–(4, 5-dimethylthiazol-2-yl)-2, 5-diphenyl-tetrazolium bromide blue-

indicator dye]-based assay on HEK 293-T cells which were seeded in 96-well plates at a density 

of 7,000 cells per well. Niosome formulations with plasmid DNA at different ratios were also 

evaluated for their cytotoxicity as potential gene delivery systems. 

Niosomes were prepared in nanosize and vesicle size of niosomes were found similar as seen 

in Table 1. pDI of N2 niosomes prepared by chitosan polymer were found 1 which is 

representing good homogeneity.  

https://tureng.com/tr/turkce-ingilizce/polyethyleneimine
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                                  Table 1. Particle size and pDI values of niosomes 

Sample Vesicle Size (nm) pDI 

N1 185,1 ± 0,63 0,346 

N2 203,4  1 

N3 232,2 ± 0,86 0,61 

 

Niosomes were evaluated by their morphology and vesicular shapes were seen as in Figure 

1A, 1B and 1C. 

 

 

 

Figure 1. 40X magnification optical microscopy images of niosomes A: N1 (LPEI), B: N2 (CS) and C: N3 

(CD). 

In vitro cytotoxicity of delivery systems were investigated on human embryonic kidney (HEK 

293T) cells. The results are shown in Figure 2-4. As seen from the figures our newly developed 

delivery systems are non-cytotoxic. CD and CS polymers are less toxic than LPEI on HEK 293-T 

cells (Figure 2). As seen in Figure 3, niosome: pDNA complexes were found non-cytotoxic.  

A B C 
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Figure 2: Hek 293-T cell proliferation (%) of different polymers  

 

 

Figure 3: Hek 293-T cell proliferation (%) of formulations 

 

All niosomes were found non-cyctotoxic on HEK 293T cells. 1µg, 2µg and 4 µg niosomes were 

checked for evalution of their dose depended cytotoxicity. Niosomes including CD as polymer 

has the best cytotoxicity results than LPEI and CS by increasing the amount of niosomes. Cell 

viability were found %92, 91, 88 for 1µg, 2µg and 4 µg CD niosomes.  
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Figure 4: Hek 293-T cell proliferation (%) of niosomes in various ratios 

 

In recent years, many delivery systems were developed. Unfortunately most of these systems 

have cytotoxicity. In our study, new modified niosomal delivery systems composing of 

nonionic surfactant, cholesterol and various polymers were prepared and evaluated for their 

cytotoxicity on HEK 293T cells. Our new nanovesicular delivery systems were found safe and 

can be used in drug and cosmetic industry.   
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Abstract  

Objective: Endothelial function plays an important role in the regulation of vascular tone and 
endothelial dysfunction is involved in the pathology of atherosclerosis, hypertension, and 
diabetes. Activation of protease-activated receptor 1 that expressed in platelets, vascular 
endothelial and smooth muscle cells causes platelet aggregation, vasodilation, and 
vasoconstriction, respectively. Vorapaxar is an antiplatelet drug and its effect mechanism is 
orthosteric inhibition of the  protease-activated receptor 1.  This study aims to evaluate the 
effects of vorapaxar on human left internal mammary artery function in vitro. 

Method: In this study, the left internal mammary artery rings obtained during coronary artery 
bypass surgery were mounted in the isolated organ bath and vascular function was evaluated. 
To determine the effects of vorapaxar on the endothelium-dependent relaxation response, 
endothelial intact rings were incubated with vorapaxar. Afterward effects of L-NAME, 
indomethacin, and charybdotoxin-apamin incubation were evaluated. To investigate the 
effects of vorapaxar on endothelium-independent relaxation response we used sodium 
nitroprusside. Endothelial cells of the tissues that incubated with vorapaxar were imaged 
using a transmission electron microscope. 

Results: Vorapaxar incubation statistically significantly reduced endothelium-dependent 
relaxation response and this reduction was mainly caused by disrupting nitric oxide and 
endothelium-derived hyperpolarizing factor-dependent relaxation mechanisms with 
vorapaxar. Vorapaxar did not any effect on endothelial-independent relaxation responses. In 
the endothelial cells of the rings that incubated with vorapaxar, we observed by the 
transmission electron microscope tight connections are damaged and vacuole formation. 

Conclusion: We were determined by organ bath experiments that the vorapaxar impairs 
endothelium-dependent relaxation response via nitric oxide and endothelium-derived 
hyperpolarizing factor. Additionally, the endothelial damaging effect of vorapaxar was imaged 
with transmission electron microscopy. 
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Introduction  

Protease-activated receptors (PAR) are heptahelix G protein-coupled receptors that mediate 
the cellular effects of proteases are important drug targets and there are 4 types as PAR 1, 2, 
3 and 4 [1]. PAR1 was detected in platelet, endothelium and smooth muscle cells of human 
arteries and veins [2]. Activation of PAR1 causes platelet aggregation in platelets, vasodilation 
in endothelium and vasoconstriction in vascular smooth muscle [3]. PARs are cleaved from the 
specific region of the extracellular N terminal domain by endogenous proteases [4] and the 
emerging new N-terminal domain functions as a tethered ligand. This tethered ligand binds to 
the extracellular part of the receptor through an intramolecular interaction to trigger the 
transmembrane signal [5].  

The first oral PAR1 antagonist is vorapaxar has been approved by the FDA and EMA to reduce 
cardiovascular events (2.08 mg, daily). In patients with myocard infarction or peripheral artery 
disease, vorapaxar is added to standard antiplatelet therapy (aspirin and/or clopidogrel) and 
reduces the rate of cardiovascular events. Vorapaxar is a synthetic tricyclic 3-phenylpyridine 
analog of himbasin, a natural product [6] and modified as crystallized salt for drug 
development and clinical use. Vorapaxar is a non-protein, small molecule, high affinity, orally 
active, potent, competitive PAR1 antagonist (Ki= 2,7 nM) [6]. Vorapaxar selectively 
antagonizes PAR1 without affecting primary homeostatic functions, thereby inhibiting 
thrombin-mediated platelet activation [7].   Vorapaxar competitively inhibits PAR1 activation 
by interfering with the intracellular domain of the tethered ligand [8]. When vorapaxar bound 
to  PAR1, all harmful and cytoprotective downstream pathways inhibit and in a cell culture 
study, vorapaxar incubation has been shown to cause endothelial damage [9]. The endothelial 
layer plays an important role in the regulation of vascular tone through the synthesis and 
release of endothelium-derived constricting and relaxing factors. Endothelial dysfunction is 
thought to be the primary factor in the onset of cardiovascular disease [10].  Therefore, this 
study aimed to investigate the effects of PAR1 inhibition with vorapaxar on human left internal 
mammary artery function in vitro. 

Results and Discussion   

In this study, the left internal mammary artery (LIMA) rings obtained during coronary artery 
bypass surgery were mounted in the isolated organ bath and vascular function was evaluated. 
Student t-test was used for repeated measurements and all groups were compared with the 
control group. Results with p values less than 0.05 were considered statistically significant. 
Tissues with more than 60% relaxation with acetylcholine in phenylephrine contracted LIMA 
rings were evaluated as the endothelium intact control group. 30 minutes vorapaxar 
incubation (10-6 M) statistically significantly reduced endothelium-dependent relaxation 
response (Figure 1a, p=0.027; n=7). Various molecules that inhibit endothelium-dependent 
relaxation mechanisms have been incubated to investigate the mechanisms underlying 
endothelial damage with vorapaxar. It was observed that the nitric oxide synthase (NOS) 
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inhibitor L-NAME did not produce a significant change in the relaxation response obtained 
after vorapaxar incubation (Figure 1b, p = 0.18; n=7). Since the blockage with L-NAME does 
not change the endothelial response of the vorapaxar group, it may be suggested that 
vorapaxar disrupts the activity of the NOS enzyme, leading to endothelial damage via NO. 
Indomethacin was incubated in the baths to investigate the effect of prostacyclins on the 
effect of vorapaxar on reducing the endothelium-dependent relaxation response. The 
indomethacin incubation reduced the relaxation response in a statistically significant (Figure 
1b, p = 0.003; n = 7). According to this result, it can be suggested that vorapaxar incubation 
does not disrupt prostacyclin-mediated endothelium-dependent relaxation response in 
human LIMA rings. Finally, charybdotoxin and apamin were used to evaluate the role of 
endothelium-derived hyperpolarizing factor (EDHF) in the effect of vorapaxar on endothelial 
function, but the difference between relaxation responses was not statistically significant 
(Figure 1b, p=0.487; n=7). Thus, vorapaxar can also be considered to impair the EDHF-
mediated relaxation response.  

 

Figure 1. Effect of vorapaxar incubation on endothelium-dependent relaxation response (a). 
Endothelial-dependent relaxation responses obtained in the presence of various molecules 
that inhibit endothelium-dependent relaxation response and vorapaxar (b). All groups were 
compared with the control group. Results with p values less than 0.05 were considered 
statistically significant. 

To compare endothelial-independent relaxation responses, the relaxation response with 
cumulative sodium nitroprusside was obtained in phenylephrine contracted LIMA rings. After 
vorapaxar incubation, relaxation responses obtained by cumulative sodium nitroprusside was 
not changed (Figure 2; p=0.812; n=7). Thus, it can be suggested that vorapaxar does not have 
any effect on relaxation mechanisms occurring in the smooth muscle cell and it is supported 
that the decrease in relaxation response resulting from vorapaxar incubation is endothelium-
dependent. 
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Figure 2. Endothelial-independent relaxation responses before and after vorapaxar incubation. 
p values less than 0.05 were considered statistically significant. 

When the sections obtained from LIMA rings after vorapaxar incubation were imaged in 
transmission electron microscopy, it was observed that the tight connections related to 
damage in the endothelial cells were disrupted and vacuole formation (Figure 3). 

 

Figure 3. After the vorapaxar incubation, the image obtained by the transmission electron 
microscopy. 

As a result, in this study, we were determined by organ bath experiments that the vorapaxar, 
which is the PAR1 antagonist, impairs endothelial function via NO and EDHF. The endothelial 
damaging effect of vorapaxar was imaged of the endothelial layer with TEM after vorapaxar 
incubation. 

Acknowledgement: We wish to thank Hakan Er and Arife Demirtop for obtained TEM images and Akdeniz 

University Research Foundation for supporting our project (TDK-2018-3270). 
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Abstract  

Using of polymer drug conjugates (PDCs) in cancer therapeutics have gained an importance 
since they show drug loading capacity and enable better efficacy with reduced side effect due 
to sustained release of drug. In this study, hydroxychloroquine (HCQ) and gemcitabine (GEM) 
incorporated copolymer was synthesized by using reversible addition-fragmentation chain 
transfer (RAFT) polymerization. In vitro drug release study was investigated in acidic and 
neutral pH and rat plasma and enzyme and cytotoxicities of free drugs and polymeric construct 
were demonstrated on pancreatic cancer cell lines (BxPC3, Capan-1, Panc-1, Mia-Paca2).  

Keywords: Polymer Drug Conjugate, Hydroxychloroquine, Gemcitabine, Pancreatic Cancer 

 
Introduction  

Cancer is one of the most dangerous diseases defined as out on control cell growth. According 

to World Health Organization (WHO), 14.1 million cancer cases were diagnosed in 2012 and 

cancer led to 8.2 million deaths in 2012.1 The GLOBOCAN estimates that there will be 18.1 

million cancer cases and 9.6 million people will die from cancer in 2018.2 When cancer can be 

detected at early stage, mortality may be decreased by using some cancer therapy methods 

such as surgery, chemotherapy, radiotherapy, immunotherapy etc. Chemotherapy among 

other cancer therapy methods are commonly used to cure cancer. Although chemotherapy is 

successful to some extent, many disadvantages of chemotherapy drug restrict their 

bioavailability and applicability. Because of low molecular weight of chemotherapeutic drugs, 

drugs are rapidly removed from kidneys and therefore, circulation time of drugs in blood 

stream decreases. In addition, chemotherapeutic drugs spread rapidly into all parts of the 
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body. As a results of nonspecific drug distribution and less drug circulation time, less amount 

of drug reach into target tumor site. That’s why, chemotherapy requires high doses of drug 

but using high dose bring about some side effects such as hair loss, cardiotoxicity, immune 

system problems and so on. Because of these limitations of drugs, chemotherapy does not 

show bioavailability and applicability and it does not satisfy curing protocol. 3-5 In order to 

overcome limitations of chemotherapy, polymer therapeutic systems have gained an 

importance in the recent years. Polymer therapeutic systems including macromolecular drugs, 

polymer-drug conjugates, polymeric micelles and nanoparticles, are effective way to develop 

pharmacokinetics and biodistribution of anticancer drugs.6-8 In the polymer therapeutic 

systems, polymeric carriers solubilize anticancer drugs and show bioavailability. In addition, 

polymeric carriers can be biodegradable and biocompatible and so they do not show toxicity 

and they can be eliminated from organism. Another advantage of polymer therapeutic system 

is related to drug release. By means of drug carrier, drug delivery profile can be adjusted to 

create desired therapeutic effect by avoiding from side effects and toxicity.9,10 

Chemotherapeutic drugs conjugated to polymer scaffold using biodegradable covalent linkers 

release over a defined time and dosage into target site. Although cancer drugs spread non-

specifically into the body, polymer therapeutic systems reach directly target site via active 

targeting and EPR effect. In EPR effect, macromolecular drug above 40 kDa of molecular 

weight and nanostructures with sizes larger than 10 nm pass through tumor vessels and they 

accumulate in there, so they show therapeutic effect.11 

In this study, hydroxychloroquine (HCQ) and gemcitabine (GEM) were used as drug. 

Gemcitabine is an anticancer drug which interferes with DNA production. Hydroxychloroquine 

(HCQ) is a malaria drug but there are many clinical trials focused on hydroxychloroquine (HCQ) 

use in cancer treatment. We fabricated and synthesized hydroxychloroquine and gemcitabine 

attached polymer-drug conjugate (PDC) for pancreatic cancer therapy.  

 
Results and Discussion  
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Synthesis of Drug Conjugated Polymer-Drug Conjugate (PDC). Drug conjugated polymer was 

synthesized by attachment of HCQ and GEM to polymer backbone. As a polymerization 

technique, reversible addition-fragmentation chain transfer (RAFT) polymerization was used 

to prepare HCQ-GEM conjugated polymer (P-HCQ/GEM) (Scheme 1). To provide sustained 

drug release, drugs were attached to polymer via pH sensitive linker. To take advantage of 

EPR effect, polymer with high molecular weight was synthesized. 

 

Scheme 1. Fabrication of polymer-drug conjugate (PDC). 

pH dependent release from drug attached polymer conjugate.  

GEM and HCQ release from PEGMA-HCQ/GEM copolymer was evaluated in pH:5.4, pH:7.4, rat 

plasma and enzyme. Copolymer solution was incubated in different pH media, rat plasma and 

enzyme. Drug release ratios were determined using LCMS. In the end of 144h, while GEM 

release reached into 100 % in enzyme 1-2 mixture, HCQ release reached into 98% in pH 5.4 

(Figure 1).  
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Figure 1.  HCQ-GEM release profile from copolymer.  
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Determination of in vitro Cytotoxicity of Drug Conjugate on pancreatic cancer cell lines.  

Effect of cytotoxic HCQ and GEM containing polymer conjugate was investigated on BxPC3, 

Capan-1, Panc-1 and MiaPaca-2 using CCK-8 assay. EC50 results were given in Table 1. 

 

 

Figure 2.  Cytotoxicity graphs of free drugs and polymer drug conjugate.  

 

Table 1. EC50 results of free drugs and polymer drug conjugates on pancreas cancer cell 
lines. 

EC50(µM) 

Compounds BxPC‐3 Capan‐1 Panc‐1 MiaPaCa‐2 

GEM 0.025 0.73 2.62 1.68 

HCQ 2.47 2.58 180500 0.23 

PGEM/HCQ 0.097 5.73 18.4 88.5 
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Abstract   

Polymeric architectures are widely used in polymer therapeutics for both imaging and 
drug delivery applications. Design of these polymer drug conjugates consists of three parts: 
water soluble monomer, linker and the drug or imaging agent. Linkers are chosen according 
to the stimuli which is preferably overexpressed in the tumor environment. In addition to 
polymeric scaffolds, targeting agents can be introduced to these systems. As a targeted drug 
delivery agent, antibody drug conjugates have been used in the market recently for the 
treatment of cancer. Antibody ensures specific targeting of the cargo due to strong affinity to 
their receptors. However, these agents are limited by the number of drug molecules they can 
carry. To overcome this limitation, polymer is conjugated to antibody where the payload is 
carried by this polymer. As a model system, trastuzumab is conjugated to docetaxel bearing 
copolymers. 

Keywords: antibody-drug conjugate, targeted therapy, trastuzumab, docetaxel 

Introduction 

Cancer is a severe disease which affects many people around the world. World Health 

Organization has defined cancer as uncontrolled growth of abnormal cells  which can later 

infect neighboring cells and parts of the body, resulting in spreading to other organs. In 2018, 

this number has been raised to 9.6 million where 18 million new cases have been reported in 

2018 all around the world. Among these rates, breast cancer is placed in second line 

considering the number of new cases (2 million, 11.6%) and in 5th line considering the number 

of deaths (626 thousand, 6.6%) in 2018. Among the causes of breast cancer, the gene called 

Human Epidermal growth factor Receptor 2 (HER2) outstands. Around 20% of breast cancer 

is raised from over expression of HER2 gene and called HER2 positive breast cancer.  

Regular chemotherapy methods require use of agents specially drugs with high toxicity. 

Unfortunately, these drugs also have severe drawbacks such as rapid metabolism and 
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clearance from body, low solubility in the blood, short half-life during blood circulation and 

smaller therapeutic window which can be defined as the gap between maximum tolerated 

dose (MTD) and minimum effective dose (MED) of given drug . All mentioned factors cause a 

decrease in bioavailability of the drugs directly or indirectly. Since chemotherapy agents are 

designed to kill fast growing and dividing cells, along with being lack of targeting; they are 

toxic to not only cancerous cells but also all fast growing cells in the body such as hair follicles, 

sperm and white blood cells (WBC). This is the reason why people experience severe side 

effects such as hair loss, nausea etc.  

In order to address some of these drawbacks, scientists start to develop some 

modifications on these chemotherapy agents. One of the most promising area is polymer 

therapeutics. Polymer drug conjugates (PDC) are introduced by Ruth Duncan [1]. Constructive 

components of the polymer drug conjugates can be classified in three parts: monomer, linker 

and therapeutic agent. Water soluble monomers are usually preferred to increase solubility 

of hydrophobic drugs. Another component of polymer-drug conjugates is linker. Linkers also 

may serve as spacer in order to decrease steric hindrance hence to increase the number of 

conjugations along with delivery of the cargo and/or serve as on command release of the 

therapeutic agent where the trigger can be internal stimuli (enzymes, pH) or external stimuli 

(temperature, light). Internal stimuli responsive linkers can be classified as pH responsive, 

redox responsive and enzyme responsive linkers. Enzyme responsive linkers are choosen 

prefreably be able to degreade in the presense of overexpressed enzymes in the tumor side. 

Last structural component of PDC is chemotherapy agent. Choice of drug is based on targeted 

diseases. In this work, docetaxel is chosen since it is already used for the treatment of breast 

cancer.  

The active targeting concept defined by Ehrlich, was applied to antibody where it plays a 

role as targeting agent in 1950’s. In general, antibodies are able to target the receptors and 

disable the proliferation of cancerous cells but they do not kill the cancer cells. In order to 

eliminate this deficiency, conjugation of killing agent was required. By the work of Mathé in 

1958, antibody-drug conjugates (ADC) enter in the literature as active targeting towards 
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cancer tissue. Structural components of ADC include monoclonal antibodies (mAb), cytotoxic 

payload and linker between the drug and mAb. There are several mAbs and some of them 

were used as a treatment agent by approval of FDA. For example, Herceptin is a drug that is 

basically an antibody named Trastuzumab, used for the treatment of human epidermal 

growth factor receptor 2 (HER2) positive metastatic breast cancer. As for the linkers, an ideal 

linker has to balance the needs between the efficient cleavage after delivery of warhead into 

the targeted cell and enhanced stability in the blood circulation during several days. To this 

end, cleavable, reducible, non-cleavable (or non-reducible) and polar linkers have been 

designed.  As a non-cleavable thioether linker, succinimidyl 4-(N maleimidomethyl) 

cyclohexane-1-carboxylate linked to cytotoxic agent DM1 (SMCC-DM1) as used in the ADC 

called trastuzumab emtansine marketed as Kadcyla®. Although ADCs have several advantages, 

there are some limitations in both synthetic pathway and number of conjugated drugs. Drug 

to antibody ratio (DAR) cannot be raised too much without compromising the binding 

efficiency of that antibody, even if there are available conjugation sites. Adcetris® has the 

highest DAR value being 4 and Kadcyla® has 3.5 where both are FDA approved ADC’s on the 

market. Another reason for not increasing DAR value is the extereme cytotoxicity of the drugs 

that are used. In the case of Kadcyla, Maytansine derivative DM1 agent is also failed to be a 

chemotherapy agent alone in clinical trials due to its high systematic toxicity. Considering this 

much of high toxicity, increased DAR values showed unwanted side effects. As a result, DAR 

around 4 is optimum value for both therapeutic effect and side effect profile [2-4].  

This work focuses on the design and synthesis of antibody polymer drug conjugates in 

order to increase the warhead carried by the antibody, without increasing the number of 

conjugated sites. Increased DAR is needed since docetaxel is not toxic as DM1 so more number 

of drug might be nesecceray to have sufficient therapautic effect. In order to serve the aim, 

docetaxel is conjugated to polymer and this polymer drug conjugate is linked to trastuzumab 

to have active targeting towards HER2 poasitive breast cancer cells. Obtained antibody 

polymer drug conjugate show sustained release profile. 

Results and Discussion  
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Synthesis of Polymer Drug Conjugate 

Water soluble monomer, drug carrying monomer and dye monomer copolymerized via RAFT 

polymerization. Representative scheme is shown below.  

 

Scheme 1: Synthesis of Polymer Drug Conjugate 

 Conjugation of PDC to Trastuzumab 

Conjugation reaction is carried out in aqueous media and obtained conjugates are purified 

succesfully. 

Scheme 2: Representation of antibody-polymer conjugate 

 
Release Profiles 

Docetaxel release profiles obtained in PBS pH=7.4, plasma and in the presence of enzyme. 

Sustained release profiles are obtained. 
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Figure 1: Docetaxel release profiles from polymer and antibody polymer conjugate 
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Abstract  
Quantum dots(QDs) are nanoscale semiconductor crystals.  Since they have unusual optical 
properties such as high brightness, stability, and multiplexing ability, promise many 
biomedical applications. In this review, we focus on the characteristics of biosensors according 
to the physicochemical properties of QDs and review the related research trends in the field. 
Keywords: Quantum dots; biosensor; photoluminescence; biological imaging 

 
Introduction  

A biosensor can refer to as a device designed to measure the existence and amount of a 

specific biological substance by assembling a mechanism that converts the physicochemical 

changes appearing in response to the analytes present in the sample with a receptor that can 

show this as a definable signal. Because of their ability to selectively and fast detect only the 

substances to be analyzed, biosensors are actively used in many biomedical applications such 

as disease monitoring, development of drugs, and detection of biomolecules (i.e., pollutants, 

toxins, and virus) in biological samples such as blood, urine, sweat, food, and environmental 

contents [1,2]. Fluorescent biosensors have perfect sensitivity, relatively cheap and easily 

applicable, but the disadvantages of them are biomaterials and short fluorescence continuity 

[3]. However, scientists have studied new biosensors from nanomaterials such as quantum 

dots (QDs) to solve these issues, recently [4,5,6]. QDs are semiconducting crystals, these 

molecules of from 2 to 10 nm sizes to strengthen the quantum confinements of electrons. The 

fluorescence properties change according to the size of QDs (Fig. 1).  



 

 
 

                                 
 

 

 

Mirage Park Resort, 27 February – 01 March, 2020,  Kemer, ANTALYA 
 

 

Figure 1. Electromagnetic spectrum (left) and size dependent luminescence color of CdSe QDs 

under excitation of a near-ultraviolet lamp (top); and photoluminescence spectra of some of 

these CdSe QDs [7] 

 

QDs have sustained steadily growing interested because of their high potential for diversified 

applications, such as sensors, biological labeling, light emitting devices, lasers, and solar cells 

[8]. Lately, the number of interest has been advanced in the field of electrochemical sensors 

and biosensors.  They have been using electrochemical signal tracers to use the oxidation 

potentials of the metal ions forming them. This situation can be attributed to characteristics 

of them. A large surface area to volume ratio, good interfacial properties with high surface 

reaction activity, high electron transfer yield, and perfect biocompatibility can be given as 

examples [9]. However, a main obstacle for integrating QDs into biomedical applications is the 

QDs related toxicity. But the usage of nontoxic shells along with surface modification of QDs 

not only overcomes the toxicity but also be enhancement the ability of QDs to rapidly detect 

a target biomolecule [10]. 

 

QDs are generally synthesized by using two technics, the first technic is top-down approaches 

including the corruption of big initial structures through external forces, while the second 

technic is bottom-up approach involving the self-assemblage of miniaturized materials 
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components via chemical reactions. Top-down processing comprehensively throws in systems 

like lithography (such as X-ray) and ion implantation. Bottom-up processing includes wet-

chemical and vapor-phase methods. Wet-chemical methods generally include techniques 

such as microemulsion, sol-gel, hot-solution decomposition, etc., while in vapor-phase 

methods, layers are grown in an atom-by-atom process as a result of self-assembly that occurs 

on the substrate without any patterning [10,11]. Doing a silica shell covering, exchanging of 

the hydrophobic surfactant molecules with bifunctional molecules, by coating with a cross-

linked amphiphilic polymer, electrostatic interaction, micelle encapsulation, hydroxylation can 

be given examples of surface modifications of QDs. [12, 13]. Schematic presentation of the 

surface modification was given Fig. 2. 

 

 

Figure 2.  Schematic presentation of the surface modification of QDs [13]. 

 

Results and Discussion   

Energy transfer mechanism of quantum dots are two types. The first is Förster resonance 

energy transfer (FRET) contains an energy transfer among two light-sensitive molecules and 

the energy created by fluorescence excitation of one molecule is transferred to an adjacent 

molecule, as second is Bioluminescence resonance energy transfer (BRET) energy transfer 

occurs among QDs and the luminescence donor. The QD BRET was reported to have high 
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sensitivity for in vivo imaging and detection.  [14,15]. Studies on biosensors working with FRET 

mechanism are quite high. Some examples of biosensor studies with FRET mechanism can be 

given. Borghei et al. (2017) used CdTe QDs to detect breast cancer biomarker microRNA [16]. 

Suzuki et al. (2008) studied individually to detect the actions of protease, deoxyribonuclease, 

DNA polymerase via CdSe/ ZnS QDs [17]. Patolsky et al. reported that telomerization and DNA 

replication can be monitored with CdSe/ZnS QDs. As telomerzation proceeded, the emission 

from Texas-Red-labeled dUTP increased while that from QDs reducemaind via FRET [18]. 

Detection of cardiac marker entigen Troponin I in blood based on FRET among conjugate and 

graphene only in 10 minute was used graphene QDs conjugated with antibody anti cardiac 

Troponin I [19] 

 

Yao et al. (2007) studied the design of a BRET‐ based QD biosensor for detection of the activity 

of matrix metalloproteinases [20]. Another study related to BRET, glutathione coated 

CdSeTe/CdS QDs used for NIR optical detection of apoptotic cells [21].  

 

In this paper aims to summarize the characteristics of biosensors according to the 

physicochemical properties of QDs and review the related research trends in the field. It is 

seen that quantum dots will have more place in the biomedical field in the future. 
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Abstract   

Dexamethasone (dex) is a non-specific anti-immunologic and anti-inflammatory agent, that is 

well-known to reduce the levels of various cytokines and chemokines. The aim of the study 

was to comparatively investigate the effects of pre- and post- treatment with dex on the 

mRNA transcription levels of pro-inflammatory cytokine [Interleukin (IL)-6], chemokine (IL-8) 

and Eotaxin-1 in the lipopolysaccharide (LPS)-induced human airway epithelial cell line (BEAS-

2B cells). 

To induce inflammation in BEAS-2B cells, the cells were incubated with LPS (2 µg/mL) for 6, 12 

and 24 h. To determine the effects of pre- or post- treatment with dex on the mRNA 

transcription levels of IL-6, IL-8 and Eotaxin-1 in the LPS-stimulated BEAS-2B cells, some cells 

stimulated with LPS were pre- or post-treated with dex (1 µM) for 2, 4, 6, 8 and 12 h. The 

mRNA levels of IL-6, IL-8 and Eotaxin-1 in the BEAS-2B cells were determined by quantitative 

real-time PCR (RT-qPCR).  

Our results revealed that LPS alone markedly increased the IL-6, IL-8 and Eotaxin-1 mRNA 

levels in the BEAS-2B cells at 12 h incubation. The mRNA levels of IL-6, IL-8 and Eotaxin-1 were 

significantly inhibited by dex in the cells which were first stimulated with LPS (2 µg/mL) for 12 

h and then treated with dex (1 µM) for specified periods. However, the mRNA levels of IL-6, 

IL-8 and Eotaxin-1 did not reduce in the cells which were pre-treated with dex (1 µM) for 

specified periods and then stimulated with LPS (2 µg/mL) for 12 h. 

In conclusion, our findings demonstrate that dex has no protective effect in the BEAS-2B cells 

pre-treated with dex before the LPS-induced inflammation while dex has a therapeutic effect 

in the BEAS-2B cells treated with dex after the LPS-induced inflammation. 

Keywords: BEAS-2B, Dexamethasone, LPS, Pro-inflammatory cytokine 
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Introduction   

The respiratory epithelium represents the first tissue to confront inhaled pathogens (1). 

Moreover, human bronchial epithelial cells generate various immune effectors including 

cytokines and chemokines in response to inflammatory stimuli and play an important role in 

airway inflammation (1, 2). Lipopolysaccharide (LPS), the important constituent of the Gram-

negative bacteria, is can cause airway diseases and inflammation (3, 4).  

Glucocorticoids are widely used in the treatment of several pulmonary diseases, such as 

bronchial asthma (5). Similarly, corticosteroids such as dexamethasone (dex) may suppress 

airway inflammation by influencing bronchial epithelial cells (2, 5).  

Interleukin (IL)-6, IL-8 and eotaxin-1 are very important for their pro-inflammatory and 

chemotactic activities in the development of airway inflammation (6). Therefore, inhibiting 

the production of IL-6, IL-8 and eotaxin-1 in stimulated airway epithelial cells may be an 

effective strategy and target to prevent the respiratory inflammation. 

In the present study, we aimed to compare the effects of pre- and post- treatment with dex 

on the mRNA transcription levels of IL-6, IL-8 and Eotaxin-1 in the LPS-stimulated human 

airway epithelial cell line (BEAS-2B cells). 

Results and Discussion   

The human airway epithelial cell line (BEAS-2B) was obtained from American Type Culture 

Collection (ATCC®, CRL-9609 TM). Transcription levels of IL-6, IL-8 and Eotaxin-1 genes in BEAS-

2B cells were determined by quantitative real-time PCR (RT-qPCR). Values of genes were first 

normalized against GAPDH, and then compared to experimental control. 

To induce the inflammation in BEAS-2B cells, the cells were incubated with LPS (2 µg/mL) for 

6, 12 and 24 h (Figure 1). Then, the RT-qPCR assay was performed to determine the mRNA 

levels of IL-6, IL-8 and Eotaxin-1.  

RT-qPCR results showed that LPS significantly increased IL-6, IL-8 and Eotaxin-1 mRNA levels 

in BEAS-2B cells at 6, 12 and 24 h incubation periods (Figure 1). The maximum increase was 

observed at 12 h incubation with LPS (2 µg/mL). Thus, the optimum incubation time to induce 

the inflammation with LPS (2 µg/mL) in BEAS-2B cells was determined as 12 hours. 
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Figure 1. Pro-inflammatory IL-6, IL-8 and Eotaxin-1 mRNA levels in BEAS-2B cells after LPS (2 

µg/mL) treatment. BEAS-2B cells were treated with LPS for 6, 12 and 24 h and the mRNA 

expressions of IL-6, IL-8 and Eotaxin-1 in the cells were measured by qRT-PCR. *p<0.05 

compared with control. (n=2). 

To investigate the effects of pre- and post- treatment with dex on the mRNA transcription 

levels of IL-6, IL-8 and Eotaxin-1 in the LPS-stimulated BEAS-2B cells, some cells were pre- or 

post-incubated with dex (1 µM) for 2, 4, 6, 8 and 12 h before or after the LPS-induced 

inflammation (Figure 2). Then, the RT-qPCR assay was performed to determine the mRNA 

levels of IL-6, IL-8 and Eotaxin-1.  

RT-qPCR results showed that the mRNA levels of IL-6, IL-8 and Eotaxin-1 were significantly 

inhibited by dex in the cells which were first stimulated with LPS (2 µg/mL) for 12 h and then 

incubated with dex (1 µM) for 2, 4, 6, 8 and 12 h. The maximum inhibition was observed in the 

cells which were first stimulated with LPS (2 µg/mL) for 12 h and then incubated with dex (1 

µM) for 4 h. However, on the contrary, the mRNA levels of IL-6, IL-8 and Eotaxin-1 did not 

reduce in the cells pre-incubated with dex (1 µM) for 2, 4, 6, 8 and 12 h and then stimulated 

with LPS (2 µg/mL) for 12 h (Figure 2).  
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Figure 2. The effects of Dexamethasone on the IL-6, IL-8 and Eotaxin-1 mRNA levels in LPS-

stimulated BEAS-2B cells. BEAS-2B cells were pre- or post-incubated with dex (1 µM) for 2-12 

h before or after inflammation induced with LPS (2 µg/mL) for 12 h. The mRNA levels of IL-6, 

IL-8 and Eotaxin-1 were determined by qRT-PCR. *p<0.05, compared with control; #p<0.05, 

compared with LPS alone. (n=2). 

Our results revealed that LPS alone increased the pro-inflammatory IL6, IL8 and Eotaxin-1 

mRNA levels in the BEAS-2B cells. LPS-induced IL-6, IL-8 and Eotaxin-1 mRNA expressions were 

suppressed by dex in the cells treated with dex after the LPS-induced inflammation. However, 

LPS-induced IL-6, IL-8 and Eotaxin-1 mRNA expressions could not be reduced by dex in the 

cells pre-treated with dex before the LPS-induced inflammation 

In conclusion, our findings demonstrate that dex has no protective effect in the BEAS-2B cells 

pre-treated with dex before the LPS-induced inflammation while dex has therapeutic effect in 

the BEAS-2B cells treated with dex after the LPS-induced inflammation. To the best of our 

knowledge, this is the first report on comparative investigation of preventive and therapeutic 

effects of dex in LPS-stimulated BEAS-2B cells. 
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Abstract 

Developing of novel potent anticancer lead compounds presents one of the main objectives 
of the study. An addition aim for the present study is that due to increasing drug resistance to 
antimicrobial therapy, design and developing a novel drug candidate with alternate 
mechanism of action as well as anticancer drugs with.  
In the present study, 9 analogous of bisbenzazole synthesized by Philips and PPA methods as 
three groups based on benzimidazole core structure. The structure of the compounds, was 
elucidated by FT-IR, 1H-NMR and 13C-NMR.  Their antiproliferative activity was investigated by 
MTT (3-[4,5-dimethylthiazyl-2-yl]-2,5-diphenyltetrazolium bromide) method and 
antimicrobial activity by modified microdilution method. Whereas bisbenzoxazole compounds 
act as more potent antiprolifrative activity, bisbenzimidazole compounds have better 
antimicrobial activity. 
 
Keywords: Synthesis, bisbenzazole, antiproliferative activity, antimicrobial activity. 

Introduction  

World Health Organization (WHO) indicates that cancer is one of the leading causes of death.1 

In the other hand, antimicrobial resistance threatens the effective prevention and treatment 

of constantly increasing infections caused by microorganisms. According to the report, more 

than 2.8 million antibiotic-resistant infections occur in the U.S. each year, and more than 

35,000 people die as a result.2 

Although, in recent years, there have been substantial improvements in the field of 

chemotherapy, since therapy of cancer and microbial infectious disease is not achieved the 

desired point yet, at the present day developing new cancer drug candidates that are more 

effective, more selective, more potent and have less toxic is necessitated.  
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Benzazole derivatives are prominent in medicinal chemistry because of their use in 

intermediates for the synthesis of new biological materials.  Benzazoles have attracted 

continuing interest because of their varied pharmacological activities.3 

In the present study, we hereby report the synthesis, antimicrobial and anticancer activities 

of a series of head to head bisbenzoxazole derivatives with different linkers between 

benzazole moieties in aim to testing their roles in biological activities, since linkers responsible 

for molecule flexibility which markedly affects positively or negatively both activity and 

selectivity in antiproliferative activity.  

 

Scheme 1. General structure of synthesized bisbenzazole derivatives. 

Results and Discussion 

The procedures for synthesis used in this study are illustrated in Scheme 1.  

Among these compounds, RHE-4, RHE-141 and RHE-142 exhibited the most potent 

antiproliferative activity. 

ln contrast, compounds with long linkers showed the weakest antiproliferative activity against 

all the tested cancer cells. The resulting data is presented in Table 1 and shows that all the 

tested compounds generally had significant activity against cancer cell lines with IC50 values in 

range 0.28-36.187 µM. The most active agent against all cells was RHE-142, with IC50 values in 

range 1.18 -2.37 μM (Table 1). 

Bisbenzothiazole derivative RHE-153 exhibited potent inhibitory effects against all the 

microorganisms studied. Interestingly, bisbenzimidazole derivative RHE-151 exhibited more 

potent inhibitory activity against S. aureus (MIC < 3.90 μg/mL), bisbenzothiazole derivatives 

(RHE-139, RHE-141 and RHE-153) displayed better fungal growth inhibition than 

bisbenzimidazole and bisbenzoxazole derivatives. Especially, RHE-139 displayed potent 

antifungal activity against P. aeruginosa (MIC < 3.90 μg/mL) (Table 2). 

https://www.sciencedirect.com/topics/pharmacology-toxicology-and-pharmaceutical-science/staphylococcus-aureus
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Scheme 2. Synthetic protocol for synthesis of symmetric bisbenzazole (7-15). 

 

Biological experimental procedures 

Cytotoxicity assays: The biological activity as anti-proliferative effects of the synthesized 

compounds of bisbenzazoles, were studied on different cancer cell lines involving A549, A498, 

HeLa, and HepG2 cell line. Besides, the non-toxic concentration of the compound on healthy 

cells was also performed by using Vero. All of these cell lines were obtained from the cell 

culture collections of Mersin University. 

MTT cell viability assay: The cytotoxic activity of the synthetic compounds was performed 

using MTT assay. 

Antimicrobial Activity: Antimicrobial susceptibility testing was performed by the modification 

of literature methods.4 We used the microbial strains Escherichia coli (ATCC 25922), 

Pseudomonas aeruginosa (ATCC 25853), Enterococcus faecalis (ATTC 29212), Staphylococcus 

aureus (ATCC 25923), and Candida parapsilosis (ATTC 22019). 

  

Table 1. Antiproliferative activity of the synthesized bisbenzazole compounds. 
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No 
 

X Compound No 
Vero A549 A498 HeLa HepG2 

IC50 (μM) 

Bisbenzimidazole Derivatives 

1 -CH2- RHE-1 5,03 1,26 1,26 2,52 2,52 

2 -CH2-CH2- RHE-4 0,60 0,60 1,19 0,60 0,60 

3 -CH2-CH2-CH2- RHE-151 36,19 18,10 36,19 36,18 36,19 

Bisbenzoxazole Derivatives 

5 -CH2- RHE-137 9,99 4,99 4,99 4,99 9,99 

6 -CH2-CH2- RHE-142 18,92 2,37 1,18 1,18 1,18 

7 -CH2-CH2-CH2- RHE-152 35,93 35,93 17,97 17,96 35,93 

Bisbenzothiazole Derivatives 

9 -CH2- RHE-139 4,427 1,11 0,56 1,11 1,11 

10 -CH2-CH2- RHE-141 1,05 0,53 0,52 0,56 0,28 

11 -CH2-CH2-CH2- RHE-153 32,21 16,11 16,11 16,10 16,11 

Methotrexate 0.022 0.022 0.022 0.022 0.022 

 
Table 2. Antimicrobil ctivity of the synthesized bisbenzazole compounds. 

 
–: All tested concentrations are active. *   : Not tested. 
 

 

Conclusion 

No X Compound 
No 

E. coli 
 

P. 
 aeruginosa 

 

E. faecalis 
 

S. aureus 
 

C.  
parapsilosis 

1 -CH2- RHE-1 62.5 62.5 62.5 62.5 125 

2 -CH2-CH2- RHE-4 500 >500 500 >500 125 

3 -CH2-CH2-CH2- RHE-151 125 125 125 <3.90 125 

5 -CH2- RHE-137 125 62.5 125 62.5 62.5 
6 -CH2-CH2- RHE-142 125 125 125 500 125 
7 -CH2-CH2-CH2- RHE-152 62.5 62.5 125 31.25 125 
9 -CH2- RHE-139 500 250 250 250 <3.90 

10 -CH2-CH2- RHE-141 125 >500 62.5 15.62 31.25 
11 -CH2-CH2-CH2- RHE-153 31.25 31.25 31.25 15.62 31.25 

Ampicillin 31.25 31.25 - - * 
Fluconazol * * * * 7.8 
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According to the data collected out from this study. The most potent compounds that can act 

as new anti-proliferative agents which hold an ethyl linker (-CH2-CH2-) within the 

bisbenzaoxazole derivatives, RHE-142. According to the present study, since the 

antiproliferative activity of the compounds, the structures could be seen as the promising lead 

compounds for further development of novel benzazoles structures. 

Generally, bisbenzothiazole derivative have more potent antimicrobial activity than 

bisbenzoxazole and bisbenzothiazole derivative. Compounds with long linkers (-CH2-CH2- CH2-

) associated with increased antibacterial activity. While the short linker (-CH2-) between 

bisbenzothiazole rings were enhanced the antifungal activity. 
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Abstract  

Alzheimer is a common disease especially among the elderly. There is no cure for Alzheimer 
disease. The treatments applied are to slow down the progression of the disease and reduce 
the symptoms. In Alzheimer's disease, acetylcholine levels have been decreased in parallel 
with the loss of neurons. So, increasing the level of acetylcholine due to acetylcholine esterase 
inhibition in the treatment of Alzheimer's disease is one of the most commonly used 
treatment approaches. 

In this study, we synthesized five new compounds, 3-(4-methylpiperazine-1-yl)methyl)-6-(3-
substitutedphenyl-2-propen-1-oyl)-2(3H)-benzoxazolones (1-5), and investigated their 
inhibition profiles towards AChE and BChE enzymes. In order to investigate the possible 
interactions of the most effective compound with cholinesterase enzymes, we performed in 
silico molecular modeling studies with autodock program. 

Keywords: Mannich bases, benzoxazolones, molecular modeling, cholinesterase inhibition 

Introduction  

The most common form of dementia in the elderly, Alzheimer's disease, is a progressive brain 

disease in which routine various mental functions practices weaken over time (1). Current 

treatments are limited to temporarily alleviating symptoms (1). İn Alzheimer's disease 

acetylcholine levels have been decreased. So, Inhibition of AChE and BChE in the treatment of 

Alzheimer's disease is one of the most widely used therapeutic approaches to prevent 

reduction in acetylcholine levels (1). Although AChE inhibitors are currently used in the 

treatment of Alzheimer's disease, these drugs have side effects (2). Thus, there is a need for 

novel AChE inhibitor compounds with reduced side effects. 
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Chalcones, 1,3-diaryl-2-propanone, and Mannich bases are important compounds in 

medicinal chemistry because of having a wide range of biological activities including 

acetylcholine esterase (AChE) inhibition (3, 4) . 

In this study, we aimed to synthesize five new compounds, 3-(4-methylpiperazine-1-

yl)methyl)-6-(3-substitutedphenyl-2-propen-1-oyl)-2(3H)-benzoxazolones(1-5), to investigate 

their inhibition profiles towards AChE and BChE enzymes. Furthermore, we hope that this 

study will contribute to the development of structure-activity relationships in enzyme 

inhibition due to determination the binding profiles of AChE and BChE enzymes of the novel 

compounds by molecular docking studies. 

Results and Discussion   

6-(3-substitutedphenyl-2-propen-1-oyl)-2(3H)-benzoxazolones synthesized as described in our 

previous study(3). The five compounds designed were successfully synthesized by Mannich reaction 

(Scheme 1) and their chemical structures were confirmed by 1H NMR and 13C NMR spectra (Table1).  

 

Scheme 1. Synthetic pathway of the compounds. 

R: -H (1) , -CF3 (2), -CH3 (3), -OCH3 (4), -OCH2-C6H5 (5) 

 

Table 1. Chemical and spectroscopic data of the compounds 1-5.  

 

1 

1 H-NMR (DMSO-d6) δ (ppm): 8.11(d, 1H, arom. H, J=1.2Hz), 8.07 (dd,1H, arom. H, J1=8.2Hz, J2=1.6Hz), 7.99 (d,1H, 

Ar-CH=, J=15.5Hz), 7.89-7.91(m, 2H, arom. H), 7.74 (d, 1H, =CHCO, J=15.5 Hz), 7.47(d, 1H, arom. H, J=1.2 Hz), 7.45 (d, 

2H, arom. H, J=2.5 Hz), 7.24 (d, 1H, arom. H, J=8.1 Hz), 4.74 (s, 2H, -CH2-), 2.36 (s, 8H, aliph. H), 2.17 (s, 3H, -CH3). 

13C-NMR (DMSO-d6) δ (ppm): 187.7, 155.2, 144.2, 144.0, 141.0, 135.9, 132.5, 132.2, 129.9, 129.3, 126.0, 121.1, 109.9, 

109.8, 54.7, 49.8, 45.8, 21.5. Yield 35%. Mp: 167-169 °C 
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2 1 H-NMR (DMSO-d6) δ (ppm): 8.11-8.05 (m, 5H, arom. H), 7.81-7.76 (m, 3H, arom. H), 7.53 (s,1H, arom. H), 4.74 (s, 

2H, -CH2-), 2.65 (s, 4H, aliph. H), 2.32 (s, 4H, aliph. H), 2.14 (s, 3H, -CH3). 

13C-NMR (DMSO-d6) δ (ppm) 187.8, 155.1, 142.5, 139.3, 136.8, 132.6, 130.7, 130.4, 129.8, 126.1, 126.0, 125.2, 123.2, 

110.4, 110.1, 64.8, 54.9, 50.2, 46.1. Yield 75%. Mp: 203-205 °C 

 

3 

1 H-NMR (DMSO-d6)  δ (ppm) 8.08 (s, 1H, arom. H), 8.05 (d,1H, arom. H, J= 8.1 Hz), 7.93 (d, 1H, Ar-CH=, J= 15.5 Hz), 

7.79 (d, 2H, arom. H,  J= 8.0 Hz),  7.70 (d, 1H, =CHCO, J = 15.5 Hz), 7.27 (d, 2H, arom. H, J = 8.0 Hz), 7.22 (d, 1H, arom. 

H, J = 8.1 Hz), 4.74 (s, 2H, -CH2-), 2.65 (s, 4H, aliph. H), 2.51 (s, 3H, CH3), 2.31 (s, 4H, aliph H), 2.13 (s, 3H, -CH3). 

13C-NMR (DMSO-d6) δ (ppm) 187.8,  155.2,  144.4,  142.5,  136.7,  135.2, 132.8,  131.1,  129.4, 129.3, 126.1,  122.3,  

110.4,  110.1,  64.7,  54.9,  50.1, 46.1, 21,6. Yield 36%. Mp: 200-202 °C.   

 

4 

1 H-NMR (DMSO-d6) δ (ppm) 8.15-8.11 (m, 2H, arom. H), 7.89-7.85 (m, 3H, arom. H), 7.73 (d, 1H, =CHCO, J=15.5Hz), 

7.54 (d, 1H, arom. H, J=8.2 Hz), 7.03 (d, 2H, arom. H, J=8.6 Hz), 4.73 (s, 2H, -CH2-), 3.83 (s, 3H, -OCH3), 2.65 (s, 4H, alif. 

H), 2.31 (s, 4H, alif H), 2.13 (s, 3H, -CH3) 

13C-NMR (DMSO-d6) δ (ppm) 187.6, 161.8, 155.2, 144.4, 142.5, 136.5, 133.0, 131.3, 127.8, 125.9, 119.7, 114.9, 110.4, 

110.0, 64.7, 55.9, 54.9, 50.1, 46.1 Yield 58%. Mp: 163-165 °C. 

 

5 

 1 H-NMR (DMSO-d6)  δ (ppm)  8.07 (s, 1H, arom. H), 8.03 (dd, 1H, arom. H, J1=8.2Hz, J2=1.3Hz), 7.87-7.82 (m, 3H, 

arom. H), 7.69 (d, 1H, arom. H, J=15.4Hz), 7.46-7.30 (m, 4H, arom. H), 7.20 (d, 2H, arom. H, J=8.4 Hz), 7.08 (d, 2H, 

arom. H, J=8.8Hz), 5.19 (s, 2H, CH2O-), 4.74 (s, 2H, -CH2-), 2.50 (t, 8H, aliph. H, J=1.6 Hz ), 2.23 (s, 3H, -CH3). 

13C-NMR (DMSO-d6) δ (ppm) 187.1, 160.4, 154.7, 143.6, 142.0, 136.7, 135.1, 132.6, 132.0, 130.8, 128.4, 127.9, 127.8, 

125.5, 124.60, 119.3, 115.2, 109.8, 69.4, 64.0, 54.0, 49.0, 45.0. Yield 62%. Mp: 188- 190 °C. 

 

Table 2. Inhibitory effects of the compounds 1-5 on AChE and BuChE  enzymes  

Compound 

% Inhibition (100 µg/ml) 

 AChE   BChE  

1 47±3.6 4±3 

2 27±3.5 3±3 

3 30±4.2 6±4 

4 59±2.3 8±2 

5 35±3.7 9±5 
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Donepezil* 95±3.8 96±2.5 

*Donepezil was used as reference drug. 

Cholinesterase (ChE) inhibition activities of the compounds were evaluated by slight modification of 

the cholometric Ellman method. Donepezil hydrochloride was used as the reference compound (5). 

Molecular simulation was performed with the Autodock4 (ver. 4.2.6)  program following the 

procedures in our previous study (6) Autodock4 for docking runs and by Autogrid4 for affinity grid 

maps preparation, was defined in such a way to comprise the center of whole binding site using a grid 

of 60 x 60 x 60 points with a grid space of 0.375 Å, centers of grid box. Docking results of compound 4 

onto the AChE (1EVE) and BChE (1P0I) enzymes were shown in Figure 1.  

 

Figure 1: Molecular docking simulation of compound 4 with AChE and BChE 

 

Discussion 

The compounds 1-5, 3-(4-methylpiperazine-1-yl)methyl)-6-(3-substitutedphenyl-2-propen-1-

oyl)-2(3H)-benzoxazolones, were synthesized and purified successfully for the first time 

according to Scheme 1. The compounds were synthesized by Mannich reaction. Compound 2, 

the trifluoromethyl derivative, was synthesized with the highest yield (% 75) while the non-

substituted derivative compound 1 was synthesized with the lowest yield (% 35) in the series. 

The chemical structures of the compounds 1-5 were characterized by 1H NMR and 13C NMR 

spectra (Table1). 
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Inhibition results of the compounds 1-5 on AChE and BChE are shown in Table 2. Donepezil 

was used as a reference drug. According to Table 2, % inhibition values of the compounds 1-5 

were in the range of 27±3.5–59±2.3 towards AChE while they were in the range of  3±3–9±5 

towards BChE. % Inhibition values of Donepezil were 95±3.8 and 96±2.5 towards AChE and 

BChE, respectively. According to Table 2, 4-OCH3 substituted derivative compound 4 had the 

most effective inhibitory activity with the highest % inhibition values (59±2.3) in the series 

towards AChE. On the other hand, all compounds had significantly lower inhibitory effects on 

BChE than Donepezil. 

In docking studies a hydrogen bond formation was observed between the OCH3 group of 

compound 4 and NH of ASP72 residue in AChE (2.07 Å). On the other side a hydrogen bond 

formed between OCH3 group of compound 4 and OH group of TYR128 residue in BChE (2.06 

Å). The binding free energy of compound 4  to AChE (-5.68 kcal/mol) was found to be higher 

than the binding free energy to BChE (-3.87 kcal/mol).  
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Abstract  

Antibody–drug conjugates (ADCs), human monoclonal antibodies conjugated with cytotoxic 
molecules via a suitable linker, have made a fundamental change in the cancer chemotherapy 
and there are many trials about ADCs in the market and clinic1. The most important feature of 
ADCs is that they provide targeted drug transportation, thus, they can increase therapeutic 
efficacy in targeted cells and decrease the cytotoxicity in non-target cells with selective drug 
release. In this study, a new ADC was designed by conjugating Trastuzumab (Tmab) and poly 
(ethylene glycol) based polymer that contains the cytotoxic drugs. Obtained ADCs were 
purified by using dialysis, Protein A and hydrophobic interaction column chromotograph.  

Keywords: Antibody–Drug Conjugates, Trastuzumab 

 
Introduction  

Cancer is the name of a collection of related diseases2. In normal cells, cells grow and when 

they grow old or are damaged, they die. A cell’s life normally is such this process. However, 

this orderly process is invalid for cancer cells. Cancer cells begin to divide without stopping 

and spread into surrounding tissues in all types of cancer 3. In general, surgery, chemotherapy 

and radiation therapy are used for the cancer treatment. In addition to these, the usage of 

targeted therapy has been becoming widespread.  

Target therapy, is also called as targeted drug delivery, uses cytotoxic drugs for cancer 

treatment and unlike chemotherapy, it works by targeting the cancer’s specific genes, 

proteins, or the tissue environment that contribute to cancer growth and survival4. In 

chemotherapy, drugs spread to normal and cancer cells, whereas drugs are carried to specific 

cancer part via targeted drug delivery. We can collect targeted therapy under two headings 

that are small molecules and monoclonal antibodies. Gefitinib that targets the epidermal 

mailto:aysun.degirmenci@boun.edu.tr
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growth factor receptor (EGFR) tyrosine kinase for non-small cell lung cancer5 and VAL-

083 that is a “first-in-class” DNA-targeting agent with a unique bi-functional DNA cross-linking 

mechanism6 are examples for small molecules . Trastuzumab that targets the Her2 receptor 

expressed in some types of breast cancer and brentuximab targets the cell-membrane 

protein CD30 are examples for monoclonal antibodies.  

Monoclonal antibodies are combined with cytotoxic drugs and designed as targeted drug 

delivery. This new design is called as antibody-drug-conjugates, shortly, ADC. Unfortunately, 

cytotoxic drugs kill cells without making any discrimination between normal and cancer cells 

and monoclonal antibodies target specific cancer part, but most of them block tumor cells 

proliferation in the short term.  Due to these, researchers create antibody-drug-conjugates, 

and, unlike chemotherapy, ADCs are intended to target and kill only the cancer cells and spare 

healthy cells. ADCs can be divided into four components that are monoclonal antibody, 

cytotoxic agent, conjugation part and linker (Schema 1). Monoclonal antibody targets the 

specific cancer part and provides low cytotoxicity to off-targeted cells, low immunogenicity 

and maintains binding, stability and internalization to cytotoxic drugs. The key point of 

choosing antibody is that antibody has highly antigen affinity to antigen that is overexpressed 

on target cells than healthy cells.  Cytotoxic agent kills or damages cells. Conjugation and linker 

part are also crucial for ADCs construction. Linker covalently connects antibody with cytotoxic 

agents by using chemistry in the conjugation part. Cleavable or non-cleavable linkers are 

examples for linker part such as hydrazone, disulfide and enzymatically cleavable linker, and 

lysine coupling and cysteine alkylation are used for the conjugation part7.  

http://www.wikizero.biz/index.php?q=aHR0cHM6Ly9lbi53aWtpcGVkaWEub3JnL3dpa2kvRXBpZGVybWFsX2dyb3d0aF9mYWN0b3JfcmVjZXB0b3I
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http://www.wikizero.biz/index.php?q=aHR0cHM6Ly9lbi53aWtpcGVkaWEub3JnL3cvaW5kZXgucGhwP3RpdGxlPVZBTC0wODMmYWN0aW9uPWVkaXQmcmVkbGluaz0x
http://www.wikizero.biz/index.php?q=aHR0cHM6Ly9lbi53aWtpcGVkaWEub3JnL3dpa2kvVHJhc3R1enVtYWI
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Schema 1. A general structure of ADCs 

Brentuximab vedotin is an example for ADCs and it is approved by the FDA for Hodgkin 

lymphoma cancer. There are four main components in this ADC (Schema 2). Brentuximab 

targets CD30 antigen overexpressed in tumor cells. Thiol-maleimide reaction is used in 

conjugation site. Val-Cit (valine-citrulline) is used as enzymatically cleavable linker and it is 

stable during blood circulation and cleaved by only cathepsin B, so drugs don’t release from 

antibody without cathepsin B, which prevents toxicity to healthy cells.  MMAE is microtubule 

disrupting agent and very toxic. Its drug to antibody ratio (DAR) is four. People can increase 

DAR, but solubility problem of MMA decreases affinity of brentuximab to CD30 antigen. 

Affinity is the key point for ADCs because drug delivery to cancer cells via ADC depends on 

affinity between antibody and antigen.  

 

Schema 2. A general structure of Brentuximab vedotin 

mAb
Conjugation site
lysine coupling, cysteine alkylation,
enzymatic reaction, etc.

Linker
cleavable or
non-cleavable

Cytotoxic agent

Spacer MMAEClevable linkerConjugated site

Brentuximab
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In this study, we designed ADC that consist of trastuzumab as antibody, poly(ethylene glycol) 

based polymer and docetaxel as cytotoxic agent (Schema 3).  

Schema 3. General schema of ADC 

Results and Discussion  

Polymer was synthesized by using Pegmema monomer and reversible addition- 

fragmentation chain transfer (RAFT) polymerization technique. We used trastuzumab (Tmab) 

as antibody because Tmab is the antibody of Her2 antigen that has a function to send to 

signal to cells to grow and divide. Therefore, we chose Tmab because it specifically targets 

HER2 receptor and blocks the signals to grow and divide.   

Firstly, Tmab reacted with Traut reagent to obtain free thiol on Tmab and free traut reagents 

were removed by dialysis. Then, Tmab-polymer conjugation was synthesized, and free 

polymer was removed by dialysis.  Two purification methods were applied in order to remove 

aggregations and free Tmab from conjugated Tmab. They were affinity chromatography and 

hydrophobic interaction chromatography. We used Protein A column that is a type of affinity 

chromatography and has affinity to bind Fc part of Tmab in order to remove aggregations. 

Aggregation can affect the affinity of conjugated Tmab, in other words, it decreases binding 

Trastuzumab Docetaxel Polymer
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of Tmab and Her2 receptor. Due to this, efficacy of conjugated Tmab can reduce. Also, 

hydrophobic interaction chromatography was used to obtain pure conjugated Tmab and get 

rid of free Tmab by changing salt concentration. Firstly, hydrophobic column was washed with 

high salt concentration to bind Tmab and conjugated Tmab to column, and then the decrease 

linearly in salt concentration lead to the elution of firstly free Tmab and secondly conjugated 

Tmab. End of this process, conjugated Tmab can show actual affinity to Her2 receptor. 

However, we have been trying to find best salt concentration to elute conjugated Tmab with 

high resolution because we have a problem about elution. Our conjugated Tmab binds 

hydrophobic column highly and we cannot collect all conjugated Tmab without giving NaOH 

that unfortunately causes aggregation.  In conclusion, we have been researching best salt 

concentration to purify conjugated Tmab. 

Acknowledgement: We would like to thank TUBITAK, Scientific and Technological Research Council of 

Turkey (Project 117Z324) for providing the funding that made this work possible.  
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Abstract 

In this study, the effect of photocatalytic ozonation, ZnO/MMT dosage, SMX initial 
concentration, ozone flow rate, acidic pH (pH: 3) and effects of organic and inorganic cleaners 
were investigated for the separation of an antibiotic drug compound, sulfamethoxazole 
(SMX). The synthesized ZnO nanoparticles were immobilized between the layers of 
montmorillonite to prepare the ZnO/MMT catalyst as photocatalyst. The catalyst was 
characterized by X-ray diffraction (XRD), X-ray fluorescent (XRF), scanning electron microscope 
(SEM), high resolution electron microscope (HR-TEM) and N2 adsorption / desorption. The 
adsorption for photocatalytic ozonation process achieved the highest SMX degradation 
efficiency compared to only ozonation, catalytic ozonation and photolysis. ZnO/MMT was a 
more effective photocatalyst than ZnO and demonstrated its usability as a promising 
photocatalyst for the removal of pharmaceutical contaminants in aqueous solutions. 

Keywords: Photocatalytic ozonation, Hydroxyl radical, ZnO/MMT nanocomposite, Antibiotic 

Introduction 

The demand for new water treatment technologies has increased as a result of increasing 

environmental pollution with many different types. These processes have been preferred 

because advanced oxidation processes for water treatment and recovery are highly capable 

of decomposing persistent toxic organic compounds such as drugs, industrial waste and 

household chemicals [1]. Pharmaceutical compounds cannot be preserved by conventional 

unit operations in water treatment plants and are therefore released into natural water 

environments [2]. Therefore it is necessary to control the amount of antibiotics in the aqueous 

medium and set up treatment plants to remove such compounds. Sulfamethoxazole is an 

important antibiotic used on humans and animals to treat disease such as reducing 
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Mirage Park Resort, 27 February – 01 March, 2020,  Kemer, ANTALYA 
 

inflammation [3]. Due to the antibacterial properties of this compound, it resists biological 

water purification methods and is often found in domestic wastewater treatment plant 

wastewater [4]. Sulfonamides are known as important pollutants that are difficult to 

disintegrate in the aqueous environment, thus causing drug resistance for humans and other 

living things [5]. One of the approaches to reducing the pollution of pharmaceutical waste is 

heterogeneous photocatalytic ozonation. It is an emerging and promising application for 

water treatment and has been applied to the removal of different organic pollutants in water 

and wastewater [6]. Catalytic ozonation has emerged as a powerful technology for removing 

pharmaceuticals in water, even for durable and degradation resistant compounds [7]. ZnO as 

catalyst and montmorillonite as support material has attracted great attention in the last 

decade due to its interchangeable cations, thermal stability, nano-porous structure, swelling 

properties, appropriate surface morphology and large surface area beneficial to 

photocatalytic ozonation activity [8-9]. In the photocatalytic ozonation of sulfamethoxazole, 

the effect of operational parameters such as ozone flow rate, initial sulfamethoxazole 

concentration, ZnO/MMT catalyst concentration, acidic pH (pH=3) of solution, addition of 

inorganic and organic radical scavenger added to sulfamethoxazole removal was investigated. 

 

Results and Discussion   

UV-Vis spectral changes as a function time during the photocatalytic ozonation process of 

sulfamethoxazole, in the presence of 20 mg L-1 SMX at pH 3 under the flow rate of 2 L h-1 ozone 

gas and UV-A irradiation and the results are shown in Figure 1. The intensity of the maximum 

peak at the wavelength of 265 nm decreased depending on the reaction time and almost 

disappeared after the reaction time of 18 minutes. These results show that the photocatalytic 

ozonation method reveals SMX degradation on the ZnO/MMT surface. Complete degradation 

of the SMX was carried out after 30 minutes in optimized experimental conditions [10]. 
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Figure (1). The changes in the absorption spectra of 20 mg L-1 of sulfamethoxazole during different 
treatment time. Experimental conditions: [ZnO/MMT]: 0.1 g L-1, [SMX]0: 20 mg L-1, ozone gas inlet flow 
rate: 2 L h-1 and pH = 3. 
 

When these results are compared with each other, it is evident that the presence of ZnO in 

the composite structure is significant, for example 48.01%. On the other hand, 66.90% Si02 

and 13.80% Al203  amount in MMT was reduced to 36.30% and 10.30% in ZnO/MMT structure, 

respectively. This result clearly shows that ZnO is between the layers of MMT and between 

hybridization with MMT. 

In order to evaluate the degradation efficiency of sulfamethoxazole by different processes, some 

preliminary experimental series were conducted in the investigated systems such as adsorption 

(ZnO/MMT), ozonation (O3), photolysis (UVA), catalytic ozonation (ZnO/MMT-O3),  

photocatalysis (ZnO/MMT-UVA), and photocatalytic ozonation (ZnO/MMT-UVA-O3 and 

ZnO/UVA-O3). The results are given in Figure.2. The values of initial sulfamethoxazole 

concentration, catalyst dosage, gas flow rate and pH were constant as 20 mg L-1, 0.1 g L-1, 2 L 

h-1 and pH=3.0 respectively. As shown in Figure 2, SMX degradation was low (5.90%) by 

direct photolysis under UV-A irradiation (315-400 nm), exhibiting photolysis inefficiency in 

SMX degradation. This process can be explained as that the absorbed photons absorbed by the 

UV light source and / or the value of photon energy released by UV irradiation is insufficient 
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to break the bonds in the SMX [11-13]. SMX removal is only 10.33% in the adsorption process 

and indicates that the contribution of adsorption to the ZnO / MMT surface is not important in 

SMX degradation. Figure 2 shows that the efficiency of SMX degradation by photocatalysis is 

very slow and was performed at 23.17% in 30 minutes [14]. Accordingly, it was found that the 

complete degradation of the organic pollutant needed more reaction time due to the possibly 

recombination of the photo / h+ pairs produced in the presence of oxygen of the produced e-/ 

h+ pairs hydroxyl radicals [12]. The degradation efficiency of the SMX is 68.68 % after 30 min 

of reaction using single ozonation process, which is importantly higher than that of 

photocatalytic oxidation. 

 

Figure (2) Comparison of different processes in the sulfamethoxazole degradation as a function 

of time. Experimental conditions: [ZnO/MMT]:0.1 g L-1, [SMX]0:20 mgL-1 and pH = 3. 

In the ozonation process of ZnO / MMT nanocomposite (76.63% at 30 min), the removal 

efficiency of ZnO was higher than the photocatalytic ozonation process (70.09% at 30 min). 

This is because the surface area of the MMT is large and the hydroxyl radicals break down 

SMX more easily [15]. Removal efficiency of ZnO / MMT nanocomposite (UVA-O3) in 

photocatalytic ozonation process (79.11% at 30 min) was higher than other processes.  
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This is due to the synergistic effect of UV-A and ozonation. In addition, due to the separate 

effects of ZnO and MMT, the photocatalytic ozonation removal efficiency of ZnO / MMT 

was highest [16]. 
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Abstract  

Pyrazine fused pyrazole compounds were synthesized from ethyl 1-(prop-2-yn-1-yl)-1H-
pyrazole-5-carboxylate with excess amines in basic condutions. Three new pyrazolo fused 
pyrazine derivatives were obtained with ethyl, n-buthyl and n-penthylamines. Besides this, 
the other propargylated ester, ethyl 1-(prop-2-yn-1-yl)-1H-pyrazole-3-carboxylate, gave allen- 
amid with ethylamine instead of the cyclic product. Cyclization product and allen-amid 
compound were clarified with the NMR spectrum.   

Keywords: pyrazine, pyrazol, allene 

 
Introduction  

Pyrazine derivatives are well known for their anticancer, antinociceptive, anti-mycobacterial, 

anti-inflammatory activities. Furthermore, pyrazine derivatives have a chromophoric system 

and perform strong fluorescence. In addition, pyrazine derivatives have application in the 

chemical industry and many other fields such as crystallography, nonlinear optical materials, 

metal-organic materials, food additives and medicinal chemistry. On the other hand, pyrazole 

derivatives constitute another important class of heterocyclic compounds regardless of 

scarcity in nature. Over the last decade, pyrazole derivatives have attracted interest of many 

researchers, because of their biological activities such as anticancer, antiglaucoma, 

antimicrobial, antimycobacterial and anti-inflammatory activities. 1 Many pyrazole derivatives 

are known to exhibit a wide range of biological properties and fused-pyrazole derivatives have 

attracted considerable attention in the design and synthesis of potential anticancer agents. 

However, a search of the literature revealed very few reports concerning pyrazolo-

pyrazinones.2 Herein, we would like to report the novel synthesis method for pyrazine fused 

pyrazole derivatives started from 5-methypyrazole and modified with alkyl groups. 
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Results and Discussion  

In the present study, we designed molecules 5a-c from 4a. 4a and 4b was obtained from 

oxidation3, esterification4 and propargylation5 of commercially available 1 (Scheme 1). The 

reason for having two propargyl products is that compound 1 has two resonance forms 

(Scheme 2). 

 
Scheme 1. Synthesis of propargillated compounds (a: KMnO4/H2O, 1000C; b: EtOH/H2SO4, 800C; c: 

DMF, NaH, Prop. Brom., rt.) 
 

 
Scheme 2. Resonance forms of 1  

 
Ring closure reactions were designed after the isolation of 4a. The reaction of 4a with various 

alkyl amines in ethanol with the presence of cesium carbonate was resulted obtaining of 5a-

c6 (Scheme 3). Absence of the resonances of propargyl group protons in 1H-NMR and 

furthermore observation of new signals belong to pyrazine -CH and pyrazine sibstitue –CH3 

proved that 5a-c are formed by ring closure reaction.  
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Scheme 3. Synthesis of pyrazine fused pyrazole compounds 

 
Other propargillated product 4b, was reacted under the same conditions for the prediction of the 

reaction mechanism. It was observed that propargyl unit converted to allen form and ester unit 

removed for forming amid unit, compound 6 (Scheme 4). Conformation of the molecule is not suitable 

for ring closure reaction. 

 
Scheme 4. Synthesis of allen-amid compound 

 
To sum up, we have synthesized three new pyrazine fused pyrazole compounds with the reactions of 

ethyl 1-(prop-2-yn-1-yl)-1H-pyrazole-5-carboxylate (4a) and alkylamines via cyclization reaction in 

basic media. Pyrazole-3-carboxamide was obtained with the reaction between ethyl 1-(prop-2-yn-1-

yl)-1H-pyrazole-3-carboxylate (4b) and ethylamine instead of cyclic product, as expected. 

 

 

Spectral data 

Ethyl 1-(prop-2-yn-1-yl)-1H-pyrazole-5-carboxylate (4a): Yellow viscous liquid. 1H NMR (400 MHz, 
CDCl3) δ 7.51 (d, J = 2.0 Hz, 1H, Pyr-H), 6.85 (d, J = 2.0 Hz, 1H, Pyr-H), 5.36 (d, J = 2.5 Hz, 2H, Prop-CH2), 
4.34 (q, J=7.1 Hz, 2H, OCH2), 2.36 (t, J = 2.5 Hz, 1H, Prop-CH), 1.35 (t, J=7.1 Hz, 3H, CH3). 
 
Ethyl 1-(prop-2-yn-1-yl)-1H-pyrazole-3-carboxylate (4b): Yellow viscous liquid. 1H NMR (400 MHz, 
CDCl3) δ 7.62 (d, J = 2.4 Hz, 1H, Pyr-H), 6.77 (d, J = 2.5 Hz, 1H, Pyr-H), 4.96 (d, J = 2.6 Hz, 2H, Prop-CH2), 
4.32 (q, J = 7.1 Hz, 2H, OCH2), 2.52 (t, J = 2.6 Hz, 1H, Prop-CH), 1.31 (t, J = 7.1 Hz, 3H, CH3).  
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5-ethyl-6-methylpyrazolo[1,5-a]pyrazin-4(5H)-one (5a): White crystal (m.p: 118-120 0C). 1H NMR (400 
MHz, CDCl3) δ 7.73 (d, J = 2.2 Hz, 1H, Pyr-H ), 7.31 (s, 1H, CH), 7.00 (d, J = 2.2 Hz, 1H, Pyr-H), 4.07 (q, J 
= 7.1 Hz, 2H, N-CH2), 2.34 (s, 3H, -CH3), 1.32 (t, J = 7.1 Hz, 3H, -CH2CH3). 
 
5-butyl-6-methylpyrazolo[1,5-a]pyrazin-4(5H)-one (5b): Yellow viscous liquid. 1H NMR (400 MHz, 
CDCl3) δ 7.72 (d, J = 2.2 Hz, 1H, Pyr-H), 7.29 (s, 1H, CH), 6.99 (dd, J = 2.2, 0.7 Hz, 1H, Pyr-H), 3.99-3.95 
(m, 2H, N-CH2), 3.44-3.37 (m, 4H, -CH2CH2), 2.32 (d, J= 1.1 Hz, 3H, -CH3), 0.97 (m, 3H, -CH3). 
 
6-methyl-5-pentylpyrazolo[1,5-a]pyrazin-4(5H)-one (5c): Yellow viscous liquid. 1H NMR (400 MHz, 
CDCl3) δ 7.40 (d, J = 2.1 Hz, 1H, Pyr-H), 7.24 (s, 1H, CH), 6.90 (dd, J = 2.2, 0.7 Hz, 1H, Pyr-H), 3.91-3.87 
(m, 4H, -CH2CH2), 2.94-2.91 (m, 4H, -CH2CH2), 2.26 (d, J = 1.1 Hz, 3H, -CH3), 0.87 (m, 3H, -CH3). 
 
N-ethyl-1-(propa-1,2-dien-1-yl)-1H-pyrazole-3-carboxamide (6): Yellow viscous liquid. 1H NMR (400 
MHz, CDCl3) δ 7.55 (d, J = 2.5 Hz, 1H, Pyr-H), 7.12 (t, J = 6.5 Hz, 1H, Allen-CH), 6.87 (d, J = 2.5 Hz, 1H, 
Pyr-H), 5.65 (d, J = 6.5 Hz, 2H, Allen-CH2), 3.45 (qd, J = 7.3, 5.9 Hz, 4H, N-CH2), 1.22 (t, J = 7.3 Hz, 3H, 
CH2CH3). 
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Abstract  

İn this study, we synthesized 3-iodo-1H-pyrazolo[3,4-d]pyrimidin-4-amine from commercially 
available aminopyrazolopyrimidine 1 using N-iodosuccinimide as the iodinating agent. The 
synthesis of the compound 2 started from nucleophilic substitution of 3-iodo-1H-pyrazolo[3,4-
d]pyrimidin-4-amine with R-X (X: -OMs,-Br, -Cl) which afforded N-alkylated pyrazolo(3,4-
d)pyrimidine. We use a two-step procedure to develop N-Alkylated pyrazolo[3,4-d]pyrimidin 
derivatives. These molecules will tested in vitro growth inhibitory activity against a panel of 
human cancer cell lines. 

Keywords: Pyrazolopyrimidine,  Anti-cancer activity, N- alkylation 

Introduction  

Pyrazolo [3,4-d]pyrimidines bioisosteres of purines. Pyrazolo[3,4-d]pyrmidines are reported 

to have various pharmacological activities, antiviral, anticoccidials, antimicrobial, antitumor, 

herbicidal, antileukemic, CNS agents, tuberculostatic, antileishmanial, anti-inflammatory and 

cardiovascular activities. They are also mainly found to show variable degrees of anticancer 

activities against HCC, cervical carcinoma, colon carcinoma, leukemia, skin carcinoma, and 

breast adenocarcinoma, by inhibiting different types of enzymes such as EGFR-TK, CDK, B-Raf 

kinase, Src and Abl tyrosine kinase, BTK and glycogen synthase kinase-3.1 

For example, ibrutinib, allopurinol and zaleplon are pyrazolopyrimidine structure containing 

drugs compounds. 2 
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Figure 1.  Pyrazolopyrimidine Structure Containing Drugs Compounds 

Ibrutinib is a covalent and irreversible inhibitor of Bruton’s tyrosine kinase (BTK) and has been 

approved for the treatment of haematological malignancies, such as chronic lymphocytic 

leukaemia, mantle cell lymphoma and Waldenström’s macroglobulinemia.3 

Zaleplon, sold under the brand names Sonata among others, is a sedative-hypnotic, used to 

treat insomnia. It is a nonbenzodiazepine hypnotic from the pyrazolopyrimidine class.4 

Allopurinol, sold under the brand name Zyloprim among others, is a medication used to 

decrease high blood uric acid levels. It is specifically used to prevent gout, prevent specific 

types of kidney stones and for the high uric acid levels that can occur with chemotherapy.5 

Pyrazolo[3,4-d]pyrimidines very important because of their biological activity.   For this reason 

many methods for the synthesis of pyrazolo[3,4-d]pyrimidines have been explored. Some 

examples include the condensation of 5-aminopyrazole-4-carbonitrile with amides, carboxylic 

acids, amidines, nitriles, ketones and halohydrocarbon, the cyclization of 5-aminopyrazole-4-

carboxamides with amides, ureas, esters and acyl chloride, and the reaction of aminopyrazoles 

and amides.2 

 

Results and Discussion 
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The structure of pyrazolo[3,4-d]pyrimidines are of interest in drug discovery studies as they 

show high anticancer activity. The mitsunobu reaction and strong base is used for this 

alkylation procedure in the literature. 3,6  

We performed this synthesis with inorganic weak base. To a solution of the corresponding  3-

iodo-1H-pyrazolo[3,4-d]pyrimidines-4-amine (2) in DMF. Subsequently, the corresponding R-

X (X: -OMs,-Br, -Cl) and K2CO3 were added and the reaction mixture was stirred at the 70 oC. 

After cooling, the resulting solution was extracted with EtOAc/H2O. The organic layer was 

washed with brine and dried over Na2SO4 then evaporated to dryness.  The resulting solid was 

precipitated to yield the desired products. We synthesized a novel series of pyrazolo[3,4-

d]pyrimidine N-alkylated 12 compounds. The anticancer activity of these compounds will be 

investigated. 

 

Scheme 1. General synthetic method 
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Abstract  

 İn this study, effect of temperature and pressure of sub-critical water on the chemical 

composition of Ruta chalepensis was investigated. Composition of the extracts were analyzed 

by GC-MS (Gas chromatography-Mass Spectroscopy). The components with a relative 

abundance of 1% or more in each extract were evaluated and the number of these molecules 

ranged from 30-35. The component with the highest relative abundance of extracts at all 

temperature and pressure conditions was determined as isochalepensin, a furanocoumarin 

class compound.  

Keywords: Ruta Chalepensis, Furanocoumarin, Coumarin, Subcritical water extraction 

 
Introduction  

Ruta chalepensis  is a native herb of the mediterranean region but it’s widely diffused 

in many parts of the world in temperate and tropical countries 1,2. R. chalepensis is used in the 

traditional medicine of many countries for the treatment of a variety of diseases3.A 

phytochemical screening of Ruta species characterized the presence of alkaloids, flavonoids, 

coumarins, tannins, volatile oil, glycosides and terpene as possible bioactive compounds 1. 

Indeed, Ruta species are resources of various classes of natural products with biological 

activities: antifungal, antioxidant, phytotoxic, antidepressant, antidote, anti-inflammatory 1-7. 

Ruta species are studied for the production of furanocoumarins 4. Furanocoumarins 

are used in dermatology and for the treatment of other diseases. Ruta chalepensis has 

pharmacological properties attributed to its high content of alkaloids, flavonoids, phenols, 

amino acids, furocoumarins and saponins in the leaves and young twigs3. The identification of 
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the components of R. chalepensis should contribute to the understanding of the activities of 

the herb. 

This is study of subcritical water extraction of Ruta chalepensis, static and dynamic 

extraction processes have been applied in studies carried out under 100,125 and 140 ° C 

temperatures and 60 and 80 atm pressure. 

 
Results and Discussion   

Experimental 

Plant materials 

R. chalepensis, were collected from Kozan, Adana and dried at room temperature. 

Sub-critical water extraction (SbCWE) 

Sub-critical water extraction was performed in a laboratory built apparatuses. The water was 

sonicated to remove dissolved oxygen then was used in an HPLC pump programmed for a 

constant flow of 1 mL min−1. The extractor heated in a temperature programmable oven. A 2 

m long pre-heated coil was used to equilibrate the water to the desired temperature. A 14 mL 

extraction cell equipped with 10 m frit at the inlet and outlet, was connected to a 1 m cooling 

loop out side of the oven. Extraction cell contained sea sand at both ends. SbCWE was carried 

out using 1 g of Ruta chalepensis at temperatures 100, 125 and 140 ◦C, a pressure of 60-80 

atm and 30 min extraction time. 

GC–MS analysis 

Qualification and quantification were carried out by using a Finnigan-Trace GC–MS 

equipped with an auto sampler. One microlitre of sample volume was injected. 

Chromatographic separations were accomplished with a Zebron ZB-5 capillary column 

(5%phenyl–95% dimethylpolysiloxane, 0.25 mm i.d. × 60 m, filmthickness 0.25 m) with 

injections in the split mode with 10 split ratio. Analysis was carried out using helium as the 
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carrier gas, flow rate 1.0 mL/min. GC conditions were: programmed heating from 50 to 180 °C 

at 7 °C/min and subsequent holding at 180 °C for 5 min, after heating from 180 to 280 at 10 

°C/min and subsequent holding at 280 °C for 10 min. The sample size was 2 mL. The injection 

port temperature was 280 ◦C. The ionization voltage applied was 70 eV, mass range m/z 50–

650 a.m.u. The quantitative determination was carried out based on peak area integration. 

Static and dynamic extraction processes were applied in the studies carried out under 

100,125 and 140 °C temperatures and 60 and 80 atm pressure. The components with a relative 

abundance of 1% or more in each extract were evaluated and it was found that the number 

of these molecules ranged between  30-35 (Figure 1). 

 

 

Figure 1. The effect of temperature on the relative abundance of furanocoumarin and 

coumarin molecules. 1) GC chromatogram of the extract obtained at 100 °C-60atm 2) GC 

chromatogram of the extract obtained at 140 °C-60atm. A) Isochalepensin, B) Fagarin, C) 

Kokushagine, D) 4 (4'-tolylamino) -3-coumarincarbaldehyde. 

At first, we examined effect of temperature on the extract composition of Ruta 

chalepensis. A comparison of the composition of the extracts is reported in Table 1. While the 

most abundant component of extracts in all temperature and pressure conditions was 
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determined as isochalepensin, a furanocoumarin class compound, it was observed that the 

amount of isochalepensin and other coumarin and furanocoumarins increased with increasing 

the temperature from 100 to 140 ˚C, the relative abundance of isochalepensin increased from 

10.18 to 11.45. Besides, it was extracted in various long chain hydrocarbons and it was found 

that the relative amounts of aliphatic hydrocarbon extracted increased with increasing 

pressure at all temperatures (Table 1). 

 Table 1. Changes in relative abundance of various components extracted with SbCWE 

depending on temperature and pressure 

 100˚C-

60atm 

125˚C-

60atm 

140˚C-

60atm 

100˚C-

80atm 

125˚C-

80atm 

140˚C-

80atm 

 % Relative amount 

 

Isochalepensin  10.18 6.76 11.45 6.03 12.98 14.41 

Fagarin  3.06 2.70 3.34 2.15 1.81 2.59 

Kokushagine 3.78 3.21 4.25 2.74 2.38 4.47 

4(4'-tolylamino)-3-

coumarincarbaldehyde 

5.16 3.93 7.20 4.02 <0.2 8.24 

C27H56 0.15 0.22 0.47 7.65 2.88 0.72 
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Abstract A series of new coumarin-selenophene compounds containing selenophene rings on 
C-3 were synthesized at room temperature, in a short time and with high yields. Hybrid 
compounds containing the coumarin ring are known to exhibit significant biological activities. 
Anticancer activity analyzes of the compounds in the MCF-7 cell line were performed. It can 
be seen from IC50 values that the COUMSEL c compound has a high level of cytotoxic effect.  
At the same time, COUMSEL a compound was the most radical scavenging compound.   

Keywords: coumarin, selenophene, hybrid compounds, antiproliferative activity 

Introduction The hybrid compound, formed by the coupling of two different effects and the 

independent compound with a single covalent bond, has a novel composite structure which 

has a greater pharmacological effect than the sum of each component with the synergies of 

these moieties having independent effects [1]. 

The groups forming the hybrid compound having these novel functions may be large 

structures such as polypeptides, nucleic acids or small organic molecules. In particular, hybrid 

compounds formed by combining coumarin compounds known to exhibit biological activity in 

laboratory-scale organic synthesis with small heterocyclic compounds are common. 

Coumarin compounds are found naturally in the roots, stems, leaves, flowers and fruit parts 

of plants and having a large number of biological activities such as anticoagulant, anticancer, 

anticonvulsant, antioxidant, antiinflammatory and so on [1]. They are isolated from plants and 

further synthesized and synthesized and converted into hybrid compounds with other 

compounds. The most common reactions for coumarin synthesis are Knoevenagel and 

Pechman reactions. There are many studies on coumarin synthesis in the literature. There are 

syntheses using different methods such as ultrasonic bath and microwave as well as studies 

using different solvents and catalysts in this field [2]. 
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The synthesis of selenium-containing compounds has accelerated in the last two decades with 

the adoption of selenium-containing amino acids as amino acids of the 21st century. Although 

the synthesis of selenophene was known in the previous years, the studies carried out by the 

German chemist Gewald in the 1960s come to the forefront. In a study conducted by Gewald 

in 1966, 2-aminothiophene compounds were formed as a result of the condensation reaction 

of aldehydes and ketones with α-cyanoesters. When selenium is used instead of sulfur in this 

reaction, 2-aminoselenophene compounds can be synthesized [3]. 

Coumarin-selenophene hybrid compounds are rare in the literature. The compounds obtained 

in a limited number of studies showed significant biological activity and these studies will lead 

to further studies. Arsenyan et al. In 2019 [4], they synthesized selenopheno [2,3, f] coumarin 

compounds. These new compounds synthesized showed antimetastatic activity against 

melanoma and breast cancer. In another study conducted in 2015 [5], selenopheno [2,3, c] 

coumarin compounds were synthesized. The cytotoxic activity of these compounds was 

investigated in angiogenesis inhibitory activity and antioxidant effect. In 2017, Domracheva et 

al. The anticancer activity of selenophenocoumarin compounds synthesized in this study was 

investigated [6]. As can be seen in these studies, synthesis of different types of coumarin-

selenophene compounds is needed in the literature. The novel hybrid compounds to be 

synthesized may lead to important studies, especially in anticancer studies. 

In the light of all this, different 3-acetylcoumarin compounds were synthesized by 

Knoevenagel reaction and converted to malononitrile derivatives by modified Gewald 

reaction. Subsequently, 8 new 3-substituted coumarin selenophene compounds were 

synthesized by reaction with selenium. Then DPPH antioxidant activity tests and MCF-7 

anticancer activity tests of the synthesized 3-acetylcoumarin-selenophene derivative 

compounds and the results were compared with the starting compounds coumarins. 

Results and Discussion  

Synthesis of COUMSELs 
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In this study, anti-proliferative effects of coumarin compounds with and without selenophene 

rings on C-3 on MCF-7 cell line were examined and the results are given in Table 1. 

Table 1. Anti-proliferative activities of coumarins and their corresponding COUMSEL’s 

coumpunds against MCF-7 cell line 

COUMSELs IC50 value 

(µM) 

cLogP* Coumarins  IC50 value 

(µM) 

cLogP* 

COUMSEL a 11.73±0.41 2.32 1 a 85.45±1.91 1.15 

COUMSEL c 10.83 ±0.53 3.18 1 c 43.91±0.82 2.02 

COUMSEL e 12.21±0.80 2.06 1e 65.74±0.99 0.91 

COUMSEL f 15.18±0.65 4.05 1 f 25.20±0.49 2.89 

Values are the mean±SD. All experimentes were performed three times. 

*cLog P value of the synthesized compounds (calculated from ChemBioDrawUltra 12.0.3) 

 

When the effects of MCF-7 on breast cancer cells are examined, it can be seen from IC50 

values that the coumarins containing selenophene have very good antiproliferative effects 

compared to coumarins, which are the starting compounds. In particular, the compounds IC50 

values of COUMSEL c, COUMSEL a and COUMSEL e found to be better than the IC50 value 

(10.84; 11.74 and 12.21 µM, respectively) of 5-fluorouracil (IC50= 13,5µM), the reference 

substance (Table 1). 
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The free radical scavenging activities of the compounds were also examined by DPPH method. 

The results are given in Table 2. 

Table 2. Antioxidant activities of coumarins and COUMSELs 

COUMSEL’s Inhibition % Coumarins  Inhibition % 

COUMSEL a 91.28 1 a 64.45 

COUMSEL c 82.52 1 c 64.86 

COUMSEL e 85.47 1e 89.14 

COUMSEL f 84.87 1 f 86.39 

 

When looking at the results of antioxidant activity, the compounds containing selenophene 

and the coumarins, which are the starting compounds, also showed very good antioxidant 

activity. In these results, it is seen that the compounds containing selenophene have a slightly 

better effect (Table 2). 

Conclusion 

In conclusion, all synthesized coumarin-selenophene compounds showed a good anti-

proliferative effect. The coumarin compounds known to be biologically active have been 

proven to show better biological activity when they carry a selenophene ring on C-3. In 

particular, the 3 synthesized compounds had better effect on the MCF-7 cell line than the 5-

fluorouracil shown as a reference. These compounds can also be used as reference materials 

in future studies. 

Acknowledgement: The authors are greatly thankful to the Scientific and Technical Research Council of Turkey 
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Abstract  

A series of indolyl chalcone derivatives (3a-h) were synthesized via Claisen-Schmidt 
condensation reaction between some selected indolic aldehyde and acetophenone 
derivatives in presence of piperidine. The chemical structures of the products were confirmed 
by FT-IR, 1H-NMR and 13C-NMR analysis. All compounds were evaluated for their antibacterial 
and antifungal activity against some bacterial strains and fungal strain. The results reveal that 
compound 3b, 3d, 3f, and 3h showed maximum potency against all gram-positive and gram-
negative bacterial strains with a minimum inhibitory concentration (MIC) value in the range 
of 31.25-62.50 μg/mL. The compounds 3e and 3f was found to be the most active against all 
fungal strains with a MIC value of 15.625 μg/mL. 

Keywords: Indole, chalcone, synthesis, antimicrobial activity, MIC 

 
Introduction  

Infectious diseases caused by bacteria, fungi, viruses and parasites are still a major threat to 

people health, in spite of the tremendous progress in medicinal chemistry. A number of 

clinically efficacious antibiotics have been becoming less effective due to the development of 

antimicrobial resistance. The increase in number of multidrug-resistant microbial pathogens 

such as methicillin-resistant staphylococcus aureus (MRSA) and vancomycin intermediate-

resistant Staphylococcus aureus (VISA) has caused therapeutic problem in the treatment of 

infectious diseases. In the same way, fungal infection has gone on increasing rapidly due to 

the increased number of immune compromised patients1. Due to the fact that pathogenic 

bacteria and fungi continuously evolve mechanisms of resistance to currently used antibiotics, 

the discovery and design of novel and potent antibacterial and antifungal scaffolds is vital to 

help in the battle against pathogenic microorganisms and develop effective therapies2. 

Among the important heterocyclic compounds, indole analogues constitute an important 

class of therapeutic agents in medicinal chemistry including diverse pharmacological 

properties such as anticancer, antioxidant, anthelminthic, antibacterial and anti-HIV3-6. Many 
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studies related to indole derivatives having potent antibacterial and antifungal property 

against human pathogens resistant to classic antibiotic have been reported7. 

Chalcones are a class of open chain flavonoids characterized by their dual aromatic rings and 

α,β-unsaturated ketone moiety which confers their potent antimicrobial activity8-10. 

Chalcones represent an essential group of natural as well as synthetic products which exhibit 

many biological properties such as anticancer, antimalarial, anti-inflammatory, anti-

tuberculosis, antioxidant, analgesic, anticonvulsant and antidiabetic11-19. 

The present investigation was undertaken to discover new antimicrobial agents with excellent 

therapeutic index by combining the antimicrobial effect of chalcone moiety with indole 

derivatives. Hence, this research shows that the synthesis of novel indolyl-chalcone 

derivatives and their antimicrobial activity were screening against some gram positive and 

gram negative bacterial species including fungus specie by modified microdilution methods. 

 
Results and Discussion  

Chemistry 

The indolyl-chalcone compounds were prepared from the mentioned synthetic scheme that 

is depicted in Scheme 1. The chemical structure of all our synthesized compounds was 

elucidated by FT-IR, 1H-NMR, and 13C-NMR. 

General procedures for the synthesis of indolyl chalcone derivatives (3a-h):  

To a solution of substituted aryl ketone (1a-b) (1 eq) in MeOH (5 mL), indolic aldehydes (2a-e) 

(1 eq) were added sequentially in the presence of piperidine (300 µL) and stirred at room 

temperature until completion of the reaction. Completion of reaction was monitored by TLC 

analysis. The resulting mixture was poured into crushed ice and the precipitated solid was 

filtered and washed with water. The crude product was crystallized in aqueous ethanol for 

several times. 

 

R1 R2 R3 Product 

H  H  H  3a 
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4-OCH3  H H 3b 

H CH3  H  3c 

4-OCH3 CH3 H 3d 

H H  Ph 3e 

4-OCH3 H Ph 3f 

 

 

R1 R2 Product 

H  H  3g 

4-OCH3  CH3  3h 

Scheme 1. The synthesis of indolyl chalcones 

 

Biology 

Antimicrobial susceptibility testing was performed by the modification of literature 

methods20. We used the microbial strains Pseudomonas aeruginosa (ATCC 43088), Klebsiella 

pneumoniae (ATCC 13888), Enterococcus faecalis (ATTC 27270), Staphylococcus aureus (ATCC 

10654), and Candida albicans (ATCC 4322). A modified microdilution test was applied for 

antimicrobial activity, and the experiments were run in duplicate independently. Fluconazole 

and ampicillin were used as reference drugs. The results were read visually and by measuring 

optical density for 24h.  

The antibacterial and antifungal activities of all indolyl chalcone compounds against four 

bacteria and one fungi are presented in Table 1. These compounds showed well to potent in 

vitro antibacterial activity and moderate antifungal activity. Preliminary structure-activity 

relationships suggested that the compounds had activity depending upon the substitution 

position of indole derivatives. We have demonstrated that methoxy substitution of phenyl 

moiety at the C-2/3 position and the presence of a methyl group on the N-1 position of the 

indole are crucial elements for antimicrobial activity. 

 
Table 1. MICs of compounds and the standard ampicillin and fluconazole against selected bacteria and fungi 

Compound P. aeruginosa  K. pneumoniae  E. faecalis  S. aureus  C. albicans 

3a 62.5 62.5 62.5 125 62.5 

3b 31.25 31.25 31.25 62.5 31.25 
3c 125 125 62.5 125 62.5 

3d 31.25 31.25 31.25 31.25 31.25 
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3e 31.25 62.5 62.5 31.25 15.625 

3f 31.25 62.5 62.5 31.25 15.625 

3g 62.5 31.25 62.5 62.5 62.5 

3h 31.25 31.25 15.625 31.25 62.5 

Ampicillin 31.25 * * * - 

Fluconazole - - - - * 
*  All concentrations are effective.  

Conclusion 

A series of indolyl chalcone derivatives (3a-h) were designed, synthesized and screened for 

their biological activity with the aim of discovering innovative structure leads serving as potent 

antimicrobial agents. Studies suggest that indolyl chalcone acts as a potential antibacterial 

agent. A close look at the structure activity relationship of these compounds clearly indicates 

the influence of substituents on phenyl ring and N-1 position of indole. The compounds 

generated in this study can be useful in designing new potent inhibitors of antimicrobial 

activity, as lead compounds. The results may be instructive to researchers attempting to gain 

more understanding of the antimicrobial activity of indole-chalcone type compounds. 
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Eskış̇ehıṙ, Turkey 

cAnadolu University, Faculty of Pharmacy, Department of Pharmaceutical Technology, Eskış̇ehıṙ, 
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Abstract  

Solid dispersions (SDs) prepared with water-soluble polymers have been successfully used to 
increase the solubility of many poorly water-soluble drugs.  Although Cefdinir (CEF) is used in 
many microbial diseases, its bioavailability is quite low due to its low solubility in water. 
Therefore, CEF is a suitable candidate for the preparation of the SD. In this study, SDs were 
prepared with polyvinyl alcohol (PVA) to increase the solubility and bioavailability of CEF and 
SDs were characterized by analyzes such as solubility and in vitro dissolution studies. 

Keywords: Cefdinir, Probe sonication, Polyvinyl alcohol, Solid dispersion 

Introduction  

In today’s market, many drugs used in treatment suffers from low solubility. In pharmaceutical 

area many ways are used in order to enhance water solubility such as salt formation, reduction 

in particle size, preparing inclusion complexes using host molecules like cyclodextrins. One of 

the popular ways to enhance solubility is to prepare SDs using suitable polymers. SDs help 

improving solubility of insoluble active pharmaceutical ingredients, by enhancing solubility 

their bioavailability increases in significant rates. Consequently, active treatment is achieved 

by lower doses. They are prepared by different methods that are basically based on dispersing 

the active pharmaceutical ingredient within polymeric matrix (1, 2). SDs are prepared using 

biocompatible polymers like PVA, polyvinyl pyrrolidone, cellulose derivates and 

polymethacrylates (2). PVA has excellent properties that make it a strong candidate to use in 

drug delivery systems. PVA is highly stable and chemically inert, which makes it safe and 
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biocompatible. Its adhesiveness, solubility, swelling and film forming properties make PVA an 

often-used polymer in pharmaceutical area (3).  

CEF is an antimicrobial agent often used in treatment of soft tissue infections, otitis media and 

respiratory tract infections. It is a semi-synthetic third generation cephalosporin that is 

classified in Class IV in Biopharmaceutical Classification System, which means both its 

solubility and permeability are low. Its bioavailability is approximately 20-25% with a short 

half-life of 1 to 2 hours (4, 5). A study about SDs of CEF with KollicoatProtect was presented 

by us at 8th BBBB International Conference on Pharmaceutical Sciences (6). 

In this study, SDs of CEF using PVA are prepared by probe sonification and their in vitro 

properties are determined. The aim of the study is to enhance solubility and evaluate the 

prepared SDs’ characteristic properties compared to pure CEF.  

Results and Discussion   

Preparation of solid dispersion: CEF is a kind gift from Sanovel İlaç (İstanbul, Turkey) and both 

PVA and methanol are purchased from Sigma (Germany). All chemicals used were of analytical 

grade. Since it’s not possible to dissolve it in water, CEF was suspended in methanol. While 

mixing with magnetic stirrer, CEF suspension was added to polymer solution and the mixture 

was sonicated using probe sonicator (Sonics®, USA). Following these steps, formulations were 

refrigerated at -80oC and lyophilized (Scanvac CoolSafePro Labogene, Denmark) to obtain a 

fine powder. Physical mixture was prepared by mixing 0.5 g CEF and 0.5 g PVA homogenously. 

Table 1 shows formulation ingredients and conditions.  

Table 1: Formulation ingredients and conditions.  

Code PVA Water CEF Methanol Amp. & Min. 

PM-PVA 0.5 g - 0,5 g - - 

PVA-1 0.5 g 50 ml 0,5 g 50 ml 75 %, 4 min. 

PVA-2 0.5 g 50 ml 0,5 g 50 ml 75 %, 8 min. 

PM: Physical Mixture, Amp: Amplitude %, Min: Minute 
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UV–visible spectrophotometric method: Prior to solubility and in vitro dissolution studies, a 

specific and selective UV spectrophotometric method was validated for CEF. UV method was 

performed on a UV/vis Recording Spectrophotometer UV-160A (Shimadzu) at 287 nm and 

using quartz cell. Following validation of the UV-Visible spectrophotometric method 

developed, linearity was determined to be at a concentration range of 1–17 μg.mL−1 with a 

linearity of y=0.0528x+0.004 (r2=0.9997). The method was decided to be precise due to 

relative standard deviation (RSD) values of <2% for repeatability and intermediate precision. 

Recovery and accuracy of the method was satisfactory owing to <2% RSD value. Based on the 

partial validation results, the easy and inexpensive procedure proposed in this study can be 

routinely used for CEF determination (7). 

Solubility study: To assess the solubility 

properties of the formulations, CEF, PM, PVA-

1 and PVA-2 were weighed to 50 mg and 

added to 10 mL of distilled water, then shaken 

(250 rpm) at room temperature for 24 h at 

room temperature using a horizontal shaker. 

After 24 h, the samples were centrifuged, and 

the supernatants were filtered using a 0.45 

µm syringe filter. The filtrate was diluted with 

an appropriate amount of distilled water for analysis. The solubility of CEF, PM and SDs is 

shown in Figure 1. SDs displayed a higher solubility compared with CEF itself. While the 

solubility of CEF in water was 0.47%0.03, this value was found to be 0.66%0.01, 2.10%0.28 

and 2.55%0.16 for the PM, PVA-1 and PVA-2, respectively. When analyzed both 

mathematically and statistically, the solubility of CEF in water is increased with PVA-1 and 

PVA-2 coded SDs. When PVA-1 and PVA-2 coded SDs were compared among themselves, the 

solubility of CEF was found higher in PVA-2 coded formulation. There was also a significant 

difference between PVA-1 and PVA-2 (p<0.05). The reason for this is thought to be the probe 

sonication time applied. Long sonication times have been reported in previous studies to 

Figure 2. Solubility Results 
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increase solubility of drugs in SDs (8). Enhanced solubility of CEF in SDs using PVA could be 

attributed to the chemical structure of highly water soluble PVA (9).  

In vitro dissolution study: In vitro dissolution 

studies were performed on pure CEF and the 

optimum SD, PVA-2, using dialysis membrane 

method in 3 different mediums; water, pH 1.2 

and simulated intestinal fluid (SIF, pH 6.8). The 

experiment was carried out considering the 

sink condition in 50 mL medium per content, at 

37oC and 100 rpm. Figure 2 shows the in vitro 

dissolution profile of the pure CEF and PVA-2 in 

different media. In the in vitro dissolution study 

in water, when CEF dissolution from the pure 

CEF and PVA-2 coded solid dispersion 

formulation was compared for the first 120 

min, it was observed that the CEF dissolution in 

the SD was always about 10% higher than pure 

CEF for each time interval. The difference was 

observed after 120 min. After 120 min, plateau 

status was observed in pure CEF dissolution 

profile, and CEF dissolution from PVA-2 coded 

SD formulation continued. In the 180th min, 

pure CEF dissolution almost stopped, while CEF 

dissolution from SD continued. Similar results were obtained in the dissolution study at pH 

1.2. As a result, when Figure 2 is examined, it is clear that CEF solubility increases in water and 

pH 1.2 environment with PVA-2 coded SD formulation. In the dissolution study carried out at 

SIF-pH 6.8, CEF dissolution from pure CEF and PVA-2 coded SD did not show much difference. 

The reason for this is explained as follows in the literature. CEF has three ionizable groups with 

Figure 3. In vitro dissolution results 
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following pKa values: −COOH group of cephem moiety (pKa:1.9), −NH2 group of the 

aminothiazole moiety (pKa:3.3), and =N–OH group of the oxime moiety (pKa:9.9). According to 

the Henderson-Hasselbalch equation, the ‒COOH group of the cephem moiety (pKa:1.9) is 

almost completely ionized over about pH 4, likely causing the observed increased aqueous 

solubility of CEF over about pH 4 (5). The physicochemical properties of CEF, including its pKa 

values, seem to contribute to the pH-dependent solubility, as shown in in vitro dissolution 

study (Figure 2). As a conclusion, it can be said that this system we prepared can increase oral 

absorption of CEF and thus increase bioavailability.  

Acknowledgement: The authors would like to thank SANOVEL (Istanbul, Turkey) for providing a gift sample of 

CEF. 
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Abstract  
Twelve bisbenzazole derivatives have been prepared and characterized by spectroscopic 
analysis. The numbers of carbons at 2 positions of bisbenzazole derivatives were changed from 
1 to 3, and also, symmetric benzazole rings were combined by –CH2-NH-CH2 linker. The 
synthesized compounds have been evaluated for their antiproliferative activity against A549 
(lung cancer cell line), A498 (kidney cancer cell line), HeLa (human cervical cancer cell line), 
HepG2 (liver cancer cell line) cells and one healthy cell line by using MTT assay. Generally, the 
bisbenzoxazole derivatives were found to have selective cytotoxic activity on the all cell lines 
among the prepared compounds. The compounds 3f and 3h exhibited most potent against 
the cancer cell lines. Additionally, the active compounds (3f and 3h) structures and activity 
relationship were also further supported by in silico molecular docking studies against DNA 
topoisomerase II. The results were showed in 2-dimensional views to best capture the binding 
poses as well as their interactions in the binding pockets. 
 

Keywords: Benzazole antiproliferative activity, docking, topoisomerase activity 

Introduction  

Cancer is a life-threatening disease that affects people from all parts of the world. According 

to WHO, the number of people affected by cancer will increase from 14 million in 2012 to 22 

million within the next 20 years.1 Cancer cells are defined as uncontrollable cell growth 

without differentiation because of the deregulation of essential enzymes and other proteins 

controlling cell division and proliferation2,3. Clinically, many chemotherapeutic drugs are 

effective; however they cause many side effects while curing the disease4.  Therefore, 

intensive studies are continued to develop more potent, more selective compounds with a 

different mechanism of action. 

DNA topoisomerases are essential enzymes for several cellular processes such as replication, 

transcription and chromosome condensation. There are two types DNA topoisomerases based 

on their functional mechanism.5 Because of their vital role, the investigation of inhibitory 
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activities of topoisomerase enzymes is accepted as an effective approach for the development 

of new anticancer drugs.6,7 Etoposide, teniposide, mitoxantrone, m-AMSA, adriamycin 

(doxorubicin), and daunomycin are some anticancer agents in clinical use which possess 

significant activity as inhibitors of DNA topoisomerase II. 8,9 

Benzazoles are among the most imperative class of molecules having a common heterocyclic 

scaffold found in several therapeutic activities, including anticancer, antimicrobial, 

antiparasitic, antiviral, and antihistamine.10  Some of the well-known drugs in clinical use are 

consist of benzazole rings such as omeprazole, emedastine, candesartan, astemizole, 

bezitramide, domperidone, lansoprazole, flunoxaprofen, and riluzole. On the other hand, 

bisbenzazoles consist of two benzazole nuclei fused together using a variety of linkers. The 

wide spectrum of pharmacological activities displayed by bisbenzazole derivatives makes 

them a highly important moiety in the view of drug development. Various studies have 

revealed that bis derivatives show better antiproliferative activity than the monomeric 

compounds.11,12 The bisbenzoxazole natural product UK-1 is an important example of bis 

structure type molecules and exhibits significant cytotoxic activity against a variety of cancer 

cell lines. It is also reported that UK-1 is a magnesium ion-dependent DNA binding agent and 

an inhibitor of human topoisomerase II.13  

As part of our work in searching for biologically active compounds, we synthesized twelve 

bisbenzazoles in one-step synthetic pathway and elucidate their structures by FT-IR, 1H-NMR 

and 13C-NMR analyses. All compounds were subjected to the MTT assay.14 In order to get more 

insights into the structural basis for the interaction between the most active compounds 

(3f,3h) and topoisomerase II enzyme, the compounds were docked into topoisomerase II 

enzyme and analyzed in more detail. 
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Results and Discussion 

Chemistry 

The bisbenzazole derivatives (3a-l) were synthesized in one-step synthetic pathway with PPA 

method as illustrated in Schemes 1. All compounds (3a-l) were characterized by spectroscopic 

methods. 

 
A 

(1a) 

X 

(2a-d) 
Products 

A 

(1b) 

X 

(2a-d) 
Products 

A 

(1c) 

X 

(2a-d) 
Products 

-NH- -CH2- 3a -O- -CH2- 3e -S- -CH2- 3i 

-NH- -C2H4- 3b -O- -C2H4- 3f -S- -C2H4- 3j 

-NH- -C3H6- 3c -O- -C3H6- 3g -S- -C3H6- 3k 

-NH- -CH2-NH-CH2- 3d -O- -CH2-NH-CH2- 3h -S- -CH2-NH-CH2- 3l 

 
In vitro antiproliferative activity 

The in vitro antiproliferative activity of all synthesized compounds was evaluated for four 

cancer cell lines (A549, A498, HeLa by MTT assay (Table 1)). To assess the specificity of the 

compounds, they were also tested for their toxicity against normal cells using Vero Cell. As 

shown in Table 1, most of the synthesized compounds showed significant antiproliferative 

activity.  

Molecular docking 

In order to predict the interactions of the compounds with topoisomerase II enzyme, we used 

docking procedures. The information of the target protein can be obtained from in 

silico technique or experimental data. Docking calculations were performed using 

Schrödinger 2018-2, with Maestro 11.5 and the Glide module.15-17 We choose the most 

selective compounds, 3h and 3f for this study.  The X-ray crystallographic structure of human 

topoisomerase II enzyme complex with etoposide (PDB: 5GWK) was obtained from Protein 

Data Bank (www.rcsb.org) and prepared for docking process.18. For docking study compound 
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3h, 3f and reference compounds UK-1 and etoposide were prepared by using 

Schrodinger, LigPrep module. The bond angles and bond orders were assigned after ligand 

minimization step. For the minimization OPLS 2005 force field was used. In order to keep the 

ligands in the right protonation state in biological conditions, epik option was used. The active 

site of the topoisomerase II enzyme was defined for generating the grid in Maestro. The grid 

box was limited to the size of 20 Å at the active site (Figure). 

                         

Table 1. In vitro antiproliferative activity of synthesized compounds studied via MTT assay 
Compound 

No 

 
X 

Vero A549 A498 HeLa HepG2 Specifity  

IC50 (μM) A549 A498 HeLa HepG2 

Bisbenzimidazole Compounds 

3a -CH2- 5.03 1.26 1.26 2.52 2.52 4.01 4.01 2.00 2.00 

3b -CH2-CH2- 0.60 0.60 1.19 0.60 0.60 1.00 0.50 1.00 1.00 

3c -CH2-CH2-CH2- 36.19 18.10 36.19 36.18 36.19 2.00 1.00 1.00 1.00 

3d -CH2-NH-CH2 14.10 55.17 56.36 56.35 56.36 0.26 0.25 0.25 0.25 

Bisbenzoxazole Compounds 

3e -CH2- 9.99 4.99 4.99 4.99 9.99 2.00 2.00 2.00 1.00 

3f -CH2-CH2- 18.92 2.37 1.18 1.18 1.18 8.00 16.03 16.03 16.03 

3g -CH2-CH2-CH2- 35.93 35.93 17.97 17.96 35.93 1.00 2.00 2.00 1.00 

3h -CH2-NH-CH2 17.90 1.12 1.12 1.12 1.12 16.03 16.03 16.03 16.03 

Bisbenzothiazole Compounds 

3i -CH2- 4.427 1.11 0.56 1.11 1.11 4.01 8.01 4.01 4.01 

3j -CH2-CH2- 1.05 0.53 0.52 0.56 0.28 2.00 2.00 2.00 4.00 

3k -CH2-CH2-CH2- 32.21 16.11 16.11 16.10 16.11 2.00 2.00 2.00 2.00 

3l -CH2-NH-CH2 32.11 16.10 16.10 16.05 16.10 2.00 2.00 2.00 2.00 

Metoktraksat 0.022 0.022 0.022 0.022 0.022 1.0 1.0 1.0 1.0 

 

 
 

 

A= -NH-, -O-, -S-  

X= -CH2-, -CH2-CH2-, -CH2-CH2-CH2-, -CH2-N-CH2 
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Compound 3h XP 
(Binding Energy: -6.326) interactions: 
H-bond with DT9, pi-pi interaction 
with DC8, pi-cation interaction with 
Mg, salt bridges with DC8 and DT9.                                               

UK-1 
(Binding energy: -8.169) 
interactions: two H-bonds with 
DC8, metal interaction with Mg 

Compound 3f 
(Binding Energy: -5.382) interactions: pi-
pi interactions with DG13 and pi-cation 
interactions with Arg487. 

Figure 1. Docked position of compound 3h, UK-1 and 3f  

Finally, we investigated docking studies for future use in the determination of topoisomerase 

II inhibitor activities and their active compounds. 
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Abstract  

Some tetrasubstituted pyrrole derivatives from corresponding amines, acetylacetone and 
nitrostyrenes were synthesized by using (diacetoxyiodo)benzene (DIB) at reflux temperature 
in ethanol. Their chalcone derivatives were also synthesized via the base-catalyzed Claisen-
Schmidt condensation reaction. All compounds were evaluated for their in vitro 
antiproliferative activity against MCF-7 cancer cell line using MTT assay. Relationships 
between structure and biological activity were determined by comparing their activity results. 

Keywords: Pyrrole derivatives, pyrrole-based chalcones, cytotoxic activity, MCF-7 cell line, 
structure-activity relationship 

 
Introduction  

Cancer is one of the major public health problems throughout the world. Antiproliferative and 

cytotoxic drugs have a major role in various cancer treatments. Regardless of all the 

advancements made in cancer chemotherapy, traditional chemotherapeutic agents not only 

kill normal tissue cells during killing tumor cells, but also induce multidrug resistance, toxicity 

and mutation.1 Therefore; there is still a need to discover novel anticancer agents with potent 

anticancer activity and minimum side effects. 

Pyrroles are found in a many bioactive natural products including heme, vitamin B12, bile 

pigments, and alkaloids etc.2,3  Especially, polysubstituted pyrroles have more importance 

because of their remarkable applications in bioactive molecules.4 Literature survey has 

described many therapeutic applications of pyrrole derivatives such as fungicides, antibiotics, 

anti-inflammatories, anti-tubercular agents and cholesterol reducing drugs.3-5  Also, some 

pyrroles including obatoclax, sunitinib, and ulixertinib are well known as a class of promising 

anticancer agents.6-8  
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Chalcones are naturally occurring compounds which have two aromatic rings linked by a three 

carbon α,β-unsaturated carbonyl system.9 They have vital roles in many biological activities 

including anticancer, antiinflammatory, antibacterial, antituberculosis, antidiabetic, 

antioxidant, antimicrobial, antiviral, antimalarial, and others.10 Among these biological 

applications of chalcones, anticancer activity has gained special attention from researchers. 

More particularly, a number of synthetic and natural chalcones have been reported to exhibit 

potent anticancer activity against many cancer cell lines.11,12   

In view of the importance of pyrroles and chalcones as privileged structures for the design of 

anticancer agents, we not only designed the synthesis of tetrasubstituted pyrroles and 

pyrrole-based chalcones and also, investigate their structure activity relationship. All 

compounds were evaluated for their cytotoxic activity against MCF-7 cell lines, and the 

structure activity relationship was discussed.  

 

Results and Discussion  

The pyrrole compounds were synthesized according to the methods described in literature.13 

Pyrrole-based chalcones were achieved through conjugation of 3-acetyl pyrrole derivatives 

and benzaldehyde under basic conditions. The synthesis route of tetrasubstituted pyrrole (4a-

d) and pyrrole-based chalcones (5a-d) was shown in Scheme 1. The characterization of all 

compounds was made by FT-IR, 1H-NMR and 13C-NMR. 

General procedure for the synthesis of tetrasubstituted pyrroles (4a-d)  

All pyrrole compounds (4a-d) were synthesized as described in literature.13 

General procedure for the synthesis of pyrrole-based chalcones (5a-d) 

A mixture of 3-acetyl pyrrole derivatives (4a-d) (1 eq), benzaldehyde (1 eq) and NaOH (1eq) 

were dissolved in methanol. The reaction mixture was stirred at room temperature until the 

reaction was completed. The progress of the reaction was monitored by TLC. After completion 

of the reaction, the mixture was poured into ice water and then acidified by dilute HCl. The 

solid obtained was filtered, washed with cold water. Pure compounds were obtained after 

crystallization from aqueous ethanol. 
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Scheme 1. Synthetic route of tetrasubstituted pyrroles and pyrrole-based chalcones 

 

Biological Activity 

Cytotoxicity Evaluations: Cell viability was evaluated by using MTT assay. This assay is based 

on the ability of viable cells to metabolize yellow tetrazolium salt MTT to purple formazan 

crystals by mitochondrial dehydrogenases and spectrophotometric measurement of the 

product at 570 nm. The commercial antitumor agent methotraxate (MTX) was used as positive 

control. SPSS (SPSS. lnc. Chicago) Software version was used for the statistical analysis, 

p<0.00o1 N=9. 

After successful completion of the synthesis studies, all synthesized compounds were 

evaluated for their in vitro anti-proliferative activities against human breast cell line (MCF-7), 
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and human embryonic kidney cell line (HEK 293).  Cell viability analysis indicated that all 

compounds were effective as anti-proliferative agents against MCF-7 breast cancer cells. 

Compound 5c stood out as the best candidate for the replacement of MTX product due to its 

higher anti-proliferative efficiency as well as lower cytotoxicity.  

We synthesized the pyrrole and pyrrole-based chalcones with or without the halogen 

substituted and evaluated their antiproliferative activity. Our results showed that the activity 

deeply depended on the halogen and position of the substituent. When a substituent 

hydrogen than a chloro was attached on the para position, the higher activity was observed. 

On the other hand, the pyrrole-based chalcones also served as a good pharmacophore and 

the chloro substituted derivative 5c showed potent activity. Therefore, a scaffold with the 

chalcone group has potential as a new alternative structure of the pyrrole-based chalcone 

skeleton for antiproliferative activity. 

 

Conclusion 

We have synthesized a series of tetrasubstituted pyrrole compound and their chalcone 

derivatives. The molecular structures of all compounds were confirmed by NMR and FT-IR 

spectroscopic methods. All compounds were tested for their in vitro antiproliferative activity 

against MCF-7 compared to methotrexate (MTX) and also structure-activity relationship was 

discussed. Our results support that these pyrrole-based compounds had good antiproliferative 

activity on MCF-7 breast cancer cells. In our future studies, we will be designing new 

derivatives similar to Compound 5c to further increase the antiproliferative efficiencies while 

decreasing the cytotoxic effects and finding more active and more selective anticancer agents. 
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Abstract 

The incentive of this work has been primarily directed towards the design and synthesis 
of phenyl substituted benzimidazole derivatives with different intermediate chains believed 
to have antiproliferative activity. All benzimidazole derivatives were synthesized by Phillips 
method and their structures were elucidated by using IR, 1H-NMR, 13C-NMR analysis. In vitro 
cytotoxic activity of these compounds against A549, A498, HeLa, A375 and HepG2 cancer cell 
lines was evaluated by MTT assay. Compound 9 exhibits good activity against all of the cancer 
cell lines tested when compared with reference drug methotrexate. 

Keywords: Benzimidazole, synthesis, antiproliferative activity, MTT assay 

 

Introduction 

Cancer is one of the major death causes throughout the world. Current therapy options have 

many disadvantages such as many side effects and drug resistance. The search for newer and 

safer anticancer drugs is critically required. With the regard of recognizing different chemical 

compounds which may act as a lead for designing new anticancer agents, we are interested in 

benzimidazole derivatives. 

Benzimidazole is a heterocyclic aromatic organic compound considered to be a useful 

pharmacophore in a variety of impactful drugs, especially in new anticancer drugs.1 Different 

clinical studies have been conducted on compounds bearing the benzimidazole scaffold (such 

as Hoechst 33258 derivatives) to develop novel molecules with high anticancer activity against 

different cancer cells with different mechanisms of action.2  

Hoechst 33258 is a benzimidazole derivative which had undergone phase I clinical evaluation 

as an anticancer agent. Its activity against pancreatic cancer and leukemia (L1210) had been 

reported. Another study related to benzimidazole derivatives is based on the antiproliferative 
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effect of ABA13 and ABA833 compounds against different types of cancer (breast, colon, 

ovary, lung and prostate).3 Flow cytometric analysis showed that ABA13 and ABA833 not only 

blocked cell proliferation in the S phase of the cell cycle, but also increased cell proliferation 

in the pre-G1 phase in MCF-7 and MDA 468 breast cancer cells. 

 

 

Hoechst 33258 ABA13     X=-OCH3     ABA833   X=-O(CH2)3N(CH3)2 

Scheme 1. Some benzimidazole derivatives for antiproliferative effect 

 

In the light of above information, our research aimed at the synthesis of a series of phenyl 

substituted benzimidazole derivatives with alkyl / alkoxy intermediate chains between 

benzimidazole and phenyl moieties, and their anticancer evaluation against five different 

cancer cell lines in an attempt to reach an active anticancer agent with low cytotoxicity.  

Results and Discussion 

General procedures for the synthesis of benzimidazole derivatives4 

 
R; R1= -H, -Cl   A= -, -O- 

Scheme 2. Synthesis of benzimidazole derivatives 

The appropriate 1,2-phenylenediamine derivative (5 mmol) and the corresponding carboxylic 

acid derivatives (5.5 mmol) were dissolved in 20 mL of 5 M hydrochloric acid and refluxed and 

stirred for a period of 41-120 hours. The reaction was monitored by thin layer chromatography 

(TLC). UV (ultraviolet) light was used in the determination of stains on the TLC plate. After 

cooling down to room temperature, the reaction mixture was poured into ice water and 
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neutralized with NaHCO3. The resulting precipitate was filtered off and washed with cold 

water. The crude products were recrystallized with a suitable solvent for purification. 

 
Scheme 3.  All synthesized benzimidazole derivatives 

 

Biological evaluation 

All the synthesized compounds were investigated for their in vitro antiproliferative activity 

against five cancer cell lines using MTT assay.5 They are also evaluated to study their cytotoxic 

nature against HEK293 (normal cell line). The obtained results were compared with standard 

antiproliferative drug methotrexate and summarized in Table 1. 

To sum up, a series of 2-(benzyl/phenylethyl/phenoxymethyl) benzimidazole derivatives 

with/without various chloro-substituents were designed and synthesized. Five cancer cell lines 

including A549, A498, HeLa, A375 and HepG2 were used to evaluate the cytotoxic activity of 

these designed compounds. Antiproliferative activity results indicated that substituted 

benzimidazole derivatives are more effective against cancer cell lines than non-substituted 

ones. We can conclude that phenyl substituted benzimidazole derivatives with different 

intermediate chains represent a class of compounds with great potential for development of 

novel anticancer agents. 
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Table 1.  In vitro antiproliferative activity of synthesized benzimidazole compounds with MTT assay 
 

Compounds 
IC50 (µM) 

HEK293 A549 A498 HeLa A375 HepG2 

1 0,10 0,08 0,08 0,04 0,08 0,04 

2 0,20 0,16 0,32 0,04 0,16 0,16 

3 0,20 0,40 0,20 0,20 0,20 0,4 

4 1,00 0,40 0,40 0,40 0,40 0,4 

5 0,20 0,40 0,40 0,04 0,04 0,4 

6 0,20 0,08 0,08 0,16 0,16 0,08 

7 1,00 0,16 0,80 0,16 0,16 0,16 

8 0,80 0,40 0,40 0,20 0,80 0,4 

9 0,20 0,08 0,04 0,04 0,02 0,08 

Methotrexate 0.022 0.022 0.022 0.022 0.022 0.022 
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Abstract 

Hepatitis B Virus (HBV) causes important health problems worldwide. Generally, drug 
resistance mutations develop, due to the replication strategy and biological features of HBV. 
In HBV patients, coinfection with other viruses such as Human Cytomegalovirus/ Epstein-Barr 
Virus (HCMV/EBV) may adversely affect the prognosis of the disease. However, it is not yet 
known whether this condition has effects on treatment and drug resistance. In this study, the 
presence of HCMV/EBV was studied by real time PCR in the serum of 124 patients who 
determined nucleoside analogue (NA) drug resistance mutations in a previous study. In this 
study, HCMV DNA in 5 and EBV DNA in 10 of 124 patients were also detected. Different types 
of mutations were detected in 1 out of 5 patients with CMV coinfection and in 4 out of 10 
patients with EBV coinfection.  This result indicates that HCMV/EBV coinfection is likely to 
affect treatment in HBV patients. Therefore, HCMV/EBV coinfection may be monitored for 
following-up of HBV patients and determining treatment strategies. 

Keywords:Hepatitis B Virus, Nucleoside Analog Drugs, Resistance, Coinfection 

Introduction 

Hepatitis B Virus (HBV) is a DNA virus which is the active agent of the viral hepatitis B disease. 

When the infection becomes chronic, it may cause serious diseases like fibrosis, cirrhosis 

and/or hepatocellular carcinoma (HCC) (1). Furthermore, recent research has shown that 

coinfection with some viruses negatively affects HBV pathogenesis. Studies demonstrate that 

HBV patients with Human Cytomegalovirus/ Epstein-Barr virus (HCMV/EBV) coinfection have 

higher Histological Activity Index (HAI) (NI: Necroinflammatory, F: Fibrosis), which increases 

the risk of liver-related mortality in patients with cirrhosis and this case may be associated 

with more aggressive liver tumors (2). Although it is known that increases liver inflammation 

in HCMV/EBV coinfected with HBV patients, it is not yet known whether this condition has 

effects on treatment and drug resistance. In recent years, it is known that oral nucleoside 
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Mirage Park Resort, 27 February – 01 March, 2020,  Kemer, ANTALYA 
 

analog (NA) drugs, including lamivudine (LAM), adefovir dipivoxil (ADV), entecavir (ETV), 

tenofovir (TDF) and telbivudine (LdT), have a significant contribution in the control of HBV 

infection (3). Because of the lack of proofreading activity, mutations occur in a fast pace in 

each nucleotide position in the entire genome, and these mutations cause HBV formation of 

the quasispecies (4). These mutations are known to have important effects on the 

pathogenesis of the viral disease and the formation of antiviral resistance. It is difficult to 

control HBV infection in drug resistant patients. The situation is more critical, especially for 

HBV patients who have coinfections with other viruses.  

Our aim in this study was to investigate the prevalence of HCMV and EBV infection in patients 

with HBV-related chronic liver inflammation and evaluate the possible effects of this 

coinfection on drug resistance development. 

Results and Discussion 

In our previous study, in chronic hepatitis B patients treated with 72 NA and not treated with 

52 NA, the profiles of classical and assumed NA antiviral resistance mutations in the HBV RT 

gene region were analyzed using nested PCR, capillary electrophoresis and bioinformatics 

approaches (5). Serum samples stored for this study from the previous study were extracted 

from HCMV / EBV DNA and then amplifications were performed by real-time PCR. Primers 

used for real time PCR; HCMV, forward (5′-GCGCGTACCGTTGAAAGAAAAGCATAA-3′) and 

reverse primers (5′-TGGGCACTCGGGTCTTCATCTCTTTAC-3′) (6); EBV, forward (5′- 

AGGATGCGATTAAGGACCTTGTT -3′) and reverse primers (5′- GGAAACCAGGGAGGCAAATCT -

3′) (7). For both reactions, before the quantitative PCR, the mixtures were incubated at 95°C 

for 10 sec. The PCR reaction was carried out at 95°C for 10 sec and for 45 cycles for 15 sec at 

95°C and 30 sec at 60°C, and was analyzed with Quart StidioDM-Real-time PCR software. 

All identified mutations were categorized according to the position, mutation type and 

numbers in A-B, B, B-C, C, C-D, D, D-E, E and E- domains of reverse transcriptase region. HCMV 

DNA in 5 and EBV DNA in 10 of 124 patients were detected in this study.  Different types of 

mutations were detected in 1 out of 5 patients with CMV coinfection and in 4 out of 10 
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patients with EBV coinfection. Although 1 HCMV positive patient with mutation had not 

received antiviral treatment before, 4 EBV positive patients with mutation had previously 

received antiviral treatment with different NA antivirals (Table I, II). 

Table I. The mutations determined in the zone between the rtA-E domains in the patients who 
received NA treatment with EBV coinfected. 

Patient  
No           Drug                                Mutations determined between rt A-E Domains 

  A-B B B-C C C-D D D-E E E- 

EBV 1 TDF K154E        I266R 
V278I 

EBV 2 ETV R153Q         
EBV 3 LAM K154E         
EBV 4 ETV G152Q 

K154E 
        

EBV:Epstein-Barr Virus, LAM: Lamivudine , ETV:Entecavir, TDF: Tenofovir  

 

Table II. The mutations determined in the zone between the rtA-E domains in the patients 
who did not receive NA treatment with HCMV coinfected 

Patient 
No                                           Mutation determined between the rt A-E Domains 

 A-B B B-C C C-D D D-E E E- 

 
HCMV 1 

 
K154E 

       
C256G 

 
V278I 

HCMV: Human Cytomegalovirus 
 

The development of resistance to existing drugs is one of the most important problems in the 

treatment of infections. Due to the replication strategy and biological properties of the HBV, 

in time, drug resistance mutations appear at different rates (8). In previous studies, 42 

potential NA resistance-related amino acid substitution areas were defined in the HBV reverse 

transcriptase (RT) zone. Based on in vitro phenotype resistance data, the mutations, which are 

associated with NA in these zones, may be categorized as Primary Drug Resistance Mutations 

(Category 1), Secondary/Compensatory Mutations (Category 2), Assumed Antiviral Resistance 

Mutations (Category 3), and Pre-Treatment Variations (Category 4) (9).  
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The DNA polymerase of the HBV consists of a terminal protein, spacer, RT and RNaz zone. The 

variations affected by NA are located in the RT Zone, which include F-A, A-B, B-C, C-D and D-E 

intermediary zones that played roles in the HBV replication. In addition, RT variants are mostly 

found in the A-B inter-domain (10).  

In our study, the rtG152Q, rtR153Q, rtK154E mutations were determined in the A-B inter-

domain zone. It was reported in previous studies that the rtR153Q mutation in codon 153 is a 

putative drug resistance mutation (11). In addition rtC256G and rtI266R mutations, which we 

determined in E domains, have the potential of being associated with drug resistance (7). The 

study results are compatible with previous studies (9, 11). 

The virus-virus interactions changing the pathogenesis of human viral infections were shown 

in previous studies. In studies, high histological activity scores (F, NI) were detected in HBV 

patients with HCMV/EBV coinfection. Therefore, HCMV/EBV coinfection with in HBV patients 

is thought to increase liver damage and adversely affect prognosis (2). However, it is not yet 

known whether drug resistance mutations, HBV are related to CMV / EBV coinfection.  

Drug mutations in patients with coinfection have been the subject of research in few studies. 

In a study, drug resistance mutations were investigated in patients with HIV/HBV and HIV/HCV 

coinfection. This study showed that HBV drug resistance mutations are more common in 

HIV/HBV-coinfected patients than those without coinfection. They also emphasized that 

knowing coinfections and drug resistance mutations is crucial for the clinician to select 

appropriate antiviral drugs (12). 

As a result, we have detected putative drug resistance mutation, even if not primary, in HBV 

patients with coinfection with HCMV or EBV. This result shows that CMV / EBV coinfection 

may possibility affect treatment in HBV patients. Considering the prevalence of CMV and EBV 

in our country, we believe that coinfection in HBV patients should be to be considered more. 

It is also a fact that more studies are needed on mutations and their underlying mechanisms 

in HBV patients with HCMV / EBV coinfection. 
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Abstract: Effective alternative for the synthesis of primary carbamates from various alcohols 
was developed in the presence of chlorosulfonyl isocyanate (CSI) in pyridine at room 
temperature in mild conditions. The primary carbamates were synthesized excellent yield. 
This method is easy, practical and fair price without any additive, metal or catalyst. It can be 
synthesized on milligrams and grams scale. 

Keywords: Carbamate, Chlorosulfonyl isocyanate, Alcohol, 

Introduction 

In recent years, the development of safe efficient, easy, and inexpensive for the synthesis of 

organic molecules has attracted the attention of industrial interests and scientists. Although 

common methods have aimed on high-yielding protocols that proceed in the shortest time, 

Hazardous reactants should be replaced by more green, safer resources, and ecofriendly 

process should be used to minimize the production of toxic by products.[1] 

 

Scheme 1. Some biologically active primary carbamates. 

Carbamates are significant intermediates for the preparation of pharmaceuticals (i.e., 

felbamate and meprobamate),[2] agrochemicals,[3] organic molecules as heterocyclic 

molecules and the protection of amino groups in peptide chemistry,[4] and polymers.[5] Some 

important biologically active primary carbamates are showed in Scheme 1. Traditional 
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methods of primary carbamates are synthesized on the reaction of alcohols with cyanate salts 

or isocyanates (Scheme 1 I-II).[6] Such procedures present disability, such as the preparation 

of carbamoylation agents from the necessity  of certain acids. 

The carbamate dervatives was synthesized with a slight modification, in 2008, (III): 

Concentrated aqueous ammonium hydroxide is added over a period of 0,5 h to 

chlorocarbonate in the ice bath-cooled, and primary carbamates were synthesized. [7] In 

addition, there is other treatment that made use of isocyanate, such as the reaction of 

alcohols with the conversion of trimethylsilyl ether in carbamate in the presence of CSI (IV). 
[8] 

 

 

Scheme 2. Conventional procedures for the synthesis of primary carbamates. The reaction of 

CSI with alcohols 

In addition, primary carbamates was synthesized the reaction of alcohols with urea (Scheme 

1-V).[9] In this work, alternative for the synthesis of primary carbamates would be the CSI with 

alcohols in the mild conditions (Table 1). 

 
Results and Discussion   
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For finding a nowel and suitable process of primary carbamates, the reaction of n-butanol with 

CSI in the presence of pyridine was chosen as the model reaction and the result was showed 

in Table 1. Next, we have anaylzed the scope of various commercially available alcohols (Table 

1). The reactions of alcohol derivatives (n-Butanol, iso-Butanol, allyl alcohol, (-)-Mentol, and 

cyclohexanol) with chlorosulfonyl isocyanate proceeded smoothly to furnish 3a (93%), 3b 

(96%), 3c (91%), 3d (87%) and 3e (94%), respectively in excellent yields. The benzyl alcohol 

derivatives (benzyl alcohol and 1-phenyl ethanol) also showed excellent reactivities, and the 

primary carbamate derivatives 3f and 3g could be obtained in 97-96% yields, respectively in 

excellent yields.  

 

 

Table 1. Examination of the scope of substrates 

 

In conclusion, we have developed a new and highly efficient process for the synthesis of 

primary carbamates with CSI/Pyridine by the treatment of various alcohols. This process is 

easy to handle and no any oxidation or metals. A wide range of primary carbamate derivatives 

can be obtained short reaction time and in excellent yields in mild conditions, this process 

highly useful and environmentally benign for academia and industry. 

 

Experimental 

General remarks 
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All chemicals are commercially available. 1H and 13C NMR spectrums were recorded on Bruker 

spectrometers at 400 and 100 MHz, respectively, and NMR shifts are presented as d in ppm.  

 

General procedure synthesis of primary carbamates 

Alcohol (1 mmol, 2a-i) was dissolved in 5 mL pyridine. The reaction mixture was cooled to 0oC 

and chlorosulfonyl isocyanate (CSI, 1.1 mmol) was added and resulting solution was stirred for 

0,5 h at the room temperature. The reaction mixture was extracted with EtOAc. The organic 

phase was dried over sodium sulphate and concentrated. Purification was performed through 

thin-layer chromatography (TLC) on silica gel. 

 

1-Butyl Carbamate (3a) 

White crystals (yield 93%), 1H NMR (CDCl3, ppm, 400 MHz):  0,94 (t, J= 6.7 Hz, 3H), 1.32-1.45 

(m, 2H), 1.56-1.72 (m, 2H), 4.11 (t, J= 6.7 Hz, 2H), 4.8 (br, 2H), 13C NMR (CDCl3, ppm, 100 

MHz): 13.7, 18.6, 30.8, 62.7, 156.9. 

 

2-Butyl Carbamate (3b) 

White crystals (yield 96%), 1H NMR (CDCl3, ppm, 400 MHz):  0.82 (t, J = 7.3 Hz, 3H), 1.12 (d, J 

= 6.2 Hz, 3H), 1.41 (m, 1H), 1.52 (m, 1H), 4.61 (m, 1H), 5.35 (br, 2H), 13C NMR (CDCl3, ppm, 100 

MHz): 157.6, 72.7, 28.8, 19.4, 9.4 

 

Allyl carbamate (3c) 

White crystals (yield 91%), 1H NMR (CDCl3, ppm, 400 MHz):  4.52 (d, J = 5.4 Hz, 2H), 4.95 (br, 

2H), 5.32 (dd, J = 10.2, 1.3 Hz, 1H), 5.43 (dd, J = 17.2, 1.4 Hz, 1H), 5.87-5.98 (m, 1H), 13C NMR 

(CDCl3, ppm, 100 MHz): 66.2, 118.5, 132.9, 154.1. 

 

(-) Menthyl carbamate (3d) 

White crystals (yield 87%), 1H NMR (CDCl3, ppm, 400 MHz):  0.82 (d, J = 8.4 Hz, 3H), 0.96 (m, 

7H), 1.13 (m, 2H), 1.34 (m, 1H), 1.48 (m, 1H), 1.54–1.62 (m, 1H), 1.70 (m, 2H), 1.93–1.99 (m, 

2H), 4.45 (td, J = 10.7 Hz, J = 4.3 Hz, 1H), 5.53 (br, 2H). 13C NMR (CDCl3, ppm, 100 MHz): 17.2, 

21.5, 22.9, 23.9, 26.6, 31.6, 34.8, 42.3, 47.8, 73.3, 157.5. 

 

Cyclohexyl Carbamate (3e) 

White crystals (yield 94%), 1H NMR (CDCl3, ppm, 400 MHz):  1.20-1.90 (m, 10H), 4.58-4-62 

(m, 1H), 4.95 (br, 2H). 13C NMR (CDCl3, ppm, 100 MHz): 157.0, 73.3, 31.9, 25.3, 23.8. 

 

Benzyl Carbamate (3f) 

White crystals (yield 97%), 1H NMR (CDCl3, ppm, 400 MHz):  4.82 (br, 2H), 5.10 (s, 2H), 7.35-

7.37 (m, 5H), 13C NMR (CDCl3, ppm, 100 MHz): 67.0, 128.1, 128.2, 128.6, 136.2, 156.8. 
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1-Phenethyl carbamate (3g)  

White crystals (yield 96%), 1H NMR (CDCl3, ppm, 400 MHz):  1.53 (d, J = 6.6 Hz, 3H), 5.1 (br, 

2H), 5.75 (q, J = 6.6 Hz, 1H), 7.26-7.34 (m, 5H). 13C NMR (CDCl3, ppm, 100 MHz): 22.3, 73.1, 

126.0,127.8, 128.7, 141.9, 156.7 

Acknowledgement: We acknowledge Atatürk University, Faculty of Sciences, Department of Chemistry, for 

support of this work 
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Abstract  

A series of novel 4-thiazolidinone and 1,3,4 oxadiazole moiety bearing compounds were synthesized 
from diverse thiosemicarbazide derivatives. The structures of novel compounds were determined and 
verified by analytical and spectral (IR, 1H-NMR and elemental analysis) methods. In silico studies were 
performed to evaluate the potential anticancer activity of the compounds. It is clear that target 
oriented drug design is crucial for cancer therapy for increasing the selectivity and thence decreasing 
the adverse effects of anticancer agents. In an attempt to design and develop target oriented 
anticancer agents, computer aided drug design technologies were benefited during the whole 
processes of the project. We determined our targets as ATP-dependent enzyme topoisomerase II 
(Topo II), epidermal growth factor receptor (EGFR) tyrosine kinase domain, carbonic anhydrase IX and 
tubulin-colchicine: stathmin-like domain complex, which have significant roles in the cancer 
development process by their biochemical and physiological activities. Also, virtual ADME studies were 
conducted to detect and evaluate the pharmacokinetic properties of the novel compounds. In the light 
of the results obtained from in silico studies, the title compounds displayed significant potential activity 
about possessing the qualification about being multi-target drugs by affecting and hitting a few of the 
main targets of cancer chemotherapy together and at the same time. 

Keywords: 4-Thiazolidinones, 1,3,4-oxadiazoles, synthesis, computer aided drug design  

1. Introduction  

Potential anticancer activity of the compounds bearing 4-thiazolidinone and 1,3,4-oxadiazole moiety, 

and the biological and physicochemical advantages of the organofluorine molecules, have led us to 

determine our target molecules as compounds containing 1,3,4-oxadiazole or 4-thiazolidinone 

moiety[1,2]. From this point forward, in this study, a series of novel 1,3,4-oxadiazole and 4-

thiazolidinone derivatives bearing trifluoromethyl moiety were synthesized and their chemical 

structures were illuminated by IR, 1H-NMR and elemental analysis. In silico studies were conducted to 

determine and evaluate the potential biological activity of the compounds. Also, virtual ADME studies 

were conducted to detect and evaluate the pharmacokinetic properties of the novel compounds. 

2. Results 

2.1. Chemical Synthesis 
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General procedure for the synthesis of N'-[3-alkyl-4-oxo-1,3-thiazolidin-2-ylidene]-3,5-
bis(trifluoromethyl)benzohydrazides and N-aralkyl/aryl-5-[3,5-bis(trifluoromethyl)phenyl]-1,3,4-
oxadiazol-2-amines 

An appropriate thiosemicarbazide (0.005 mol) (2) and ethyl bromoacetate (0.0055 mol) were refluxed 
in 30 ml absolute ethanol in the presence of anhydrous CH3COONa (0.020 mol) for 3h. After cooling, 
distilled H2O was added dropwise until the precipitate (NaBr) dissolved and the reaction mixture was 
allowed to stand overnight. The crystals thus obtained were filtered and recrystallized from ethanol 
(96%) to afford 3a-c and 4a-g. The synthesis pathways were displayed in figure 1. 

N'-[4-oxo-3-propyl-1,3-thiazolidin-2-ylidene]-3,5-bis(trifluoromethyl)benzohydrazides (3a) Mp 147 
oC, yield: 80.92%. Anal. Calcd. for C15H13F6N3O2S (M.W. 413.34): C, 43.59; H, 3.17; N, 10.17%. Found: C, 
43.92; H, 3.00; N, 10.67%. IR υmax (KBr, cm-1): 3313, 3203 (N-H), 1712 (C=O ring), 1681 (C=O). 1H-NMR 
(500 MHz) (DMSO-d6/TMS) δ (ppm): 11.38 (s, 1H, CONH), 8.47; 8.34 (2s, 2H, ar.), 8.30; 8.28 (2s, 1H, 
ar.), 4.09 (s, 2H, SCH2), 3.70 (t, J=7.20 Hz, 2H, N-CH2), 1.70-1.56 (m, 2H, N-CH2-CH2-CH3), 0.89 (t, J=7.40 
Hz, 3H, CH3). 

N'-[3-butyl-4-oxo-1,3-thiazolidin-2-ylidene]-3,5-bis(trifluoromethyl)benzohydrazides (3b) Mp 105-
107 oC, yield: 99.39%. Anal. Calcd. for C16H15F6N3O2S (M.W. 427.36): C, 44.97; H, 3.54; N, 9.83%. Found: 
C, 45.34; H, 3.26; N, 10.38%. IR υmax (KBr, cm-1): 3203 (N-H), 1703 (C=O ring), 1678 (C=O). 1H-NMR (500 
MHz) (DMSO-d6/TMS) δ (ppm): 11.38 (s, 1H, CONH), 8.48; 8.34 (2s, 2H, ar.), 8.30; 8.28 (2s, 1H, ar.), 
4.07 (s, 2H, SCH2), 3.73 (t, J=7.20 Hz, 2H, N-CH2), 1.66-1.53 (m, 2H, N-CH2-CH2), 1.38-1.27 (m, 2H, CH2-
CH3), 0.91 (t, J=7.40 Hz, 3H, CH3). 

N'-[3-allyl-4-oxo-1,3-thiazolidin-2-ylidene]-3,5-bis(trifluoromethyl)benzohydrazides (3c) 

Mp 124 oC, yield: 89.63%. Anal. Calcd. for C15H11F6N3O2S (M.W. 411.32): C, 43.80; H, 2.70; N, 10.22%. 
Found: C, 43.49; H, 2.46; N, 10.29%. IR υmax (KBr, cm-1): 3327, 3130 (N-H), 1714 (C=O ring), 1695 (C=O). 
1H-NMR (500 MHz) (DMSO-d6/TMS) δ (ppm): 11.39 (s, 1H, CONH), 8.47 (s, 2H, ar.), 8.34 (s, 1H, ar.), 
5.91-5.84 (m, 1H, CH=), 5.22 (d, J=18.55 Hz, 1H,  =CH2 trans), 5.17 (d, J=10.24 Hz, 1H,  =CH2 cis), 4.34 (s, 
2H, N-CH2), 4.13 (s, 2H, SCH2). 

N-benzyl-5-[3,5-bis(trifluoromethyl)phenyl]-1,3,4-oxadiazol-2-amine (4a) 

Mp 171-172 oC, yield: 97.59%. Anal. Calcd. for C17H11F6N3O (M.W. 387.28): C, 52.72; H, 2.86; N, 10.85%. 
Found: C, 52.40; H, 2.73; N, 10.93%. IR υmax (KBr, cm-1): 3307, 3174 (N-H), 1666, 1500, 1450 (C=N, C=C). 
1H-NMR (500 MHz) (DMSO-d6/TMS) δ (ppm): 8.62 (t, J=6.18 Hz, 1H, NH), 8.31 (s, 3H, bisPh ar.), 7.41-
7.26 (m, 5H, ar.), 4.51 (d, J=6.16 Hz, 2H,  CH2). 

5-[3,5-bis(trifluoromethyl)phenyl]-N-(2-phenylethyl)-1,3,4-oxadiazol-2-amine (4b) 

Mp 171 oC, yield: 98.75%. Anal. Calcd. for C18H13F6N3O (M.W. 401.31): C, 53.87; H, 3.26; N, 10.47%. 
Found: C, 53.71; H, 2.99; N, 10.50%. IR υmax (KBr, cm-1): 3278, 3165 (N-H), 1678, 1498, 1475 (C=N, C=C). 
1H-NMR (500 MHz) (DMSO-d6/TMS) δ (ppm): ), 8.27 (s, 3H, bisPh ar.), 8.14 (t, J=6.03 Hz, 1H, NH), 7.30-
7.16 (m, 5H, ar.), 3.52 (d, J=7.41 Hz, 2H,  N-CH2), 2.90 (t, J=7.14 Hz, 2H, CH2).  

5-[3,5-bis(trifluoromethyl)phenyl]-N-phenyl-1,3,4-oxadiazol-2-amine (4c) 
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Mp 191-193 oC, yield: 97.04%. Anal. Calcd. for C16H9F6N3O (M.W. 373.25): C: 51.49 H: 2.43 N: 11.26. 
Found: C: 50.96 H: 2.40 N: 11.28. IR υmax (KBr, cm-1): 3209, 3176 (N-H), 1678, 1593, 1502 (C=N, C=C). 
1H-NMR (500 MHz) (DMSO-d6/TMS) δ (ppm): ), 10.84 (s, 1H, NH), 8.33; 8.31 (2s, 3H, bisPh ar.), 7.59 (d, 
J=7.81 Hz, 2H, ar.), 7.34 (t, J=7.92 Hz, 2H, ar.), 7.00 (t, J=7.35 Hz, 1H, ar.).    

5-[3,5-bis(trifluoromethyl)phenyl]-N-(4-methylphenyl)-1,3,4-oxadiazol-2-amine (4d) 

Mp 235 oC, yield: 70.91%. Anal. Calcd. for C17H11F6N3O (M.W. 387.28): C, 52.72; H, 2.86; N, 10.85%. 
Found: C, 52.45; H, 2.57; N, 10.97%. IR υmax (KBr, cm-1): 3329, 3174 (N-H), 1670, 1589, 1512 (C=N, C=C). 
1H-NMR (500 MHz) (DMSO-d6/TMS) δ (ppm): ), 10.88 (s, 1H, NH), 8.38; 8.36 (2s, 3H, bisPh ar.), 7.51 (d, 
J=8.79 Hz, 2H, ar.), 7.19 (d, J=7.68 Hz, 2H, ar.), 2.27 (s, 3H, CH3).    

5-[3,5-bis(trifluoromethyl)phenyl]-N-(4-fluorophenyl)-1,3,4-oxadiazol-2-amine (4e) 

Mp 209 oC, yield: 96.29%. Anal. Calcd. for C16H8F7N3O (M.W. 391.24): C, 49.12; H, 2.06; N, 10.74%. 
Found: C, 48.76; H, 2.05; N, 10.80%. IR υmax (KBr, cm-1): 3336, 3180 (N-H), 1676, 1604, 1512 (C=N, C=C). 
1H-NMR (500 MHz) (DMSO-d6/TMS) δ (ppm): ), 10.89 (s, 1H, NH), 8.38 (s, 3H, bisPh ar.), 7.64 (d, J=8.79 
Hz, 2H, ar.), 7.23 (t, J=8.79 Hz, 2H, ar.).  

5-[3,5-bis(trifluoromethyl)phenyl]-N-(4-chlorophenyl)-1,3,4-oxadiazol-2-amine (4f) 

Mp 216 oC, yield: 99.39%. Anal. Calcd. for C16H8F6N3O (M.W. 407.70): C, 47.14; H, 1.98; N, 10.31%. 
Found: C, 46.57; H, 2.05; N, 10.36%. IR υmax (KBr, cm-1): 3302, 3184 (N-H), 1658, 1570, 1492 (C=N, C=C). 
1H-NMR (500 MHz) (DMSO-d6/TMS) δ (ppm): ), 11.17 (s, 1H, NH), 8.39; 8.38 (2s, 3H, bisPh ar.), 7.65 (d, 
J=8.78 Hz, 2H, ar.), 7.45 (d, J=8.79 Hz, 2H, ar.).    

5-[3,5-bis(trifluoromethyl)phenyl]-N-(4-bromophenyl)-1,3,4-oxadiazol-2-amine (4g) 

Mp 243 oC, yield: 92.02%. Anal. Calcd. for C16H8BrF6N3O (M.W. 452.15): C, 42.50; H, 1.78; N, 9.29%. 
Found: C, 41.90; H, 1.79; N, 9.48%. IR υmax (KBr, cm-1): 3230, 3184 (N-H), 1629, 1585, 1485 (C=N, C=C). 
1H-NMR (500 MHz) (DMSO-d6/TMS) δ (ppm): ), 11.04 (s, 1H, NH), 8.39 (s, 3H, bisPh ar.), 7.61-7.56 (m, 
4H, ar.).    
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Compound R Compound R 

3a propyl 4c phenyl 

3b butyl 4d 4-methylphenyl 

3c allyl 4e 4-fluorophenyl 

4a benzyl 4f 4-chlorophenyl 

4b 2-phenylethyl 4g 4-bromophenyl 

Figure 1. Synthesis of the title compounds (3a-c, 4a-g) 

2.2. Docking Studies 

Schrodinger software suite (Schrodinger 2018-1) was used for docking studies. All docking process was 

conducted according to the procedure determined by Debnath et al [3]. The PDB IDs of selected targets 

were 1ZXN, 1M17, 3IAI and 1SA0. When compared to the native ligands of the targets, all of newly 

synthesized compounds displayed from moderate to good value of docking score. 

2.3. Virtual ADME Studies 

We have analyzed 6 physical descriptors and pharmaceutically important properties of our compounds 

using QikProp tool of Schrodinger software (2018-1), among which major descriptors reported here 

required for predicting the drug-like properties of molecules. These were displayed in table 1. 

Table 1. Prediction of ADME properties of newly designed compounds using QikProp 

Compound Mol. Wt. LogPo/w LogS LogBB PMDCK HOA% Number 

of 

violations 

of rule of 

5 

3a 413.337 4.589 -6.771 -0.240 10000 100 0 

3b 427.364 4.969 -7.184 -0.327 10000 100 0 

3c 411.321 4.589 -6.540 -0.143 10000 100 0 

4a 387.284 5.426 -6.802 0.408 10000 100 1 

4b 401.311 5.688 -7.440 0.044 10000 100 1 

4c 373.257 5.003 -6.709 0.243 10000 100 1 
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4d 387.284 5.456 -7.427 0.383 10000 100 1 

4e 391.248 5.238 -7.076 0.351 10000 100 1 

4f 407.702 5.498 -7.465 0.403 10000 100 1 

4g 452.153 5.575 -7.571 0.411 10000 100 1 

ADME Absorption, distribution, metabolism and excretion, PMDCK Permeability Maden-Darby carine 

kidney, HOA Human oral absorption 

3. Conclusion 

In the present study, in an attempt to find novel anticancer agents, novel 4-thiazolidinone and 1,3,4 

oxadiazole derivatives were designed and synthesized. The structure of compounds was verified by 

spectroscopic methods. Docking studies supported the potent anticancer activity of the title 

compounds and also the data obtained from virtual ADME studies of the compounds were good. In 

the light of the hope promising results obtained from in-silico studies, further in-vitro activity studies 

against diverse cancer cell lines will be conducted. 
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Number: TSA-2017-26543) 
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Abstract: Tyrosine kinases are important targets for the development of inhibitors against 
various type of cancers. There are different types of tyrosine kinase inhibitors such as 
pyrrolopyrimidine, pyrazolopyrimidine, quinoline and indol derivatives. Osimertinib and 
Sunitinib are two examples of indol derivatives that are used in cancer therapy. In the present 
study, we aimed to evaluate the anticancer effect of N- (4-chlorophenyl)-1H-indole-2-
Carboxamide in osteosarcoma and prostate cell lines. N-(4-chlorophenyl)-1H-indole-2-
carboxamide showed dose-dependent cytotoxicity on Saos-2 and PC3 cells. The results shown 
that this inhibition mechanism depend on the inhibition of ezrin protein, which plays role in 
the regulation of cell cytoskeleton in Saos-2 and PC3 cells. All the activity results showed that 
N-(4-chlorophenyl)-1H-indole-2-carboxamide can be developed as a potential therapeutic 
agent for inhibiting osteosarcoma, prostate growth and metastasis. 
Keywords: Tyrosine Kinase Inhibitors, Cancer, Apoptosis 

1. INTRODUCTION  

Src Family Tyrosine Kinase Inhibitors (SFKIs)have been designed as anti-cancer agents in past 

several years and several small molecules were approved by FDA for clinical studies [1]. It was 

shown that various substituted 2-oxindole derivatives have the ability to inhibit several SFKs 

[2]. The discovery of novel small molecules with potential usefulness and design of potent, 

selective and less toxic anticancer agent is still a major challenge for medicinal chemistry 

researchers. Osteosarcoma (OS) is a common tumor of high malignancy, usually derived from 

mesenchymal tissues. OS, especially those with metastatic or unresectable disease, have 

limited treatment options. At present, anti-angiogenesis TKIs showed promising initial results 
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for this group of patients compared to other second-line chemotherapy, but the results are 

still not satisfactory [3]. The lack of response to chemotherapeutic treatments indicates the 

importance of investigating new therapeutic methods. Prostate cancer (PCa) is the most 

frequently diagnosed, non-cutaneous malignancy in Western countries. Until recently, few 

therapeutic options were available for patients with advanced PCa. Although these 

treatments may delay progression of disease, none are curative. Therefore, research 

continues to investigate other treatments for advanced PCa. Tyrosine kinase inhibitors (TKIs) 

have been extensively studied as a treatment for multiple malignancies and may represent an 

additional strategy. In addition to limiting cellular proliferation and metastasis, there is also 

growing interest in using these treatments to impact the bone microenvironment and reduce 

associated morbidity from Pca [4]. Many studies report the effects of indole derivatives on 

cancer progression. Indole ring is one of the common heterocyclic molecule that exists in 

natural and synthetic bioactive compounds. Several indole derivatives were reported to 

prevent proliferation and invasion of in different type of cancer cell lines. Biological 

evaluations and mechanism studies of anticancer indoles revealed that these compounds 

target diverse pathways in cancer cells. The important targets for anticancer indoles are 

histone deacetylases (HDACs), sirtuins, PIM kinases, DNA topoisomerases, and σ receptors [5-

8].In the present study, we aimed to evaluate the Anticancer effects of N-(4-chlorophenyl)-

1H-indole-2-carboxamide in osteosarcoma (Saos-2) and prostate (PC3) cell line. 

2. MATERIALS AND METHODS 

2.1. Preparation of cells  

The human osteosarcoma cell line Saos-2 was obtained from ATTC (Manassas, VA, USA) and 

PC3 (ATCCÒ CRL-1435TM) was obtained from Biruni University. Saos2 and PC3 cells were 

cultured in Dulbecco’s Modified Eagle’s Medium (DMEM; Thermo Fisher Waltham, USA) 

supplemented with 10% fetal bovine serum (FBS; Gibco, Gaithersburg, USA) and 1% penicillin 

and streptomycin. The cells were cultured in an incubator with 5% CO2 at 37 ̊C. 

 2.2. Cytotoxic effect 
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Cytotoxic effects of N-(4-chlorophenyl)-1H-indole-2-carboxamide and imatinib mesylate on 

osteosarcoma (Saos-2 cells) and prostate cancer (PC3 cells) were investigated by detection of 

proliferation via MTT assay and Immunofluorescence analysis. 

3. RESULTS AND DISCUSSION 

3.1. Anticancer effects of N-(4-chlorophenyl)-1H-indole-2-carboxamide on osteosarcoma Cells  

The anticancer activities of N-(4-chlorophenyl)-1H-indole-2-carboxamide (1 to 40 μM 

concentrations) were evaluated in Saos-2 cells. N-(4-chlorophenyl)-1H-Indole-2- Carboxamide 

showed dose-dependent cytotoxicity on Saos-2 cells (Figure 1). 

 

      

Figure 1: N-(4-chlorophenyl)-1H-indole-2-carboxamide inhibits in a dose dependent manner the osteosarcoma 

cells proliferation. The effects of different doses of N- (4-chlorophenyl) -1 H-indole- 2-carboxamide on the 

proliferation of Saos-2 cells. Data are expressed as means ± SD from three independent experiments (****P &lt; 

0.001) 

The anticancer activities of Imatinib Mesylate at concentrations of 10 to 40 μM were 

evaluated on Saos-2 osteosarcoma cells. Belong to our time-dependent data, as shown in 

Figure 2, the 40 μM dose was more effective than the 10 μM, 20 μM and 30 μM doses in Saos-

2 cells at 24 hours. 
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Figure 2 : Imatinib mesylate inhibits in a dose dependent manner the osteosarcoma cells proliferation. The effects 

of different doses of imatinib mesylate on the proliferation of Saos-2 cells. Data are expressed as means ± SD 

from three independent experiments (**P &lt; 0.05, ***P &lt; 0.001) 

 

3.2. Anticancer effect of N-(4-chlorophenyl)-1H-indole-2-carboxamide on PC3 Cells 

N-(4-chlorophenyl)-1H-indole-2-carboxamide showed dose-dependent cytotoxicity on 

PC3cells (Figure 3). 

     

Figure 3: N-(4-chlorophenyl)-1H-indole-2 carboxamide inhibits in a dose dependent manner the prostat cells 

proliferation. indicates the p &lt;0.05, ** indicates p&lt;0,005 

4. CONCLUSION 
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The anti-proliferation effects of N-(4-chlorophenyl)-1H-indole-2-carboxamide in Saos-2 and 

PC3 cells were evaluated. It was also shown that the inhibition mechanism of N-(4-

chlorophenyl)-1H-indole-2-carboxamide can be related to ezrin protein, which is an actin 

binding protein and regulator of cell cytoskeleton in Saos-2 and PC3 cells. Additionally, in 

prostate cancer cell lines, it was found that N-(4-chlorophenyl)-1H-indole-2-carboxamide may 

have effective role on mitochondrial pathway and also cytoskeleton dynamics. All the activity 

results showed that N-(4-chlorophenyl)-1H-indole-2-carboxamide can be developed as a 

potential therapeutic agent for inhibiting osteosarcoma and prostate growth and metastasis. 

According to our findings, we suggest that effective doses of N-(4-chlorophenyl)-1H-indole-2-

carboxamide can be examined on healthy human prostate and osteosarcoma cell lines to 

confirm the data of efficacy of viability. 

5. REFERENCES 

[1] Roskoski, R. Src protein-tyrosine kinase structure, mechanism, and small molecule inhibitors. Pharmacology 

Research, 2015, 94, 9-25. 

[2] Zhang, S., Yu, D. Targeting src family kinases in anti-cancer therapies: turning promise into triumph. Trends in 

Pharmacological Sciences, 2012, 33,122-128. 

[3] Xie, L. et al. Anti-angiogenesis target therapy for advanced osteosarcoma, Oncology Reports 2017, 38, 625-

636. 

[4] Ojemuyiwa, M.A. et al. Tyrosine kinase inhibitors in the treatment of prostate cancer: taking the next step in 

clinical development. Expert Opinion in Emerging Drugs, 2014, 19, 459-470. 

[5] Safe, S. et al. Cancer chemotherapy with indole-3-carbinol, bis(3&#39;-indolyl)methane and synthetic 

analogs. Cancer Letters, 2008, 269, 326-338. 

[6] Rahman, K.M. et al. Inactivation of NF- kappaB by 3,3&#39;-diindolylmethane contributes to increased 

apoptosis induced by chemotherapeutic agent in breast cancer cells. Molecular Cancer Therapeutics, 2007, 6, 

2757- 2765. 

[7] Ahmad, A. et al. Mechanisms and therapeutic implications of cell death induction by indole compounds. 

Cancers, 2011, 3, 2955-2974. 

[8] Dadashpour, S., Emami, S. Indole in the target-based design of anticancer agents: A versatile scaffold with 

diverse mechanism. European Journal of Medicinal Chemistry 2018, 150, 9-29. 

 



 

 
 

                                 
 

 

 

Mirage Park Resort, 27 February – 01 March, 2020,  Kemer, ANTALYA 
 

Design and Synthesis of Novel Diisopropyloxalamide Derivatives and Their 
Docking Studies for COX Inhibitions 

 
Burak KUZUa,b,Oztekin ALGULa 

aDepartment of Pharmaceutical Chemistry, Faculty of Pharmacy, Mersin University, Mersin, TURKEY 

bDepartment of Pharmaceutical Chemistry, Faculty of Pharmacy, YuzuncuYil University, Van, TURKEY 

burakkuzu@yyu.edu.tr 

Abstract 

Inflammation has long been recognized as a localized protective reaction to irritation, injury or 
infection, characterized by pain, redness, swelling, and sometimes loss of function. There has been a 
new awareness of its role in a wide variety of diseases, including cancer. Several pro-inflammatory 
gene products have been identified that mediate a critical role in suppressing apoptosis, proliferation, 
angiogenesis, invasion, and metastasis. Recently, the role of cyclooxygenase (COX) inhibition in 
carcinogenesis has become more pronounced. It affects apoptosis, angiogenesis, and invasion and 
plays a role in the production of carcinogens. Generally, high levels of COX-2 expression are found in 
cancer cells. However, in some cancers such as prostate or breast cancer, low COX-2 expression is 
observed. This phenomenon is quite surprising and should influence new anticancer drug development 
designs. 
In recent years, it is reported that thalidomide directly inhibits COX-1/COX-2 with efficacy comparable 
to that of the representative drug, aspirin. In our previous study, we investigated the effects of 
thalidomide-like molecules on TNF-α and IL6 from proinflammatory cytokines and anticancer 
properties.We envisage that COX might be another anticancer-related molecular target of 
thalidomide. In here, we investigate our new thalidomide-like molecules for COX inhibitions. 
 

Keywords: Thalidomide, inflammation, oxalamide derivatives, COX inhibitions 

Introduction 

Tumor necrosis factor-alpha (TNF-α) and cyclooxygenase-2 (COX-2) are proteins that have key 

roles in immune cell activation, inflammation and cognitive function in the brain.1 

 

Recent advances have shown that TNF-α and COX have also been investigated to play a key 

role in many different types of cancer.2 For example, thalidomide  is  effective  for  the  

treatment  of certain  kinds  of  cancers,  such  as  colon  and  prostate cancers,  probably  

because  of  its  TNF-α production-inhibiting  activity  and  antiangiogenic  activity.3 
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Prostaglandin and thromboxane biosynthesis occurs after a multi-step reaction of arachidonic 

acid by interacting with COX enzymes.4To date, COX-1 and COX-2 are known to be well 

defined. While COX-1 has been reported to be constitutive in many organs or tissues, COX-2 

can be induced by various stimulating agents. However, molecular biological studies have 

shown that there are many exceptions to this simple paradigm. COX-2 has been over-

stimulated in various tumors and has been shown to play a role in carcinogenesis and 

angiogenesis.5,6 The effects of COX-2 inhibitors such as celecoxib, rofecoxib, and sulindac for 

the chemoprevention of various cancers, including colon and prostate cancers, have been 

investigated.7,8 

A similar situation for COX-1, experimental results showed a possible involvement of COX-1 in 

pain and cancer development, thereby providing a rationale for the development of selective 

COX-1 inhibitors.9 Therefore, COX enzymes are thought to be a promising therapeutic target 

for cancer.  

However, the severe side effects of COX inhibitors that can be used for this purpose indicate 

that the desired level of molecules has not been reached yet. For example, the clinical studies 

of rofecoxib, a COX-2 selective inhibitor, have recently been discontinued and it was 

withdrawn from the market because, in the treatment group, it caused cardiovascular 

diseases such as heart attack and stroke compared to the placebo group. Therefore, serious 

side effects of existing COX inhibitors have led to the need to investigate new molecules. 

Thalidomide inhibits lipopolysaccharide-induced COX-2 expression.10 In addition, it has 

recently been found that thalidomide directly inhibits COX-1 / COX-2 with comparable efficacy 

to representative drug aspirin.11 As part of our ongoing research into structural development 

as multiple templates for the discovery of thalidomide-leading molecules, we report here 

molecules that may be novel COX inhibitors, which are derived from thalidomide, focusing on 

COX-1- and COX-2-inhibitory activities. 

 

 

Results and Discussion 

General Procedure for intermediates 
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2-Aminophenol derivatives (5 mmol) were dissolved in 10 ml ethanol and diethyloxalate (7.5 

mmol) was added to the reaction mixture. The mixture was refluxed for 6 hours and reaction 

completion was controlled with the TLC method. The reaction flask was cooled to room 

temperature, after observing that the starting material was finished. The solidification occurs 

in the solution reaching the room temperature and precipitate was filtered and washed 10 ml 

ethanol. The obtained solid material was dried in over 60°C overnight. All of the obtained 

compounds templates without any purification. 

General Procedure for Diisopropyloxalamide derivatives 

 

The obtained intermediates (0.5 mmol) were dissolved in 7 ml dry THF (tetrahydrofuran) by 

heating and diisopropylamine amine (1.2 mmol) was added to reaction mixture. The reaction 

flask was heated from room temperature to 50-60°C and reaction completion was controlled 

with TLC method. The reaction mixture was cooled to room temperatureand evaporated for 

under vacuum. The obtained gel material was washed with diethylether to get solid material. 

All of the compounds were purified with column chromatography (n-hexane:ethylacetate, 

5:1). 

N1-(2-hydroxy-4-nitrophenyl)- N2,N2—diisopropyloxalamide 
Orange solid, mp: 235-240°C decomp, Yield: 92%. 1H NMR (400 
MHz, d6-DMSO) δ = 10.35 (bs, 1H, OH), 8.43 (d, J=8.89 Hz, 1H, Ar-
H), 7.75-7.70 (m, 2H, Ar-H), 3.33 (h, J=6.49 Hz, 2H, -CH-), 1.20 (d, 
J=6.49 Hz, 12H, -CH3).13C NMR (100 MHz, d6-DMSO) δ= 163.4, 
162.3, 146.9, 142.5, 133.8, 117.2, 115.8, 109.2, 46.6, 19.2. 
N1-(2-hydroxy-4-methylphenyl)- N2,N2-diisopropyloxalamide 
Gray solid, mp:206-209°C, Yield: 79%. 1H NMR (400 MHz, d6-
DMSO) δ =9.92 (bs, 1H, -NH), 8.72 (bs, 1H, -OH), 8.03 (d, J=8.24 
Hz, 1H, Ar-H), 6.66 (d, J=1.41 Hz, 1H, Ar-H), 6.55 (dd, J=1.41, 
J=8.24 Hz, 1H, Ar-H), 3.32 (h, J=6.47 Hz, 2H, -CH), 2.16 (s, 3H, Ar-



 

 
 

                                 
 

 

 

Mirage Park Resort, 27 February – 01 March, 2020,  Kemer, ANTALYA 
 

CH3), 1.19 (d, J=6.47 Hz, 12H, -CH3). 13C NMR (100 MHz, d6-DMSO) δ= 163.2, 163.0, 146.4, 
132.8, 124.7, 119.8, 118.7, 155.8, 46.5, 21.2, 19.2. 
N1-(5-chloro-2-hydroxyphenyl)-N2,N2-diisopropyloxalamide 

Dark yellow solid, mp:203-205°C decomp., Yield: 86%. 1H NMR 
(400 MHz, d6-DMSO) δ = 10.04 (s, 1H, -NH), 9.26 (bs, 1H, -OH), 8.27 
(d, J=2.38 Hz, 1H, Ar-H), 6.93-6.88 (m, 2H, Ar-H), 3.31 (h, J=6.49 Hz, 
2H, -CH), 1.19 (d, J=6.49 Hz, 12H, -CH3). 13C NMR (100 MHz, d6-
DMSO) δ= 163.0, 162.7, 145.9, 128.1, 123.2, 122.4, 117.9, 116.1, 

46.5, 19.2. 
N1-(2-hydroxyphenyl)- N2,N2-diisopropyloxalamide 
 

White solid, mp:204-205°C, Yield: 69%. 1H NMR (400 MHz, d6-DMSO) δ 
= 10.00 (s, 1H, -NH), 8.78 (bs, 1H, -OH), 8.18 (d, J=7.65 Hz, 1H, Ar-H), 
6.90-6.79 (m, 2H, Ar-H), 6.77-6.69 (m, 1H, Ar-H), 3.33 (bs, 1H, -CH), 1.20 
(bs, 12H, -CH3). 13C NMR (100 MHz, d6-DMSO) δ= 163.2, 163.0, 146.5, 

127.1, 123.7, 119.4, 118.8, 115.1, 46.5, 19.2. 
 

We have designed and synthesized new thalidomide-like derivatives based on our previous 

studies.12 We performed in silico studies since different substituted diisopropyloxalamide 

derivatives may be effective in COX inhibition. We designed molecular docking studies to 

understand the ligand-protein interactions in detail (PDB code: 1CX2). By molecular docking 

studies with COX-2 inhibition, this showed that these compounds present the pharmacophoric 

requisites for COX-2 inhibition. 

According to the docking results, our ligand, COX-2 active region in co-crystalline celecoxib 

analog in interaction with the enzyme's active residues Trp387, Try385 and Val523 with van 

der Waals interaction, TYR355 and hydrogen bonding was observed.  

By substituting the phenyl group on the molecule, it is possible to interact simultaneously with 

His90 and Arg513, which can specifically inhibit COX-2. 

Indeed molecular docking studies further supported the potent inhibitory activity of these 

molecules and further help understanding the various interactions between the ligands and 

enzyme active sites in detail and thereby helped to design novel potent inhibitors. 
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Scheme 1. 3D and 2D interactions between diisopropyloxalamide derivative and active side of the 

enzyme (PDB: 1CX2) 
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Abstract   

In this study, highly effective zincoxide metal nano particles electrodeposited by 
chronoamperometry on multi-walled carbon nanotube and polycresol red film based 
composite modified surfaces were prepared onto glassy carbon electrode and after the 
examination of morphological, chemical and electrical properties of these modified 
electrodes, the electrochemical behavior of melatonin and caffeine was investigated at 
different pHs. Moreover, when the behavior of all electrodes in the presence of  melatonin 
and caffeine were investigated in pH 7.00 phosphate buffer solutions. A highest 
electrocatalytic activity was observed on zincoxide-multi-walled carbon nanotube-polycresol 
red composite electrode (ZnO/MWCNT/PCR/GCE) for both melatonin and caffeine. 

 Regarding to the formation of polycresol on the electrode surface, cresol red concentration 
and number of cyclic voltammetric cycles were optimized. Then, zincoxide optimization 
parameters such as concentration, deposition of potential and deposition time were studied 
respectively. After the optimization of experimental conditions, experimental studies for the 
sensitive detection of melatonin and caffeine were highlighted utilizing at bare GC, PCR/GC, 
MWCNT/PCR/GC, MWCNT/GC, ZnO/MWCNT/GC  ZnO/MWCNT/PCR/GC electrodes by 
performing differential pulse voltammetry technique and when the obtained data was 
compared to each other, the ZnO/MWCNT/PCR/GC composite electrode has the highest 
activity towards melatonin and caffeine and linear range was found to be 4.0x10-8 M– 4.0x10-

7 M, while the limit of detection was calculated as 1.38x10-8 M and 1.33x10-8 M (S/N=3). 

Keywords  

Melatonin and caffeine, multi-walled carbon nanotube, conductive polymer, polycresol red, metal nanoparticles 

Introduction   

Preparation and application of nano-sized materials in different fields of science and 

technology have been greatly studied due to their unique optical, electrical, catalytic and 

magnetic properties of these materials. The materials have also high specific area, subtle 

electronic characteristics, strong adsorptive ability and promote the electron-transfer 

reactions of electroactive molecules. The increasing surface area to volume ratio provides to 
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an enhancement  in the superiority of the surface atoms of the nanoparticles over those in its 

inside structure.[1] 

Conducting polymers are conjugated polymers, namely organic compounds that have an 

extended π- orbital system, through which electrons can move from one end of the polymer 

chain to the other. The most important attributes such as good intrinsic conductivity, fast 

kinetics of the electrochemical processes, lower preparation costs, formation of 

homogenously porous film have been shown to be a promising  

class of electrode materials.[2] 

Carbon nanotubes have received increasing attention due to their unique properties such as 
high surface area, significant electrical conductivity, thermal stability, extremely high 
mechanical strength and good chemical stability. SWCNTs are composed of a single layer of 
graphene rolled into a tube.[3] SWCNTs are single walled carbon nanotubes about 1 nm in 
diameter with micrometer-scale lengths. The electrical conductivity of SWCNTs  depends on 
their chirality and diameter while for MWCNTs such dependence is not observed. MWCNTs 
are formed from composed of a mixture of cylindrical tubes. MWNTs are multiwalled carbon 
nanotubes with an inner diameter of about 2 to 10 nm, an outer diameter of 20 to 70 nm, and 
a length of about 50 µm. MWCNT has high mechanical strength, chemical  inertness  and  high  
electrical  conductivity. [4-5] 

Metal Nano Particles modified electrodes have been used in modern chemical research due 
to their unique electrical, magnetic, optical and other properties   to improve catalytic   activity   
and   the   analytical   sensitivity and selectivity. However, the MNPs at the electrode surface 
can fragile in the absence of stabilizing conductive materials. To solve this problem, in the first 
step, the electrode surface can be modified with some conductive stabilizing materials; such 
as; polymers and carbon nanotubes. On the other hand to increase the catalytic activity of 
metal oxides for electrochemical reactions, the composite materials have been prepared with 
combination of carbon based materials metal oxides and metal nano particles due to a 
synergetic effect at the interface between the metal oxide and  metal nanoparticles into 
composite.[6]  

There are two main goals of this study; The first aim was to design various composite 
electrodes, which prepared by composition of conducting polymer and multiwalled carbon 
nanotubes on glassy carbon electrodes (GCE) and then modified by various metal/metal 
oxides for electrocatalytic oxidation of melatonin and caffeine.   A series of optimization 
studies were performed by changing the concentration of cresol red monomer, cycle number, 
amount of carbon nanotube, concentration metal ions, type of supporting electrolyte and 
concentration of electrolyte using cyclic voltammetry, chronoamperometry to obtain the best 
catalytic active electrode surfaces. The second goal of this study was characterized the 
chemical, morfological and electrical properties of the composite electrodes by cyclic 
voltammetry (CV), X-ray photoelectron spectroscopy (XPS), Scanning Electron Microscope 
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(SEM), Energy Dispersive X-Ray Spectroscopy (EDX) and Electrochemical Impedance 
spectroscopy (EIS).   

Results and Discussion   

Preparation of Polycresol Red Film Modified Electrode 

Electrochemical polymerization of cresol red was carried out in 0.1 M  pH: 7.00  PBS solution 
containing (5.0x10-4 M) cresol red by cycling the potential from -1.1 to 2.0 V vs. Ag/AgCl 
(sat.KCl) at a scan rate of 100 mV/s for 5 cycles.  

Pre-treatment of Multiwalled Carbon Nanotubes 

0.04 grams of weighed CNT is treated with 8 mL of concentrated nitric acid and then boiled 
together until the acid is evaporated. After that washed several times with ultra pure water 
and keep to dry at 60 °C in oven. The 15 mg acid-treated MWCNT are dispersed in ultrasonic 
bath for 30 min in 2 mL DMF untill homogeneous suspension would be achieved. 

Preparation of MWCNT Modified PCR/GCE 

After polycresol red film was formed by electro-polymerization on the electrode surface, 10 
microliters of pre-conditioned multi-walled carbon nanotubes were dropped onto the PCR/GC 
electrode surface.The electrode was held for about half an hour in an oven set at 60°C to 
evaporate the DMF solution in which the multi-walled carbon nanotube was suspended. After 
that various metal nanoparticles were  modified at MWCNT/PCR/GCE by cyclic voltammetry 
and chronoamperometric method. 

Characterization of Composite Electrodes 

The chemical and electrochemical characterization  of all electrodes was highlighted using by 
X-ray photoelectron spectroscopy (XPS) and Electrochemical impedance spectroscopy (EIS), 
Cyclic voltammetry (CV) and with Electron microscopies (SEM-EDX). 

Voltammetric Behaviour of Melatonin and Caffeine at Bare and All Modified Electrodes 

In this step, in detail effect of supporting electrolyte, the effect of cresol red concentration, 
optimization study for the number of cycles of cresol red, the effect of zinc sulfate 
concentration on melatonin and caffeine oxidation of ZnO nanoparticle formation, the effect 
of deposition potentials of ZnO particles, optimization study for the different deposition time 
of the ZnO nanoparticles on MWCNT/PCR/GC electrode surface, effect of potentail scan rate 
on electrochemical  behavior of melatonin and caffeine at ZnO / MWCNT / PCR / GCE were 
studied respectively. 
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Differential Pulse Voltammetric Determination of Melatonin and Caffeine 

Determination of melatonin and caffeine under individual and simultaneous conditions is of 
great significance in the area of pharmacy and medicine as well as electrochemical analysis. 
Differential pulse voltammetry technique allows more sensitive analysis of melatonin and 
caffeine compared to cyclic voltammetry technique. DPV has been used in experimental 
studies because the peak currents obtained were determined very well even at low 
concentrations. The optimization studies for melatonin and caffeine were firstly studied with 
DPV in the case of each species separately. The effect of different amplitute and different scan rate 
in DPV were performed for 1.0x10-5 M melatonin and 1.0x10-5 M. 

Interference Studies 

In this study, the effects of interference in the presence of melatonin and caffein were added 
to the solutions containing different organic and inorganic molecules. The anions and cations 
that can affect the interference positively or negatively interact with the atoms in the 
molecular structure of melatonin and caffeine. For example the different types of organic 
molecules for example ascorbic acid, seratonin, uric acid, dopamine and different anions and 
cations can be studied in medicinal drugs and within biologic fluid samples in order to 
presented on ZnO/MWCNT/PCR/GCE under optimized conditions. 

Reproducibility, Repeatability and Stability of ZnO/MWCNT/PCR/GCE 

Reproducibility, repeatability, and stability studies of ZnO/MWCNT/PCR/GCE were 
interpreted for electrochemical behaviour of both melatonin and caffeine. For these studies, 
five different ZnO/MWCNT/PCR/GCEs were prepared for investigation of melatonin and 
caffeine DPV behaviour to test the reproducibility of the modified electrode. 

Individual Real Sample Analysis for Melatonin and Caffeine 

The fabricated electrode and developed method were applied to pharmaceutical preparate 
and commercial coffee to determine the content of melatonin and caffeine respectively.   

Conclusions 
         In this work, the electrochemical behaviour of melatonin and caffeine were investigated 
in pH 7.00, (0.1 M) PBS by CV and DPV at different  electrodes. 
 The obtained results at ZnO/MWCNT/PCR/GC electrode were compared with GCE, PCR/GCE, 
MWCNT/GCE, MWCNT/PCR/GCE and ZnO/MWCNT/GCE. The best catalytic activity and 
selectivity for determination of melatonin and caffeine was obtained at ZnO/MWCNT/PCR/GC 
electrode. Acetate buffer and different acidic solutions studied for selective determination of 
melatonin and caffeine that best peak separation and high peak currents were obtained at 0.1 
M pH 7.00, PB solution. As the results of studies,  detection limits for individual determination 
of melatonin and caffeine were founded as 3.3x10-9 M ve 2.0x10-8 M, separately. The limit of 
detection values for simultanious determination of melatonin and caffeine were calculated as 
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1.38x10-8 M and 1.33x10-8 M, respectively. Remarkably of enhanced voltammetric signal of 
melatonin and caffeine oxidation the modified electrode can be attributed increasing 
conductivity and effective surface area electrode which can be played important role to 
accelerate the electron transfer. The modified ZnO/MWCNT/PCR/GCE can be used for the fast, 
cheap and selective determination of melatonin and caffeine. The general results show that 
ZnO/MWCNT composition with electropolimerization of PCR on GCE could be generated the 
catalytically active surface for melatonin and caffeine.  Further experiments are now underway to 
confirm this hypothesis. 

Acknowledgement: As a result of these studies, articles are expected to be published in international scientific 
journals. In addition, the results will be presented as oral and poster presentations in various national and 
international congresses. The results will provide insight, knowledge and trained manpower for new projects. 
 

References 
1) Abid, A.D.; Anderson, D.S.; Das, G.K.; Winkle, L.S.V.; Kennedy, I.M. Particle and Fibre 
Toxicology, 2013, 10(1), 10. 
2) Thanh-Hai, L.; Yukyung, K.; Hyeonseok, Y. Polymers ,2017, 9, 150. 
3) Iijima, S. Nature ,1991, 354, 56-58. 
4) Ajayan, P. M.; Charlier, J. -C.; Rinzler, A. G. PNAS, 1999, 25(96), 14199-14200. 
5) Sinnot, S. B.; Andrews, R. Solid State Mater. Sci., 2001, 26(3), 145-249. 
6) Eskhult, J. Dig Comp. Summaries of Uppsala Dissertations from the Faculty of Science and 
Technology, 2007, 336, 54. 

 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 

 
 

                                 
 

 

 

Mirage Park Resort, 27 February – 01 March, 2020,  Kemer, ANTALYA 
 

Development of Practical Electrochemical System for 
Phenytoin Detection 

Tansu Doğana, Zekerya Dursuna and Ülkü Anıkb 

a Ege University, Faculty of Science, Chemistry Department, 35100 Bornova ,İzmir, Turkey 

  b Muğla Sıtkı Koçman University, Faculty of Science, Chemistry Department, 48000 Kötekli/ Muğla 

tansudgn@hotmail.com 

Abstract   

In this work a practical electrochemical approach has been developed by using gold (Au)-film 
electrode for phenytoin detection. The formation of Au-film was monitored by using scanning 
electron microscopy, energy dispersive X-ray spectroscopy and X-ray photoelectron 
spectroscopy techniques. After the electrochemical characterization, the experimental 
conditions were optimized and then the analytical characterizations were examined. As a 
result, two linear ranges were found between 5x10-7 M and 2x10-4 M with the limit of 
detection and limit of quantification values as 0.302 μM and 1.013 μM respectively. The 
developed system was applied for phenytoin detection in synthetically prepared plasma 
solution and as a result recovery value  as 99.5% ±0.056 was obtained. 

Keywords  

Au-film, electrochemical techniques, phenytoin, synthetic plasma solution 

Introduction   

Discovered by Bayer in 1861,[1] imidazolidine-2,4-dione ring (hydantoin) and its derivatives 
become pharmacologically very essential for the treatment of diseases like high blood 
pressure, cancer pain and attention deficit hyperactivity disorder. Besides these, it has been 
known that the derivatives of hydantoin are also anticonvulsants that have been extensively 
preferred for the treatment of epilepsy. Based on the substituents onto the heterocyclic ring, 
they can be functionalized and utilized as antibacterial and antifungal agents, free radical 
scavengers, serotonin and fibrinogen receptor antagonists, antiproliferative agents and 
skeletal muscle relaxants.[2–7]  
             As one of the hydantoin derivative, phenytoin (5,5-diphenylhydantoin or dilantin) is a 
kind of anticonvulsant and antiarrhythmic agent that has been extensively used in the 
treatment of many types of epileptic disorders.[8] Besides this, based on the examinations 
about this drug in terms of its potential uses and mechanisms, it has been found that 
phenytoin could be used for the treatment of more than a hundred illnesses.[8] Phenytoin that 
is introduced into the body, inclines to bind excessively plasma proteins, mostly albumin. Also, 
it shows a concentration dependent metabolism in the range of therapeutic levels in 
cerebrospinal fluid that corresponds with the unbound concentration in plasma.[10–13] 
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          The effect of phenytoin depends on some variables like the existence of other diseases 
and by concurrently administered drugs.[14] On the other hand, it has been exhibited that the 
unbound level of plasma phenytoin relates with the toxic effects of the drug.[15] For this 
reason, it is necessary to monitor the total plasma/serum concentration of the phenytoin in 
the body.  
           Up to now, many methods including chromatography, electrophoresis and 
immunoassay based techniques have been applied for the detection of hydantoins.[16–20] 
However since these methods are laborious, expensive and needed specialists to be 
conducted, more practical and economical methods like electrochemical methods are 
needed.[21] The literature survey demonstrated that there are two electrochemical based 
methods for the examination of phenytoin.[9,21]  
           In the first study, where glassy carbon electrode (GCE) has been utilized as a working 
electrode, oxidation mechanisms of some hydantoin derivatives has been proposed which 
allow us to understand the important aspects of structure-activity relationships.[21]  
            In another work, gold (Au) electrode was used and electrochemical characterization of 
phenytoin and its derivatives were done where obtained results were supported by 
computational study. In this context a calibration graph was also provided.[9] However, an 
approach that includes the practical determination of phenytoin that has the potential to be 
converted into point of care system has not yet been proposed. In this sense, electrochemical 
methods could be one of the best candidate since they are practical, sensitive and economical 
methods. On the other hand, considering the electrochemical applications, it has been well 
known that phenytoin and its oxidized product tend to strongly be adsorbed onto the Au 
electrodes which can be a real problem for practical detection of this compound.[21]  
            For this reason, in this work, we prepared a Au film electrode and aim to fabricate a 
practical system that can be used for feasible detection of phenytoin. After we optimized the 
experimental conditions like pH, we examined the electrochemical mechanism of the 
developed system and then analytical characteristics were investigated. Lastly, we applied the 
developed electrode for phenytoin detection in synthetically prepared plasma solution. 
Results and Discussion   
1. Electrochemical response of phenytoin on Au-film electrode 
 
           As mentioned above, the main aim of this study is to develop a practical approach for 
the detection of phenytoin. It was reported before, under the proper pH value Au electrode 
was very useful for the detection of this compound.[8] On the other hand, it has also been 
known that, phenytoin and its oxidized product tend to be adsorbed strongly onto the Au 
electrode and this phenomenon is attributed to the formation of Au complexes.[22] For this 
reason, insight of these findings, we decided to use Au-film electrodes for the determination 
of phenytoin. 
 
2. Characterization of Au-film Electrode 
2.1. Optical Characterization 
For optical characterization scanning electron microscopy (SEM) and energy dispersive X-ray 
spectroscopy (EDX) and X-ray photoelectron spectroscopy (XPS) studies were conducted. 
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there is a big difference between the SEM images of bare GCE and Au-film on GCE proving the 
successful Au film formation. In order to characterize the chemical structure of the Au 
film on GCE, Au 4f photoemission core-level spectra were studied. The Au 4f spectrum 
resolved into two spin-orbit components (Au 4f5/2 and Au 4f7/2) of Au film on GCE surface. The 
peaks of Au 4f7/2 were observed at 84.10 eV and 87.8 eV. The doublets were corresponded to 
the metallic Au.[24] 
2.2. Electrochemical Characterization 
         In order to enlighten the electrochemical behavior of phenytoin, cyclic voltammograms 
(CVs) were recorded at the scan rates between 10 to 500 mV/s. from I (μA) vs. square root of 
scan rates, it can be said that the mechanism migt be semilinear diffusion controlled between 

the scan rates of 10–100 mV/s. 

           In XPS survey spectrum, additional three peaks were observed at 400.5 eV for nitrogen, 
533 eV for oxygen and 285.2 eV for carbon species. The presence of N, O and C species on the 
Au surface could be revealed the adsorption of phenytoin on the Au film electrode. 
3. Optimization of Experimental Parameters 
3.1. pH Optimization 
          The influence of pH on the peak currents of 5x10-5 M phenytoin was investigated at Au 
film on GCE by DPV techniques in the pH range of 11.92-12.83. The highest current value was 
obtained at pH 12.70. with 0.05 M NaOH solution. Three different supporting electrolytes 
namely phosphate buffer system, NaHCO3 and Britton-Rabinson were also tried. However 
since best current values were obtained with NaOH at higher pH values, this supporting 
electrolyte was preferred throughout the experiments. 
 
3.4. Analytical Characteristics and Sample Application 
         After the optimization of pH, the calibration graph was obtained. The linear range is 
between 5x10-7 M to 2x10-4 M phenytoin with equation of i(μA)=0.077Cphenytoin(μM)-0.045 
and correlation coefficient of R2= 0.997. The relative standard deviation (RSD) value was 
calculated for 10-5 M phenytoin (n=5) and found as 3.57%. The limit of detection (LOD) and 
limit of quantification (LOQ) values were also calculated and found as 0.302 μM and 1.013 μM 
respectively. 
            Au-film electrode was also applied for phenytoin detection in synthetically prepared 
sample solution. After preparing synthetic plasma solution as described in experimental 
section, 1 x 10<M->5M phenytoin solution was added in this solution. As a result 99.55% ± 0.056 
was obtained as the recovery value. The recovery value was in accordance with the usage of 
this electrode for phenytoin detection without influenced by the matrix effect of the solution. 
 
Conclusions 
           Another electrochemical approach was developed for the detection of phenytoin. In 
order to provide practicality and increasing the sensitivity, Au-film electrode was preferred. 
The pH effect was investigated to obtain the highest current value. In the last part, in order to 
observe the applicability of the developed system, Au-film electrode has been applied for the 
phenytoin detection in synthetically prepared plasma solution. From the recovery value, it can 
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be concluded that the electrode can easily be applied for phenytoin detection without 
influencing from any matrix effect. 
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Abstract  

The Claisen-Schmidt condensation reaction was used for the synthesis of bis-chalcone 
derivatives. Reaction of ketone derivatives 2 and 11 with related aldehydes, bis-chalcone 
derivatives were obtained. It is known that fluoro atom has positive effects on anticancer 
activity, for this purpose especially fluoro substitued benzaldehyde derivatives was used. Four 
new fluoro substituted bis-chalcone derivatives were synthesized and their anticancer activity 
was determined against human colorectal adenocarcinoma cells (Caco-2), human breast 
cancer cells (MDA-MB231), rattus pheochromocytoma (PC12) and mouse healthy fibroblast 
cells (NIH3T3) and IC50 concentrations of the compounds, and cell viability was determined by 
MTT assay. 

Keywords: Anticancer activity, Bis-chalcone, Claisen Schmidt, MTT assay 

 
Introduction  

Chalcones contain α,β-unsaturated ketone in their structure. α,β-Unsaturated ketone are 

biogenetic precursors of flavonoids in higher plants. Compounds containing α,β-unsaturated 

ketone units in structure display a wide range of pharmacological properties.1 The compounds 

containing two chalcone (two α,β-unsaturated ketone system) units in a single structure are 

called bis-chalcones.  

The bis-chalcones also exhibit a broad variety of biological properties. Some bis-chalcone 

analogs have been reported to be potent NO production inhibitors and cytotoxic agents 

against four human cancer cell lines (A549, DU145, KB and KB-VIN). The biphenyl-based bis-
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chalcones have been reported to have an anticancer activity against MCF-7 and MDA-MB 231, 

HeLa, and human embryonic kidney (HEK-293) cells.2 

Fluorine atom containing compounds play an important role in medical chemistry, chemical 

biology and drug discovery. The properties that make fluorine appealing may include the small 

atomic radius, high electronegativity and low polarization of the C-F bond.  In light of all this 

information, it can be said that the anticancer agents containing fluorine can act as targeted 

molecular missile warheads. Therefore, we synthesized fluorine containing bis- chalcone 

derivatives and their anticancer properties were investigated against four different cancer cell 

lines. 

Results and Discussion  

Chemistry 

The reaction of 1,3,5-trimethoxy benzene with acetyl chloride and AlCl3 diketone derivative 1 

compound was obtained than mono hydroxy group in molecule 1 converted to methoxy 

derivative with DMS and K2CO3. Bis-chalcone derivatives (3-6) compounds were synthesized 

from the reaction of the starting compound 2 with the corresponding aldehydes. (R: H, 2F, 3F, 

4F) (Scheme 1). 

 

Scheme 1: Synthesis method for compounds (3-6) 

Biological Assay  

MTT Cell Viability Study 

The viability of the cells were assessed by MTT [(3,4,5-dimethylthiazol-2-yl)-2-5-

diphenyltetrazolium bromide] assay, which is based on the reduction of MTT by the 

mitochondrial dehydrogenase of intact cells to a purple formazan product. Yellow MTT is 

reduced to purple formazan in the mitochondria of living cells. This reduction takes place only 
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when mitochondrial reductase enzymes are active, and therefore, the conversion can be 

directly related to the number of viable (living) cells.3 

In order to obtain IC50 concentrations of the compounds, cell viability was determined by MTT 

assay. In short, cells were grown in 96-well plates at a density of 5×103 cells per well and 

subjected to different compound concentrations (500, 250, 125, 62.5 and 31.25 µM). After 24 

h incubation, MTT solution was added to wells to reach a final concentration of 0.5 mg/mL. 

The cells were incubated for another 4 h and then current medium was removed and 100 µL 

of DMSO solution was added. The absorbance values were measured at 540 nm using a 

Cytation 3 Cell Imaging Multi-Mode Reader (Bio-Tek). Cell survival rates were expressed as the 

percentage of the DMSO (0.1%) solvent control and IC50 concentrations were calculated 

according to the analysis result. 

Anticancer activities the synthesis of compounds (3-6) were determined in Caco-2 human 

colorectal adenocarcinoma cells (ATCC number HTB-37™), MDA-MB231 human breast cancer 

cells (ATCC number HTB-26™), PC12 rattus pheochromocytoma (ATCC number CRL-1721™), 

and NIH3T3 mouse healthy fibroblast cells (ATCC number CRL-1658™) cell lines. In order to 

obtain IC50 concentrations of the compounds, cell viability was determined by MTT assay. 

 
Table 1: Cytotoxicity of compounds 3-6 and tamoxifen against NIH3T3, Caco-2 and MDA-

MB231 and PC12 cells as IC50 values (μM). 

 

Compounds IC50 values (µM) 

NIH3T3 Caco-
2 

MDA-MB231 PC12 

3 >500 >500 >500 21.05 

4 >500 74.2 43.33 129 

5 >500 142.5 >500 429.33 

6 >500 114 >500 >500 

Tamoxifen 73.4 25.75 105.87 146.63 
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Conclusion 

In summary, the series of new bischalcone derivatives were efficiently synthesized starting 

from trimethoxybenzen with related benzaldehydes by Clasien Schmidt reaction (Scheme 1). 

In this study, we identified bischalcone derivatives that induced antiproliferative activity 

against cancer cell lines (Caco-2, MDA-MB231, PC12, and NIH3T3).  

Compound 4 showed significant cytotoxic activity in vitro, comparable to the standard drug 

tamoxifen. In particular, the action of the compound 4 does not affect the viability of mouse 

healthy fibroblast cells at >500 µM, exhibiting a unique activity profile. The anticancer activity 

showed by these compounds may be of interest for further in vivo studies anticancer agents. 
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Abstract  

In this work 3,5-diarylisoxazole derivatives was synthesized. The isoxazole precursor chalcone 
compounds were obtained by the Claisen Schmidt condensation reaction. Later, these 
chalcone derivatives were converted to isoxazole derivatives with TsNHOH reagent. Initially 
investigated the effects of the 3,5-diarylisoxazole compounds proliferation capacity of PC3 
cells as an in vitro cancer model and PNT1a cells as corresponding normal control cells. 
Compound 26 distinguished from other compounds with a quite high specificity value that is 
comparable to 5-FU. 

Keywords: Chalcone, İsoxazole, Claisen Schmidt 

 
Introduction  

Cancer is the second leading cause of death globally, and is responsible for an estimated 9.6 

million deaths in 2018. Globally, about 1 in 6 deaths is due to cancer. Prostate cancer is one 

of the most common types of cancer in men. According to biological and epidemiological data, 

the risk, aggressiveness, and prognosis of prostate cancer changes greatly depending on 

factors such as race, ethnicity and geography.1 

Chalcones comprise a characteristic framework of 1,3-diaryl-2-propen-1-one. Several natural 

and synthetic chalcones have shown anti-cancer activity due to their inhibitory potential 

against various targets. They have been heralded as promising anti cancer drugs and have 

received much attention in the field of cancer research and drug development.2 

https://www.sciencedirect.com/topics/pharmacology-toxicology-and-pharmaceutical-science/chalcone-derivative
https://www.sciencedirect.com/topics/biochemistry-genetics-and-molecular-biology/antineoplastic-activity
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Heterocyclic chemistry is an important tool for the search of new active substances in 

biological applications. One of the most interesting heterocyclic ring is isoxazole, which is a 

five-membered ring containing oxygen and nitrogen atoms.3 

 

Figure 1. Some 3,5-disubstituted isoxazoles with biological properties. 

 
Results and Discussion   

In this study, we pursued the construction of 3,5-diarylsubstituted isoxazoles for the 

construction of a new drug-like and their evaluation of biological activities towards different 

cancer cell lines. The general structure of the synthesized compounds is shown in Figure 2.   

N O

R1 R2

R1 = OMe R2 = H, F, Cl, Br, NO2  

Figure 2. General structure of synthesized compounds. 

Chalcone derivatives (13-23) were synthesis with Claisen-Schmidt condensation reaction of 

related benzaldehydes (2-12) and trimethoxyacetophenone (1)4.  Then, reaction of chalcone 

derivatives (13-23) with tosylhydroxylamine in the presence of K2CO3 and H2O in MeOH 

afforded the isoxazole derivatives (24-34) in 10 - 60% yields. The newly synthesized target 

compounds 24-34 were characterized using IR, 1H and 13C NMR as well as elemental analysis. 
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Scheme 1. General synthetic procedure.  

Biological evaluation 

We initially investigated the effects of the compounds on the proliferation capacity of PC3 

cells as an in vitro cancer model and PNT1a cells as corresponding normal control cells. 

Compounds 26, 32, 27, 29, 25, 34, 28, and 24 in the order of the specificity values from higher 

to smaller, killed cancer cells more effectively compared to normal prostate epithelial  

cells, which implies their selective inhibitory potential against cancer cells (Figure 3 A-D). 

However, compounds 33, 30, and 31 lack such specificity against cancer cells with specificity  

values less than 1. Interestingly, compound 26 distinguished from other compounds with a 

quite high specificity value that is comparable to 5-FU. Table 1 demonstrates the specificity of 

all 9 compounds and 5-FU toward cancerous PC3 cells and non-tumorigenic PNT1a cells. 
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Figure 3. Relative viability of PC3 and PNT1a cells treated with compounds or 5-FU 

 

 

 

 

Table 1. IC50 and specificity values of compounds tested on PC3 and PNT1a cells 

  IC50 Specificity 

IC50 (μM) PNT1a PC3 PC3 

GA-3 3.393 2.616 1.297018349 

GA-10 119.455 15.893 7.516202102 

GA-16 5.998 3.639 1.648255015 

GA-29 15.616 11.071 1.410532021 

GA-39 20.88 7.634 2.735132303 

GA-78 4.317 14.872 0.290277031 
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GA-81 20.32 34.371 0.591196066 

GA-82 12.841 5.394 2.380608083 

GA-83 6.13 6.308 0.971781864 

GA-100 7.253 3.769 1.924383125 

GA-111 9.633 6.883 1.399535086 

5-FU 10.101 1.72 5.872674419 

 

Acknowledgement: The authors would like to thank the TUBITAK for their financial support (Grant 

No:119S045) 
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Abstract  

In many plants and natural products commonly found Chalcone compound structure 

(Figure1), in many organic synthesis reactions. It constitutes the main structure body for the 

target molecule to be synthesized. The property of the compounds structure and because of 

their wide range of biological activities has been the subject of many fields of study for 

scientists in recent years.   

Keywords: Biological-Activity, Chalcones, Derivatives, Cytotoxicity  

 

Introduction  

Chalcone compounds as structure, it consists of open chain flavonoids where two aromatic 

rings are combined with the α, β unsaturated carbonyl system. Chalcone compounds with the 

change of the groups added to the main skeleton structure in general, antitumor1, antifungal2, 

antiprotozoal3, antimitotic4, antivirus5 They are known to have a large number of biological 

activities, including their properties. Chalcones and their derivatives are, in addition to 

cytotoxic/anticancer activities6–8, antituberculosis10, anti-inflammatory11, antigout12, 

antihistamine9 and it has been demonstrated that it exhibits carbonic anhydrase inhibitory 

activities10. 

In this study, it was aimed to synthesize new chalcone derivatives, which have different 

heteroatoms, to clarify their structures with spectroscopic methods and investigate their 

biological activities. 
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Figure1. General Diarylchalcone Structure. 

The chalcone compounds (1-3) were synthesized by Claisen-Schmidt condensation using 

benzo[d][1,3]dioxole-5-carbaldehyde and suitable ketones (acetylpyridine, furan and 

thiophene) Figure 2. 

 

 

Figure2. Synthesized Chalcone Compounds. 

 

 

After purification the structure of synthesized compounds were tried to be clarified by using 

NMR spectroscopy. NMR spectroscopy; chemistry, chemical engineering, environment, 

pharmacy, medicine, cosmetics industry are science fields like It is one of the most common 

and reliable methods used by science fields such as. 
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In NMR study 5-20 mg of the respective compounds (1-3) were dissolved in 0.5 ml of DMSO-

d6 in a 5 mM Wilmad NMR tube to prepare samples, NMR studies were performed on a Bruker 

400 MHz NMR spectra were recorded. NMR spectra were recorded using the VTU Dynamic 

NMR technique and TopSpin 2.1 software program at a range of 298 to 348 Kelvin.  

The proton, carbon atoms of compounds were completely assigned by (1D and 2D) 

dimensional homonuclear and heteronuclear experiments such as 1H NMR, 13C NMR, APT, 

DEPT-90, DEPT-135, COSY,  HMQC and HMBC.  

With the information obtained, various structural properties of the compounds, bonds in the 

molecular structure and dynamic balance between molecules, electron delocalization was 

illuminated. 

Results and Discussion:  

When the NMR spectra of the compounds were examined, it seen that the protons and carbon 

signals in the structure are compatible. The proton and carbon correlations was done with 1D 

and 2D and Dynamic NMR techniques. Interactions of protons belonging to carbons with 

themselves or protons of neighboring carbons were detected. In the light of the information 

obtained, conformational structures of the compounds were determined. The effects of 

electron attracting groups on chemical shift points were investigated.   

Acknowledgement: We are grateful to Atatürk University and Department of Chemistry for 

supporting this work. 
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Abstract  

In this study, bis-chalcone derivatives having methoxy functional groups in A ring and fluorine 

at different positions in B ring were synthesized by Claisen-Schmidt condensation. The 

proliferation effects of the compounds were evaluated against MCF-7 cells using the 

xCELLigence system. xCELLigence system revealed that the 5a has significant potential to 

suppress  cell proliferation in human MCF-7 breast cancer cell line. 

Keywords: Bis-chalcone, Synthesis, Fluorine, MCF-7  

Introduction  

Chalcones often contain poly-hydroxy groups in their aromatic ring. The free radical 

extinguishing properties of these phenolic groups have caused much interest in the use of 

such compounds or chalcone-rich plant extracts as a medicine or as an anti-degrading agent. 

Also known as α,β-unsaturated ketones, chalcones, which constitute an important component 

of natural products, are very important biosynthetic molecules that stand out due to their 

ease in their synthetic applications. These compounds can be used as starting compounds in 

many reactions. Therefore, it is seen that quite a lot of work has been done on chalcones in 

the literature recently. As well as having a simple chemistry that provides a variety of 

substitutions with easy synthesis methods, the chalcones attract attention in terms of ease of 

access to the appropriate benzaldehyde and acetophenone derivatives.1 

Bis-chalcones are new chalcone types that are formed as a result of the interlocking of the 

chalcones. The bis-chalcones also exhibit a broad variety of biological properties. Bis-chalcone 

and its derivatives have attracted much attention in the last few years thanks to their wide 

range of applications in synthetic and pharmaceutical chemistry. 2 

In recent years, compounds containing fluorine have become common as potential lead 

drugs.3 It has been shown that the introduction of a fluorine atom into a bioactive molecule 

https://www.sciencedirect.com/topics/medicine-and-dentistry/cell-proliferation
https://www.sciencedirect.com/topics/agricultural-and-biological-sciences/cell-lines


 

 
 

                                 
 

 

 

Mirage Park Resort, 27 February – 01 March, 2020,  Kemer, ANTALYA 
 

causes minimal steric changes in the molecule and therefore facilitates their interaction with 

the enzyme active region of the biomolecule, the receptor recognition site and other biological 

systems. At the same time, it has been reported that there is a significant change in the 

physico-chemical properties of the molecule with the introduction of fluorine, which has a 

high electronegative, into the bioactive molecule.4 

Worldwide, one in seven deaths is due to cancer. Although many anti-cancer agents are 

available to effectively treat cancer types, toxicity profiles vary greatly and are difficult to 

modify. Due to the high safety profile of cancer, the demand for effective treatment of new 

molecules is increasing.5 

The aim of this study was to synthesize fluor-substituted bischalcones and investigate of their 

anticancer properties. For this, activity studies of these compounds on MCF-7 cancer cells line 

were conducted by synthesizing a series of bis-chalcone derivatives containing fluorine in 

different positions of both B-rings. The general structure of synthesized compounds is shown 

in Figure 1. 

 

Figure 1. General structure of bis-chalcone 

Results and Discussion  

Synthesis of bis-chalcone derivatives: Compound 2 was prepared from trimethoxybenzene 

(1) and acetyl chloride in the presence of AlCl3. For the synthesis of compound 3, compound 

2 and potassium carbonate were dissolved in acetone. DMS was added slowly to the mixture. 

The reaction was stirred at 60 oC for 25 hours. It was then filtered and washed with acetone. 

Water was added to the mixture and extracted with EtOAc. For this synthesis of compound 

bis-chalcones (5a-d) were prepared from compound 3 and appropriate benzaldehydes (4a-d) 

in the presence of 50% KOH solution in MeOH (Scheme 1). After a standard work-up (addition 

of NH4Cl solution and extraction with ethyl acetate), the resulting solid was purified by column 

chromatography to yield the desired products. 
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Scheme 1. General synthetic method. Reagents; (i) CH3COCl, AlCl3; (ii) K2CO3, DMS, Acetone, 

reflux; (iii) 50% KOH, MeOH, rt. 

 

Biological Part: Real time growth kinetics of MCF-7 cells was examined by the impedance-

based xCELLingence RTCA (Real-Time Cell Analysis) SP (single plate) system (Roche Diagnostic, 

Mannheim, Germany). The system monitors cellular events in real time without the 

incorporation of labels. 

  

Conclusion 

Bis-chalcone derivatives were synthesized to evaluate their antiproliferation effects. Four bis-

chalcone derivatives were synthesized by Claisen-Schmidt condensation reactions. The 

xCELLigence system was used for real-time and time-dependent analysis of the cellular 

response of MCF-7 cells. A parameter termed Cell Index (CI) was derived to represent cell 

status based on the measured electrical impedance. It was observed that a reduction in the CI 

value occurred immediately after treatment with 2.5 µg/mL, 1 µg/mL, 100 ng/mL, 10 ng/mL 

and 1 ng/mL. These data suggest that 5a, at concentrations 2.5 µg/mL, 1 µg/mL and 100 

ng/mL, initially inhibited the proliferation of MCF-7 cells. 
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miRNA’ların hastalıkların  oluşumundaki anahtar rolünü tespit etmek için her geçen gün yeni çalışmalar 
yapılmaktadır. Günümüzde clinicaltrails.gov adresinde kayıtlı onlarca miRNA aracılı tedavi denemeleri 
bulunmaktadır. En önemlisi bir skleroderma (miR-29), mezotelyoma (miR-16) ve tümör sendromu 
(miR-34) tedavisinde kullanılmak üzere güvenlik için Faz 1 safhasında test edilen üç miRNA 
bulunmaktadır. Buna ek olarak günümüzde klinikte araştırılmakta olan dört antimiR ilaç 
bulunmaktadır.  miRNA'ya karşı son dönem üretilen antisense oligonükleotidler "kilitli nükleik asit" 
(LNA) yapılarına dönüştürülmüştür ve onları RNAz bozunumundan koruyarak membranlara sokmaya 
ve hücre içi bölmelere dağıtmaya izin verir. En önemlisi, Santaris Pharma adlı ilaç şirketinde ait bir LNA-
anti-miR-122 içeren ‘miravirsen’ adlı ilaçtır. Bu ilacın hepatit C virüsüne karşı umut verici sonuçları 
olmuştur. İlacın Faz IIa çalışmaları tamamlanmış ve şu anda çok merkezli Faz IIb çalışmaları 
sürdürülmektedir. Günümüzde Regulus Therapeutics adlı ilaç şirketi anti-miR-122 geliştirmektedir 
ancak farklı olarak kilitli nükleik asit konformasyonundan ziyade N-asetilgalaktozamin ile anti-mir122 
konjugasyonuna dayanmaktadır. Bu bileşik için Faz II çalışmaları sürmektedir (1).miRNA'lar, gen 
ekspresyonunun "ana regülatörleri" olma yetenekleri nedeniyle bağımlılığının açıklanmasında umut 

verici potansiyel terapötik hedefler arasında yer almaktadır (2). Yapılan son çalışmalar, miRNA'ların 
madde bağımlılığı davranışlarının geliştirilmesi ve madde bağımlılığı kaynaklı yolağın düzenlenmesi ile 

ilişkili olduğunu göstermektedir (3). 
 
Bu çalışmada, metamfetamin bağımlısı ve kontrol grubu postmortem bireylerin ventral tegmental alan 
(VTA) ve Nukleus akümbens (NAc) bölgelerinden sağlanan RNA’lar kullanılarak miRNA-let 7b’nin qRT-
PZR yöntemi ile ekspresyon seviyesi tespit edilmiş ayrıca potansiyel miRNA düzenleyicilerini öngörmek 
için çeşitli biyoinformatik kaynaklar kullanılmıştır.  

Çalışmamızın sonuçları miRNA'ların, metamfetamin bağımlılığı ve tedavi yanıtının tahmini için 
potansiyel biyolojik belirteç olarak kullanılabileceğini göstermektedir. Araştırdığımız miRNA'lar 
bağımlılık mekanizmalarıyla ilişkilendirilmiştir ve daha ileri çalışmalar bağımlılığı için koruyucu 
stratejiler ve yeni terapötik tedavileri geliştirmek için mikroRNA’ların odak noktası olabileceğini 
düşündürmektedir. 
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The constant emergence of bacterial strains resistant to antibiotics in clinical use is a critical threat to 
public health.2 Recognition groups that selectively target bacterial cells may enhance the efficacy of 

antibiotic agents when coupled to them. Zinc(II) bisdipicolylamine 
(Zn2BDPA) complexes have emerged as efficient bacterial targeting groups 
that selectively bind to negatively charged phosphate amphiphiles (e.g. 
phosphatidylglycerol, lipoteichoic acid, and lipid A) found in bacterial cell 
membranes and walls (Figure 1, Panel A). We have developed Zn2BDPA 
bearing liposomal and dendrimeric systems, and optical and nuclear 
imaging agents for the selective binding, agglutination, and imaging of 
bacterial cells.3a-d We have also developed Zn2BDPA-porphyrin conjugates 
as selective antibacterial photodynamic inactivation (PDI) agents (Figure 
1, Panel B). We have demonstrated that these agents can generate singlet 
oxygen when irradiated with visible light (>400 nm) in the presence of O2. 
We have also demonstrated that these agents bind to bacterial cell 
membranes (Figure 2, Panel C; GFP expressing E. coli green, Zn2BDPA-
porphyrin conjugate red). The antibacterial efficiency of the iodo bearing 
derivative was evaluated against a number of bacterial strains and PDI 
(both Type I and Type II) in addition to some dark toxicity was observed 
for most of them. For instance, 99.99% of E. coli cells (5x106 CFU/ml) were 

inactivated upon irradiation with visible light in the presence of 1 M of 
the iodo Zn2BDPA-porphyrin derivative and atmospheric oxygen. This 
agent showed no dark toxicity (MTT assay) against mammalian cells 

(MCF7) in the 0.25-10 M concentration range.  
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Stability testing is an essential part of drug development and marketing applications to ensure 
continuous safety and efficacy of the product throughout its proposed shelf-life. According to ICH, it is 
defined as “evidence on how the quality of a drug substance or drug product varies with time under 
the influence of a variety of environmental factors such as temperature, humidity, and light and to 
establish a re-test period for the drug substance or a shelf life for the drug product and recommended 
storage conditions”. 1 

 

Stability testing of complex biomolecules is challenging. Biologic products differ from conventional 
pharmaceuticals (small molecules) in terms of their dynamic molecular characteristics. These 
molecules are mainly proteins or polypeptides, inherently unstable, and thus vulnerable to many 
physical and chemical factors which can cause aggregation and degradation of the molecule. During 
early stage development, stress studies are performed by exposing the material to extreme conditions 
of pH, temperature, light, oxidative conditions, and physical forces such as agitation, orientation of 
storage, and freeze-thaw. Then, potential degradation pathways are determined by various analytical 
methodologies using orthogonal approaches where it is possible. When compared to typical small 
molecule pharmaceuticals, biologics degrade by multiple pathways and their therapeutic properties 
may be affected by minor changes under stress.2 Elucidation of potential degradation pathways 
enables to design of a final stability program. In respect to this, maintenance of molecular 
conformation and thereby the biological activity is the key consideration to ensure molecular stability. 
  
Unlike conventional drugs, complex analytical tests are conducted to assess the stability rather than 
chemical tests for identity and purity. Accordingly, appropriate physicochemical, biochemical and 
immunochemical methods should be assessed, and the quantitative detection of degradation products 
should be conducted as a part of the stability testing program whenever it is possible to use of these 
methodologies. All these criteria make the design of a very well-defined testing program to confirm 
biosimilar stability during the intended storage, crucial for product safety and quality. Besides, for 
biosimilars, stability data is not only an indicator to see the changes in product’s quality over time but 
also a very important data to demonstrate molecular similarity and comparability to the reference 
medicinal product. 
 
In the light of these information, stability testing is a milestone during development of biologics. 
Comprehensive assessment of these studies should be carried out according to relevant guidelines.   
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Philadelphia positive acute lymphoblastic leukemia (Ph+ALL) is a common subtype of ALL and 
characterized by having BCR/ABL translocation. Tyrosine kinase inhibitors (TKI) such as imatinib are 
used for the treatment in Ph+ALL, however, 60-75% of the patients can develop resistance against the 
TKIs. Bioactive sphingolipids are a group of lipids that play roles in various cellular mechanisms. 
Previous studies showed that sphingolipids and genes in the pathway were involved in response to TKI 
treatment in Ph+ALL.  
Here, we investigated the roles of SPL on the growth inhibitory effects of imatinib and exploit 
sphingolipid metabolism by majorly inhibiting glucosylceramide synthase (GCS) to accumulate 
ceramide or sphingosine to further sensitize cells to imatinib and/or overcome resistance to imatinib 
in Ph+ALL. We determined that imatinib is inducing de novo synthesis pathway of SPL and increasing 
the levels of ceramide, sphingosine, hexosylceramides and sphingomyelin in SD-1 cells. Interestingly, 
newly generated imatinib-resistant cell line SD-1R was detected to have an aberration in this pathway 
resulting in development of resistance. Combination treatment with eliglustat (GCS inhibitor) resulted 
in a significant increase in ceramide and sphingosine levels and reflected on cell growth and sensitized 
cells to imatinib.  
Taken together, it was shown for the first time in the literature that the cytotoxic effects of imatinib 
was due to induction of de novo synthesis pathway of sphingolipids and inhibition of GCS together 
with imatinib has synergistic cytotoxic effects on imatinib resistant Ph+ALL cells. As a conclusion, 
increasing the intracellular levels of ceramide (and/or sphingosine) can be a novel approach to 
sensitize drug resistant Ph+ALL cells. 
 
Acknowledgement  
We thank to Lipidomics Core Facility in Stony Brook University for the lipid analyses in this study. This 
work was supported by U.S. National Institutes of Health, National Cancer Institute Grant P01-
CA097132 (to C. L. for Project #4). We also acknowledge Scientific and Technological Research Council 
of Turkey (TUBITAK-BIDEB) for 2214-A scholarship program for supporting Y.K. 

 

References  
1) Baran Y, Salas A, Senkal CE, et al. J Biol Chem. 2007, 282(15):10922-10934.  
2) Camgoz A, Gencer EB, Ural AU, Avcu F, Baran Y. Leuk Lymphoma. 2011, 52(8):1574-1584. 
3) Wallington-Beddoe CT, Xie V, Tong D, et al. British J of Hem. 2019, 184; 443-447.  
4) Salas A, Ponnusamy S, Senkal CE, et al. Blood. 2011, 117(22):5941-5952. 
5) Gencer EB, Ural AU, Avcu F, Baran Y. Ann Hematol. 2011, 90(11):1265-1275. 

 

 

 

mailto:yagmurkiraz4@gmail.com


 

 
 

                                 
 

 

 

Mirage Park Resort, 27 February – 01 March, 2020,  Kemer, ANTALYA 
 

Inhibition Studies Of 2-Aminoethanesulfonic Acid Derivatives Against Some 
Carbonic Anhydrase Isoforms 

Özlem Akgüla, Andrea Angelib, Daniela Vullob, Fabrizio Cartab, Claudiu T. Supuranb 

aDepartment of Pharmaceutical Chemistry, Faculty of Pharmacy, Ege University, 35100 Bornova, 
İzmir-Turkey. 
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Carbonic anhydrases are important druggable targets as they involve in different pathologies like 
epilepsy, glaucoma and cancer. Among the 13 catalytically active isoforms, the ctytosolic CA I and II 
are known to be ubiquitously expressed in many tissues. CA IX/XII isoforms distinguished from the 
other isoforms by means of their overexpressions in only hypoxic cancer cells. This divergence between 
the isoforms, gives a salient oppurtunity for inhibiting IX and XII selectively. Moreover, targeting IX/XII 
serves a novel and different activity mechanism for anticancer drug development studies. [1] 

Clinically used classical sulfonamide type CA inhibitors, realize their inhibition by binding to the zinc 
ion at the bottom of the active site. Though the selective inhibition of the isoforms results from the 
interactions with the aminoacid residues localized far from the active site. Luckly, this region can be 
targeted with the molecules designed by tail approach. Following this strategy, herein aromatic groups 
linked to taurinamidobenzensulfonamide scaffold with diverse functional groups were designed. [2, 3]  

The titled compounds synthesized by four step reaction[4]. All compounds were fully characterized 
by 1H, 13C NMR, MS and FTIR (ATR) spectroscopy and elemental analyses. Compounds were tested for 
their CA inhibitory activity by using stop flow CO2 Hydration Assay. 
The inhibition potency of the novel compounds against hCA IX and XII isoforms over the hCA I and II 
ones have been determined and compared in terms of structure activity relationship. Final compounds 
showed promising results that can be used for the development of new anticancer agents. 
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Imidazole is a unique ring in which it involves many biological activities such as anti-inflammatory, 
anticancer, antibacterial, antifungal, antitubercular, antidiabetic and antiviral.1 The strong therapeutic 
properties of imidazole containing drugs have encouraged medicinal chemists to synthesize a large 
number of novel chemotherapeutic agents involving this moiety. One of the most important drug for 
glioblastoma (brain cancer) is temozolomide containing imidazole ring. On the other hand, some of 
the structures of marketed drugs having imidazole ring are midazolam, loprazolam, clotrimazole, 
clonidine, azomycin, miconazole, and ketoconazole (Figure 1). 

 

Figure 1. Important imidazole derivatives in marketed drugs and our synthesized molecules 

Due to the importance of imidazole ring, we have synthesized some of the mono and bicyclic imidazole 
derivatives and evaluated their effects like inhibition of cholinesterases and anticancer potential on 
glioblastoma.2-3 
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Alternative source studies for active pharmaceutical ingredient (API) may be necessary during the life 

cycle of the pharmaceutical products due to several reasons. Evaluation of the alternative source of 

API includes; synthetic route and chemistry (starting material, impurities profile, residual solvents, 

others), physical properties (particle size, bulk density, polymorphism, solubility, others), 

specifications, analytical procedures and method validation1.In some instances, all above-mentioned 

studies are not enough to explain observed practical differences on the processability and finished 

product performance. By one estimate, approximately one-third of all pharmaceutical actives are 

capable of forming crystalline hydrates2. Effect of the ultimate hydration state of a material may 

influence several physicochemical properties including physical and chemical stability. The hydration 

state of crystalline substances is of particular concern in the pharmaceutical industry3. Due to above 

mentioned reasons, there has been increased regulatory pressure to fully characterise and control the 

physical form of excipients and active drugs4. 

In the present study, comparison of the Etodolac alternative sources are found to be almost identical 

against the main source with the general comparison techniques (e.g particle size, bulk density, 

polymorphism). However, observed difficulties in the manufacturing process and product 

performance could be only understood by after reviewing the sorption/desorption patterns of APIs 

from different sources as DVS method clearly differentiated the materials by the weak hydration states 

and prove to be relevant for addressing process parameters and necessary changes for the regulatory 

point of view. 
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The 21st century is bearing witness to cancer as a primary reason behind lives lost across the globe, 
thereby necessitating modern and advanced approaches to making cancer-fighting drugs within the 
biomedical sector. In this respect, mineral chemistry is crucial within the pharmaceutical industry to 
come up with cancer-fighting material based on metal content, which have proved to be highly 
effective agents in the course curing the disease. Among these agents, the ones with platinum 
compounds of varying DNA binding modes - as opposed to cisplatin – have specifically been shown to 
offer positive results [1-3]. The present work, against this backdrop, looks upon the benefits concerning 
the application of platinum and copper to develop these drugs. For this purpose, eight metal 
complexes containing quinoxaline type ligands (Fig. 1) were prepared and their structures were 
clarified by DFT calculations in order to elucidate their DNA and HSA binding activities using several 
spectroscopic techniques. In vitro cytotoxic effects of the complexes were determined in different 
cancer cell lines, as well.     
 

 
Figure 1: Molecular structure of [Cu(dpq)Cl2] 
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Photodynamic therapy (PDT) is a clinically approved treatment modality, which utilizes singlet oxygen 
as a primary cytotoxic agent to kill the cells of interest.1 PDT has been recognized as a promising 
alternative to conventional therapies as it offers minimally invasive procedures, opportunities for 
repeated application, negligible drug resistance and immune system activation against tumor.1 In a 
typical PDT action, generation of singlet oxygen is satisfied by combining three key components; light, 
a photosensitizer (PS) and molecular oxygen (3O2).1 Despite its high therapeutic potential, broader 
acceptance of PDT is restricted mainly due to the limited penetration depth of the visible light through 
tissues, lack of cancer cell selectivity and reduced level of oxygen in most of the solid tumors, which is 
also known as the state of tissue hypoxia. In this context, organelle-targeted, red/near-IR absorbing 
and cancer cell selective photosensitizers are highly promising. Clearly, low energy light (600-900 nm) 
has better tissue penetration due to the lack of auto-fluorescence and minimum interference from 
bio-molecules. On the other side, subcellular localization of photosensitizers particularly to the 
mitochondria can address the problems related to hypoxia and enhance the PDT effect since 
mitochondria play important roles in cell respiration, oxygen metabolism and apoptosis signaling.2 
Among potential targeting strategies, activatable PSs have recently gained significant interest in the 
design of new generation PDT agents.3 In an activatable PDT approach, the cage or quencher group is 
covalently attached to a PS skeleton. These PSs are generally designed in a way that when the cage is 
cleaved, the PS goes from an OFF state to an ON state as a result of remarkable changes in their 
photophysical properties. The 1O2 generation occurs only when a PS at an ON state is illuminated. In 
general, caged groups are cleaved by tumor-associated stimuli that are differentially expressed by 
cancer cells, so the cleavage happens at the tumor site while sparing healthy tissue. 
In this direction, we have introduced two different PSs. In the first design, we reported a mitochondria 
targeted photosensitizer,4 which functioned effectively even under hypoxic conditions thanks to the 
high mitochondrial oxygen content and at the same time showed selective photocytotoxicity towards 
cancer cells. In our second design, we prepared a monoamine oxidase (MAO) activatable PS. Our 
results showed that the activatable PS is highly efficient in MAO overexpressing cancer cells and it can 
successfully induce differential cytotoxicity between cancer and normal cells. 
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In recent years, when traditional synthesis methods have been transformed into rapid production 
techniques, the development of new materials with the microwave method has also been increasing 
rapidly [1]. Although hydroxyapatite compound is produced many times using this production 
technique, the properties and behaviours of this material may also change depending on whether it is 
of different particle size or porosity. Development of this material with the microwave method 
accelerates the synthesis process and can produce an environmentally friendly product. Having a 
porous structure, the hydroxyapatite can also be used as a molecule carrier, with this feature, anti-
cancer activity tests, bioimaging techniques, development of dental materials, catalytic carrier 
systems, etc. stands out as a preferred material in many fields [2]. 
Herein, rapidly hydroxyapatite fabrication was carried out in a microwave-assisted in natural 
compound medium (Mw-nHAP) (Figure-1) and characterized by FT-IR, SEM-EDX, XRD techniques. The 
study was carried out to determine the carrying capacity of the anti-cancer drug methotrexate (MTX), 
which is frequently used in the treatment of bone diseases. Thus, it has been observed that the Mw-
nHAP material can be an alternative material for carrying many therapeutic molecules for the 
treatment of bone diseases. 

 
Figure-1. Fabrication of the Mw-nHAP material 
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Our study is presenting the lifecycle of a medicine starting from molecule and evolving to drug. In this 
process all steps are protected by patents. Starting from the discovering of the molecule all the steps 
which lead to drug are being patented. The study includes the challenges of molecule patenting. All 
process including molecule structure, product development and launch on the market are protected 
by patents. The basic principles of the patents are novelty and inventive steps. Patents are granted for 
any inventions which are susceptible of industrial application, which are new and which involve an 
inventive step. Disclosure available before the filing/priority date of the application, identify the 
technical features of the invention as claimed and identify the technical features are researched. In 
the light of these informations, the process of the starting molecule to final product development is 
determined according to patent protection strategies. 
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During platelet aggregation, the last and most significant step of platelet plug formation, TxA2, 

together with ADP, expands the platelet aggregate to form a platelet plug that temporarily seals 

vascular damage. ADP binding via the major ADP receptor, P2Y12, induces a conformational change in 

the GPIIb/IIIa receptors which results in the accumulation of fibrinogen. The occupied GPIIb/IIIa 

receptor supports platelet aggregation and undergoes further transitions to express LIBS epitopes and 

to cluster which lead to reorganization of the cytoskeleton within the platelet1. Despite extensive 

efforts to assess the significance of GPIIb/IIIa and P2Y12 function in the presence of chitosan-derived 

biomaterials, the respective mechanical pathways remain unclear. In order to examine the direct 

interaction between chitosan and platelets in our study, molecular docking method was performed 

between the major ADP receptor P2Y12, and GPIIb/IIIa receptors and the highly deacetylated 

oligomeric chitosan (OC) ligand. Molecular Dynamic (MD) simulation approach was used to investigate 

the interaction of various neutral and polycationic derivatives of fully deacetylated oligomeric chitosan 

with the erythrocyte membrane model. Furthermore, in vitro hemostasis tests were performed for the 

designated polymeric form, and their compatibility with the in silico findings was assessed.  
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Reversed phase silica stationary phases have been used for the polishing step in a variety of 

applications for industrial scale purification of low molecular weight pharmaceuticals, peptides and 

larger molecules for several decades. The most common phases are alkyl chain functionalizations such 

as C18, C8 and C4, and these phases are also most frequently used as a starting point in method 

development in peptide purifications.  

In this presentation method development for large scale HPLC will be shown for Liraglutide on both 

classic phases and Eternity XT. By using peptide crudes with low purity, purification methods were 

developed by exploring the influence of stationary phases, along with the mobile phase composition. 

We also investigated how the purity results are influenced by temperature.  By using elevated 

temperature improved resolution is achieved, but at the same time the concentration of thermally 

induced impurities increases. Shear force via ultrasonication in sample preparation, and storage, could 

lead to fibril formation and increased levels of degradation products, some of them with similar 

properties as the target peptide, resulting in a complex impurity profile calling for mass spectrometer 

detection.  
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The aim of this study is to assess the in vitro comparison of the reference and test product which 
containing platelet aggregation inhibitor by a nasogastric (NG) tube study. Such studies are conducted 
to demonstrate that the desired dose of the drug can be administered to the patient when the drug is 
administered via nasogastric (NG) tube.  
 
Most platelet aggregation inhibitors used in ACS (Acute Coronary Syndromes) treatment are only 
available in an oral form. This limitation represents a potential concern for patients with difficulty 
swallowing tablets, which in the general population may be as high as 40 % of all adults [1]. In general 
enteral feeding tubes are used to deliver drugs to patients that cannot swallow. The tablets can be 
crushed to a fine powder than dispersed in water and administered via a nasogastric tube which is a 
type of feeding tube. As per Question 3.6 of Clinical pharmacology and pharmacokinetics: questions 
and answers published by EMA [2], “For products that could be dispersed in water and administered 
via a nasogastric tube, in vitro data to support the claimed SmPC (Summary of Product Characteristics) 
wording should be provided”. Since the film coated tablets containing Platelet Aggregation Inhibitor 
may be administered alternatively via nasogastric tube as per SmPC, in vitro  comparative nasogastric 
tube study have been designed and performed as per published product specific guideline. According 
to approved labeling of the reference product, the product may be administered by a nasogastric (NG) 
tube (8 French or larger). The study is including comparative recovery testing and sedimentation 
volume testing. In comparative recovery testing, test and reference samples are prepared before 
transferring the feeding tube for 0 minutes and 120th minutes and after feeding tube for 0 minutes and 
120th minutes. The percentage of drug recovered determined at the tube exit relative to the initial 
dose for both the Test and Reference products using a validated analytical method. The T/R recovery 
ratio and the 90% confidence interval of the T/R recovery ratio calculated. In sedimentation volume 
testing following the feeding tube preparation reference and test samples sedimentation volume is 
recorded.  
 
The studies have been carried out successfully and based on the obtained data, similar results have 
been observed between Test and Reference product. 
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Bioorthogonal chemistry offers a strategy for chemistry applications complementary to bioprocesses, 
with applications in sustainable chemistry and biology.1,2 Bioorthogonal catalysis provides a 
particularly promising direction, with transition metal catalysts (TMCs)3,4 providing access to 
transformations using chemical processes that are orthogonal to biocatalysis.5,6,7 The incorporation of 
TMCs into engineered nanometric scaffolds enhances water solubility and provides a protective 
environment for these metal complexes. Compared with traditional delivery methods, bioorthogonal 
nanozymes show tremendous potential in the development of new systems, featuring spatiotemporal 
control of the continuous activation of functional molecules for therapeutics and/or diagnostics.8 In 
this talk we will discuss the engineering of these nanozyme systems using iron porphyrine as a catalyst 
to replicate key enzymatic properties through the bioorthogonal conversion of pro-fluorophores into 
activated fluorophores. 
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We have recently discovered that L-Tyr(tBu)-OH forms strong gels in wide range of organic solvents 
with some additives.1 Based on the molecular dynamic studies, it has been understood that any amino 
acid having a bulky sidechain with a free amine and a carboxyl group could be a potential 
organogelator.  
 

 
 
To test this hypothesis, 11 natural amino acid derivatives which contains various protecting groups on 
their side chains were synthesized and their gelation abilities were studied. Remaining 8 amino acid 
that have simple alkyl groups on their side chain were directly used for gelation tests. 6 amino acid 
derivatives were attained to be a promising organogelators. Among them, L-Serine(tBu)-OH was found 
to be as the lowest molecular weight organogelators that is applicable in a wide range of solvents in 
the literature. Later, antimicrobial drug release studies of gel forming amino acid derivatives and 
cytotoxicity experiments were also performed.  
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Carbonic anhydrase (CA, EC 4.2.1.1) is a zinc enzyme responsible for the reversible hydration 

of carbon dioxide to bicarbonate, being involved in respiration and CO2 transport between 

metabolizing tissues and lungs, pH and CO2 homeostasis, electrolyte secretion, aqueous humor 

secretion, biosynthetic reactions, etc. In mammals 16 isozyme or CA-related proteins have been 

described to date, with different catalytic activity, sub-cellular localization, and tissue distribution [1-

3]. Carbonic anhydrase has been a therapeutic target for many years  and  their  inhibitors  are  clinically  

used/investigated  as diuretics,  anticonvulsant,  antiobesity,  antiglaucoma  and  more recently  

antitumor  and  anti-infective  agents. Of recent interest is the development of selective inhibitors 

against membrane-bound isozymes, which will leave untouched the cytosolic ones, thus reducing the 

side effects associated with existing drugs on the market [1-5]. In the current presentation, we will 

focus on our most recent studies for potent and selective inhibition of carbonic anhydrase isozymes 

by using 1,3,5-triazine and 1,3-diaryltriazene substituted sulfonamides.  
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Computational chemistry allows us to reveal the full potential of chemical species as medicine and to 
rationalize the mode of action of new drugs. While some applications in this field became somewhat 
routine, system specific problems require novel modelling strategies designed to address the limits of 
standard methodologies. Building these protocols becomes particularly challenging when the 
questions regarding the drug of interest are non-conventional.  
 

 Can a drug function by enhancing the activity of an enzyme rather than inhibiting it?  

 How can we modify drug molecules to target protein surfaces instead of buried binding sites?  

 Can an inhibitor act by stabilizing macromolecular clusters rather than damaging them?  

 How can the binding of a small cation allosterically activate an enzyme and prepare a perfect 
binding grove for the ligand?  

 
In this talk we will discuss our computational chemistry strategies tailored to answer these challenging 
drug design questions.  
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Due to the rising requirement for food ever-growing population, narrowing field of agriculture and 

excessive profit motivations, food adulteration is becoming increasingly common, which can cause 

irreparable adverse effects on human and animal health. Lentil is adulterated by mixing it with Vicia 

sativa “fiğ”, which is one of the species of the family Fabaceae. Fiğ contains β-cyanoalanine (BCA) and 

γ-glutamyl β-cyanoalanine (gGBCA) which have neurotoxic effects on people and animals. 

Determination of BCA and GBCA neurotoxic accurately has high importance to ensure food safety and 

secure human health. For this purpose a reliable analytical method is needed. Advanced instrumental 

techniques provide selective and sensitive measurement, however demonstration of reliability can be 

performed by using certified reference material. 

In this study three quality control samples and one certified reference material was prepared. In 

material processing step milling and mixing of lentil and fiğ was examined. Homogeneity and short and 

long term stability study was evaluated. A validated analytical method was developed to assign the 

certified value of aminoacids and neurotoxic aminoacids in lentil.  

Produced material of lentil will be candidate certified reference material for laboratories which located 

in university, governmental and private sector and works on food safety.   
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Reactive oxygen species (ROS) are endogenously produced oxidants with various functions 
ranging from host defense to signaling. These transient species can cause severe damage to the body 
when their production is dysregulated or when environmental factors elevate their concentrations. To 
study their effects and prevent oxidative harm, tools capable of monitoring ROS in cells and tissue in a 
sensitive and selective fashion are required.1-3 Targeted imaging (diagnosis) and therapy using near-
infrared (NIR) dyes can be accomplished with the help of the data obtained from fluorescence emission 
of the fluorophores and play an important role particularly in deep tissue imaging. The area NIR dyes 
absorb and emit light is defined as NIR spectroscopy (NIRS, 650–850 nm). Although NIR dyes are widely 
used for imagining purposes, they also find application in photodynamic therapy. NIR dyes show 
variety based on their solubility, molar absorptivity, photostability, and fluorescence efficiency. 
Phthalocyanines (Pcs), cyanines, BODIPY dye series porphyrins, squarins, benzo [c] heterocyclic, and 
xanthine derivatives are the most commonly used NIR dyes.4  

Herein, design and synthesis of a new NIR dye that has potential as a tool for the detection of 
ROS, which play important roles in many biological process. 
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Abstract 

The heterogeneous tumor microenvironment, induced by hypoxia and acidosis, is essential for 
metastasis and malignancy. Carbonic anhydrases (CAs), found in many different tissues, are a family of 
metalloenzymes with an important physiological function of pH regulation through catalyzing the 
hydration of carbon dioxide to bicarbonate. CAs consist of 12 active isoenzymes in humans and among 
which hCA IX and hCA XII have been shown to be responsible for the extracellular acidification of cancer 
cells via their catalytic activity. Consequently, this catalytic activity contributes to the invasion, 
metastasis and poor therapeutic response of cancer cells. Therefore, inhibiting the catalytic activity of 
these enzymes with the well-known sulfonamides leads to potent retardation of cancer growth.1–3  In 
this study, new hydrazinecarbothioamide derivatives incorporating substituted/non-substituted 
benzenesulfonamide, aimed at inhibiting tumor-associated membrane-bound carbonic anhydrase 
isoenzymes IX and XII, were synthesized. The structures of the desired compounds were characterized 
by elemental analysis, IR, 1HNMR, 13CNMR, and HSQC spectral data. The inhibitory activity of the 
synthesized compounds on both the tumor-associated hCA IX and hCA XII, along with the off-target 
isoenzymes hCA I and hCA II, were evaluated. Some of the compounds have manifested remarkable 
inhibitory potential with Ki values in the lower nanomolar region, and have proven to be more active 
than the reference drug acetazolamide.  
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Sapropterin Dihydrochloride is the synthetic form of tetrahydrobiopterin (BH4) which is cofactor of 

phenylalanine hydroxylase (PAH) enzyme. For people with phenylketonuria (PKU), oral administration 

of sapropterin dihydrochloride decrease phenylalanine level in blood by converting it to tyrosine. The 

purpose of this study is to develop an analytical method for the determination of this active ingredient 

in order to follow the production of the generic drug development of Kuvan®. Fourier-Transform 

infrared spectroscopy (FT-IR), thermogravimetric analysis (TGA), X-Ray Diffraction (XRD), inductively 

coupled plasma/mass spectrometry (ICP-MS), chloride content and high-performance liquid 

chromatography with UV detector HPLC/UV analysis were used in order to investigate purity and to 

ensure specifications of Sapropterin Dihydrochloride (SAP). Because of high selectivity and sensitivity 

of HPLC/UV analysis were used as a reference method for the quantitative analysis of SAP. The study 

continued with UV/Visible Spectroscopy (UV/VIS) analysis. A method from the literature with Folin-

Coicalteu (FC) reagent was studied and compatible results were obtained with respect to HPLC/UV 

method. By using cyclic voltammetry, oxidation and reduction potentials of SAP was calculated and 

with this oxidation potential CuSO4 was selected as coloring agent for UV/CuSO4 method of 

quantitative analysis. This method worked very well for the determination of sapropterin 

concentration for 5 to 65 ppm. without having any interference from the other ingredients present in 

the drug. Square wave voltammetry also used as an assay method at the potential value of 0.27 V.  

In this study, reliable, precise and easy-to-use methods were successfully developed and validated for 

the assay investigation of Sapropterin dihydrochloride. 

An analysis method with paper sensor was also developed and linearity of method was studied but 

further investigation was needed to use this method for pharmaceutical dosage forms1. 
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Ferulic acid is a significant defense compound for wheats against abiotic stress such as 

pathogens and environmental factors. In the case of external stress factor, which predominantly 
effects to the outer layers of the kernel, higher concentrations of ferulic acid is dominantly located in 
the bran fraction of wheat. Extraction of ferulic acid from outer layer of the wheats is becoming more 
important for the production of value added agents such as antioxidant and antimicrobial agents in 
pharmacological industry; and photo-protecting agents in cosmetic industry. With the rising popularity 
of biologically active compounds, it is crucial to find the most suitable methods for extraction of these 
compounds from plant materials. In this context, ultrasound-assisted extraction (UAE) is one of the 
most superior methods because of its favorable specifications including cheapness, simplicity and no 
further requirement of chemicals. Applied ultrasound waves allowing greater penetration capability of 
solvent into the matrix, rising the contact surface area between liquid and solid phase; in conclusion, 
the analyte rapidly diffuses from solid phase to the solvent. The aim of the study was to determine the 
ferulic acid concentrations in some Turkish traditional wheat species 

In the study, 18 different traditional wheat bran samples (Einkorn wheat) were used. The 
milled bran was also ground to obtain fine powder material by a laboratory type mechanical grinder 
(IKA MF 10 Basic, Staufen, Germany). The concentration of ferulic acid in wheat bran was determined 
by a high-performance liquid chromatography (HPLC) (Agilent 1200 Technologies, Böblingen, 
Germany). Extraction process was carried out with some modifications according to the method 
described by Stavova et al (2017).  

The results showed that the method was linear over the concentration range of 0.2-20.0 mg/L 
for ferulic acid (>0.997). LOD and LOQ values for ferulic acid were found to be 0.44 and 1.45 mg/L, 
respectively.  Concentrations of ferulic acid in the samples were determined in the range from 717.85 
mg/kg to 1789.60 mg/kg. 

Obtained analytical parameters and values of ferulic acid concentrations can be useful for the 
person who has worked in pharmaceutical industry for the extraction of plant active components. In 
addition, the grain of Einkorn can be selected as the most suitable raw material as source of ferulic 
acid for pharmaceutical industry. 
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Cancer is an important health problem that increase its incidence continuously and threatens 
the world despite the developing diagnostic and treatment possibilities. Although various methods 
such as radiotherapy, immunotherapy and especially chemotherapy, have been used in the treatment 
of cancer, the targeted success has not been achieved. Therefore, scientists have focused on the 
administration of anticancer agents in different ways. 

Today, plant secondary metabolites have been used for cancer treatment. These useful 
chemicals protect plants against stresses, both biotic such as insects, bacteria, fungi, nematodes, or 
grazing by animals and abiotic such as higher temperature and moisture, shading, injury or presence 
of heavy metals. Secondary metabolites are used as especially chemical such as drugs, flavors, 
fragrances, insecticides and dyes by human because of a great economic value. Wheat also contains 
some valuable secondary metabolites including phenolic acids. In the case of external stress factor, 
which predominantly effects to the outer layers of the kernel, higher concentrations of these 
compounds are dominantly located in the bran fraction of wheat. Although, various concentrations of 
phenolic acids mainly ferulic, syringic, vanillic, caffeic and p-coumaric acids have been determined in 
the bran fraction, ferulic acid represents the most frequent phenolic acid, located in wheat bran, with 
the concentration of 20–1500 mg/100 g. Ferulic acid have been found to be effective on many cancer 
diseases including cervical, colon and prostate cancers. The aim of the study was to investigate the 
effects of ferulic acid on melanoma cell lines (SK-ML-30). 

In this context, analytical standard grade ferulic acid (C10H10O4, mw:194.18) was obtained from 
Sigma Aldrich and prepared different concentration ratio in the range from 5 µM to 2000 µM with 
dimethyl sulfoxide (DMSO). Human melanoma cell line (SK-MEL-30) cells were seeded 10000 cells per 
well onto a 96 well plate. The plate treated with 100µL medium plus DMSO or ferulic acid and 
incubated for 24, 48 and 72h, respectively. At the end of the ferulic acid exposure duration, cell viability 
was assessed using the MTT assay according to the manufacturer’s protocols. Six parallel replicates 
were measured for each sample. Each plate included a control well that contained medium only, which 
was used to obtain a background spectrometric absorbance value that was subtracted from the test 
sample readings. The data are expressed as the mean ratio of live cells (treated vs. control) ± SD for 3 
replicates. 

The results showed that ferulic acid treatment resulted in decreased cell viability in a dose-
dependent manner. Following treatment with ferulic acid (5, 25, 50, 100, 250, 500, 1000, 1500 and 
2000 µM) to the SK-MEL-30 cell lines for different time intervals, half-lives of the cells were calculated 
to be 1700, 1350 and 1200 µM for 24, 48 and 72h, respectively. 

In conclusion, obtained results indicate that ferulic acid may be used as an effective therapeutic 
agent against melanoma cancer.  
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 Several drug companies are turning to alternative methods for treating rare diesases. Among 
these alternative treatments is cannabidiol, a chemical component of cannabis that doesn’t exhibit 
any of the psychoactive effects. CBD helps alleviate a range of health issues including epilepsy, chronic 
pain, and anxiety. According to the World Health Organization, CBD presents no significant addictive 
properties. In addition to the significant positive health effects of CBD, it is tolerated and absent from 
side effects even if it is administered in high doses (1500 mg / day) in humans. It is very important that 
the concentration of CBD must be determined in such plants (i.e. cannabis) and pharmaceutical 
compounds precisely and accurately in order to calculate the intake dose of CBD. In this context, high-
performance liquid chromatography (HPLC) methods offer a good alternative. HPLC coupled with 
diode-array detector (UV/DAD) has been usually applied for the CBD analysis in the samples. 

 In the study, determination of CBD active substance concentrations present in the samples will 
be carried out by HPLC according to reported by Brighenti et al. 1 According to the proposed method, 
samples prepared to determine CBD levels will be diluted with isopropanol. In the light of literature 
studies, it is expected that the relevant dilution rate should be in the range of 100-200 times. The 
solutions prepared after dilution will be filtered through 0.45 µm PTFE syringe tip and taken into HPLC 
vial, finally analysed under the specified conditions. CBD concentrations in the samples will be 
expressed in mg / kg of dry matter, taking into consideration the value determined after the analysis 
and the dilution rate using isopropanol. 

 According to the findings of HPLC analysis carried out with CBD analytical standard substance, 
the proposed method shows that the CBD active substance found in cannabis samples is linear (r2 = 1) 
in the working range of 0.156-10.000 mg / L. Limits of detection and quantification of the method were 
calculated to be 0.078 and 0.260 mg/kg, respectively. Repeatability of the method was 4.16%. 
Recovery of the method was determined as 97.82% using cannabis seed.  

In conclusion, proposed method can be used for the determination of CBD contents of Cannabis 
plants and pharmaceutical products.  
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Compounds containing biaryl linkage are an important class of organic compounds and have found 
widespread applications in diverse areas such as medicinal chemistry1 and natural product synthesis2. 
These compounds have often been obtained by homogeneous coupling systems. But, the synthesis of 
pharmacological products by homogeneous coupling reactions requires expensive purification 
processes to remove the metal and reduce the metal content to an acceptable limit. In this regard, 
most of the research on Stille coupling reactions has directed to the development of novel ‘green’ 
catalysts14 which offer atom economy, high efficiency and activity at the same time. 

 

In this study, we have synthesized a novel, efficient and reusable heterogeneous catalyst (mpg-CN/Pd) 

for the Stille coupling reactions. The resultant mpg-CN/Pd nanocatalysts showed high efficiency in the 

Stille coupling of a variety of electron-deficient and electron-rich aryl iodides/bromides and two 

different organo-stannanes in NMP to give biaryl derivatives without using any base or additional 

ligands under the relatively mild conditions. 
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The royal jelly is one of the most attractive commercial bee products in medicine, cosmetics and 
dietary supplement. Royal jelly has slightly sour taste, a pungent odor and it contains water, free 
aminoacids, proteins, carbohydrates, lipids, minerals and small amounts of polyphenols and vitamins 
(Kamyab et al., 2019).  Amino acid (42 types) analysis in royal jelly samples were performed with LC-
MS/MS. Turkey is one of the countries with high beekeeping potential, economically important honey 
bee races, different geographic features and rich floral resources. One of the important criteria for 
determining the nutritional value and quality of royal jelly, a functional food with high protein content, 
is amino acid concentration (Matloubi et al., 2004; Liming et al., 2009). Proline, lysine, glutamic acid, 
β-alanine, phenylalanine, aspartate and serine are the highest percentage amino acids as 
quantitatively in royal jelly (Sabatini et al. 2009). In this study 15 royal jelly samples were analyzed and 
determined 42 free amino acid concentrations with valuable method without derivatization only 10 
minutes runtime. 

 
 

Figure 1–Total Ion Chromatogram of 42 Amino Acids. 
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A Schiff base, is known as imine or azomethine, is a nitrogen analogue of an aldehyde or 
ketone in which the carbonyl group has been replaced by an imine or azomethine group. They 
are some of the most widely used important organic compounds. They have various industrial, 
analytical, biological, medical and pharmacological applications. They are used as catalysts, 
pigment dyes, sensors, complexing agents, antimicrobial, anticancer, antimalarial, analgesic 
and anticonvulsant1,2. 

In this study, sodium benzenesulfonate based imines were synthesized. The structure of the 
compounds was determined by FTIR, UV-VIS, MS and NMR spectroscopy methods. The 
antimicrobial activities of the compounds have been investigated for their minimum inhibitory 
concentration (MIC) to bacteria and yeast cultures. The DNA binding of imines were 
investigated by UV-Visible spectra3. The compounds interact with CT-DNA via electrostatic 
binding4. The cleavage study was performed by gel-electrophoresis method using super-
wrapped (SC) plasmid pBR322 DNA in a medium TAE buffer. DNA cleavage study showed that 
the imines cleaved DNA oxidatively.  In addition, antioxidant activities of Schiff base compouns 
were measured using the DPPH method. As the concentration of the compound increased, 
the antioxidant activity also increased.  
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Podands, which are ligands called opened–chain crown ethers, are a class of macrocyclic compounds1. 
As a result of saving ring formation step(s) and their ability to complex metal cations, anions and 
neutral guests selectively, podands have became a significant type of host in host-guest chemistry. A 
large number of podands with different end groups, chain length and ligation atoms have been 
synthesized and their complexation properties were studied. A large number of crown ethers and their 
noncyclic analogues proved to have different biological activities. Schiff bases have  also been shown 
to exhibit a broad range of biological activities such as antiviral,  antibacterial, anti-inflammatory, anti-
proliferative, antiviral; furthermore, they have been used as intermediates in pharmaceutical 
chemicals and as ligands to form complex  with some metal ions1,2.  

In the present study, Schiff base podands were synthesized from the reaction of 2-amino-4-
methylphenol and 2-amino-3-hydroxypyridine with bis carbonyl podand. The structure of the 
compounds was determined by FTIR, UV-VIS, MS and NMR spectroscopy methods. The antimicrobial 
activities of the podands have been investigated for their minimum inhibitory concentration (MIC) to 
bacteria and yeast cultures. Furthermore, the interactions of Schiff base podands with DNA were 
investigated by UV-Visible spectra and gel electrophoresis method3.   UV-Vis spectroscopy studies of 
the interactions between the podands and calf thymus DNA (CT-DNA) showed that the compounds 
interact with CT-DNA via electrostatic binding.  DNA cleavage study showed that the podands cleaved 
DNA oxidatively.  DNA cleavage begins at a concentration as low as 1.56 μM oxidatively, while 
hydrolytically begins at a high concentration at 100 μM. In addition, antioxidant activities of Schiff base 
podands were measured using the DPPH method. Also all of Schiff bases, the anion recognition ability 
were examined by colorimetric, UV–Vis and fluorescence spectroscopy.   
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Halogenated organic compounds play a very important role in organic chemistry, they are essential in 

chemical synthesis as starting reagents and synthetic intermediates.  However, they are harmful to 

human health. In addition, halogenated chemicals cause environmental pollution.   

Although many methods on dehalogenation of these molecules are known in the literature, increasing 

interest in green chemistry and sustainable technologies makes new methods valuable.1,2  

 

With this work, a novel and efficient method for dehalogenation of aryl halides was developed by 

reusable mpg-C3N4/Pd heterogeneous catalyst system in methanol in the presence of ammonia borane 

(AB).3 
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Supramolecular chemistry is used in many areas such as molecular recognition, molecular self-

assembly, catalysis, and medicinal chemistry.1 Host-guest chemistry is one of the fundamental 

fields of this type of chemistry. The host part of the host-guest molecules has a deep open 

cavity that binds guest molecules by using various non-covalent interactions such as hydrogen 

bonding, metal coordination, van der Waals interactions, and  interactions. In recent 

years, rigid or non-rigid molecular tweezers and clips with deep cavities have been used as 

host molecules.2,3 

In this study, we aimed to synthesis a rigid C2 symmetric molecular clip (syn-2) which has 

pyrazine tether as hydrogen bonding acceptor and electron-deficient aromatic pincers as -

electron acceptor via condensation reaction of -aminoketone (1). Surprisingly, only one 

isomer was formed from two isomers (syn-2 and anti-2) that were likely to occur in this 

reaction. In order to explain this unexpected result, geometry optimizations and harmonic 

vibrational frequency computations (DFT:B3LYP; Gaussian 09) were done for both syn and 

anti-isomers. As a result of the theoretical calculation, it has been observed that the relative 

energy of the anti-isomer is 37.3 Kcal/mol higher than the syn-isomer. Theoretical calculation 

data shows the probability that the resulting structure is a syn-isomer. 

 

Acknowledgement: The authors are indebted to the Scientific and Technical Research Council of 

Turkey (TUBITAK) (project No: KBAG-118Z395) for financial supports. 

References 

1) Steed, J. W.; Atwood, J. L. Supramolecular Chemistry, 2009, John Wiley & Sons Ltd. 

2) Zimmerman, S. C. Top. Curr. Chem. 1993, 165, 71 —102. 

3) Harmata, M. Acc. Chem. Res. 2004, 37, 862 —873. 

 



 

 
 

                                 
 

 

 

Mirage Park Resort, 27 February – 01 March, 2020,  Kemer, ANTALYA 
 

Identification of the Recurrent VUSs in CHEK2 Gene in Breast Cancer Patients 

Jale Yıldız1,2, Yiğit Can Ateş4, Levent Doğanay2,3, Gizem Dinler Doğanay1,2 

1Department of Molecular Biology, Genetics and Biotechnology, Istanbul Technical University, 
Istanbul, Turkey 

2 Genomic Laboratory (GLAB), Umraniye Teaching and Research Hospital, Istanbul, Turkey 
3 Department of Gastroenterology, Umraniye Teaching and Research Hospital, Istanbul, Turkey 

4 Kabatas Erkek High School, Istanbul, Turkey 
yildizja@itu.edu.tr 

Background/Aim: Investigation of cancer susceptible genes in cancer patients lead to identification of 
variants with uncertain significance. Breast cancer is the second most common cancer in the world; 
(GLOBOCAN, 2018). While most breast cancer cases are sporadic, occurrence of familial transmission 
is 5-10%. Around 15 genes are implicated in predisposition for inherited breast cancer. Most of variants 
of BRCA1/2 have been classified, but studies for the identification of variants from other genes are still 
the subject of investigation. CHEK2 is one of the genes having variants that remains as unknown clinical 
significance. In this study, we aimed to assess the effect of variants of unknown significance at the 
CHEK2 gene in breast cancer patients and study the variants effects on the products in the form of a 
transcript as well as protein. 
Material/Method: We screened exonic variants in a panel of 27 cancer susceptibility genes in blood 
samples collected from breast cancer patients using next generation sequencing to characterize the 
mutation profile of hereditary breast cancers in the Turkish population. Sanger sequencing of CHEK2 
gene was performed on tumor DNA samples from the patients having the VUSs to understand the 
possible correlation of VUS deposition on this gene in tumor. To experimentally validate variations on 
mRNA transcript, real-time PCR was perfomed with RNA samples collected from tumor tissues. 
Predictions to understand the VUS effect on the protein structure were done by SIFT, Polyphen, and 
HSF tools.  
Result: Based on next generation sequencing results of 473 breast cancer patients having familial 
aggregation of breast cancer, we found out CHEK2 gene accumulated significant levels of variants of 
unknown significance (VUS), showing 19 missense variants. In this study, among these variants, due to 
the higher frequency observation for particularly 4 VUSs, including (i) Thr476Met that was detected in 
7 cancer patients and 5 healthy controls, (ii) Ile160Met that was detected in 4 breast cancer patients, 
(iii) Leu183Phe which was observed in 9 cancer patient and 2 healthy controls, (iv) Glu351Asp that was 
identified in 6 cancer patients, we focused on these sites for further analysis. Thr476Met and 
Glu351Asp variants, which were shown to have damaging effect to the patients, are located in the 
kinase domain of Chk2 protein. These sites can be critical in the activation of downstream targets, such 
as p53. Ile160Met and Leu183Phe are located on the dimerization domain, FHA domain, which  can 
change the dimerization interface causing the inactivation of Chk2 or can cause a protein folding 
problem leading to an aberrant clearance of the protein. All these variations’ effect on the protein 
structure are under investigation.  
Conclusion: This study is important to improve the interpretation of VUSs detected in cancer patients 
for clinical significance.  
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Bag-1 protein, which protects cells from apoptotic stimuli and is often over-expressed in human cancer 

cells, is an important member of the BAG family. The known interaction partners of Bag-1, C-Raf and 

B-Raf serine/threonine-protein kinases are located on the MAPK pathway, regulating proliferation and 

cell survival. The interaction of Bag-1 with C-Raf and B-Raf plays a critical role in long-term survival of 

cancer cells. However, the exact role of Bag-1 in the Raf activation cycle due to phosphorylation is 

unknown. In this study, the interactions between Raf kinases and pro-survival Bag-1 protein in breast 

cancer cells were investigated in the Raf activation cycle. 

In our study, to investigate the dependence of Bag-1/Raf kinase interactions on phosphorylation, the 

interactions of active or inactive Raf kinases with Bag-1S and Bag-1L isoforms were investigated by His-

precipitation experiments. First, the His6x-labeled Bag-1S, Bag-1L, C-Raf and B-Raf cDNA sequences 

were cloned into the mammalian expression vectors and MCF-7 breast cancer cells were transiently 

transfected by the vectors. Bag-1/Raf interactions were tested by performing His-precipitation 

experiments with protein lysate from transfected cells. The amino acids Ser338 and Ser446, which 

served in the first step of the activation cycle of C-Raf and B-Raf, have been replaced by aspartate 

amino acid through site-directed mutagenesis that mimics phosphorylation. Inactive Raf kinase forms 

were created by converting the same serine amino acids into alanines to inhibit phosphorylation. 

His-precipitation experiments showed that Bag-1L interacts with the phosphomimetically active forms 

of Bag-1S predominantly while interacting with fully inactive C-Raf and B-Raf. Immunocytochemistry 

experiments with Bag-1S confirmed the dependence of Bag-1/Raf kinase interaction on 

phosphorylation. The active and inactive Raf kinase forms of Bag-1 and phosphorylation-dependent 

isoform-specific interaction suggest that Bag-1 protein stabilizes its active forms rather than activating 

Raf kinases. Clarifying the role of Bag-1 in the Raf activation cycle due to phosphorylation will 

contribute to target the MAPK pathway that is involved in long-term survival of cancer cells. 
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Lanthanide metals are highly versatile owing to their magnetic, electronic and photonic properties. 
They can be used in medical imaging, magnetic, electronic and photonics devices, catalysis, energy and 
metal extraction processes. The fact that the lanthanides are highly paramagnetic and/or possess high 
magnetic moments, they can be exploited in contrast agents to gain better resolution in magnetic 
resonance imaging (MRI), tomography reagents and magnetic/electronic device technology that is in 
use every day.1-2 

In this study, we have designed and synthesized a new lanthanide complex, which is capable of multiple 
channel emissions. Furthermore, it will be shown that this new material can be used as a sensor in the 
determination of biologically important species. 
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Carbazole nucleus is considered as an important 
bioactive heterocyclic building block for the 
discovery of new biologically active agents in 
medicinal chemistry. Carbazole derivatives are 
well known for their pharmacological activities 
such as anti-oxidant, anti-inflammatory, anti-
bacterial, anti-tumor, anti-convulsant, anti-
Alzheimer, anti-psychotic and anti-diabetic [1]. 
Furthermore, some derivatives of carbazole are 
strong or moderate antitumor activity against 
various cell lines by a variety of mechanisms 
others show potential multifunctional agents for 
the treatment of neurological disorders. Especially 
three derivatives (Celiptium®, Alecensa®, 
Rydapt®) have obtained marketing authorization 
with anti-cancer drug status in different countries 
[2]. Thiosemicarbasides are of great importance in 
pharmacology, are quite widely used compounds 
in medicine and veterinary medicine. Triazole 
compounds are known to have highly important 

biological properties such as antimicrobial, antitumor, antioxidant, enzyme inhibitor, antidepressant, 
antituberculous, anti-inflammatory, antihypertensive [3]. 
 
In this study, 18 new thiosemicarbasides and 1,2,4-triazole compounds were synthesized after a series 
of reactions based on carbazole. The reactions completed within a very short time and could be gained 
with good yields. Structure of the products (4a-z and 5a-z) were characterized by 1H-NMR, 13CAPT-NMR, 
HETCOR-NMR as well as by LC-MS techniques. Biological activity tests on these compounds are 
ongoing.  
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Ketene addition are one of the most important reaction in organic chemistry due to serve as building 

block for the synthesis of cyclobutane ring via [2+2] addition in termal condition1,2. Also, haloalcohols 

and the other halomolecules are very effective molecules in terms of biological activities and they can 

use as starting compound for the synthesise of other important molecules3,4.  

 

 

 

 

In the beginning, the starting material bicyclo[4.2.0]oct-3-en-7-one was prepared through a [2+2] 

ketene addition reaction between dichloroketene and 1,4-cyclohexadiene (1) as reported in 

literature5,6. Then, the halo-monoalcohols 2 and 4 were obtained from reduction reactions of starting 

compound with LiAlH4 and NaBH4 separately. Also, the compound 3 was obtained from compound 2 

with oxidation reaction. After the successfully synthesized of target molecules, the antioxidant 

activities have been examined by using DPPH method. 
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Özet 

Bal, bitki nektarlarının, bitkilerin canlı kısımları salgılarının veya bitkilerin canlı kısımları üzerinde 
yaşayan bitki emici böceklerin salgılarının bal arısı Apis mellifera tarafından toplandıktan sonra kendine 
özgü maddelerle birleştirerek değişikliğe uğrattığı, su içeriğini düşürdüğü ve petekte depolayarak 
olgunlaştırdığı doğal bir üründür. Ülkemiz zengin ve çeşitli florası sayesinde arıcılık konusunda 
dünyanın en önemli ülkelerinden biridir. Balın %85’i fruktoz ve glukoz olmak üzere karbonhidratlardan 
oluşurken, baldaki toplam karbonhidratların %5-10’u ise oligosakkaritlerdir (Bogdanov vd., 2008). 
Glisemik indeks (Gİ), diyetteki karbonhidratların in vivo sindirimi ve emilimi ile ilgili bir terimdir. 
Glisemik indeks (Gİ) değeri düşük olan gıdalar, kan şekerinin daha yavaş yükselmesine sebep 
olmaktadırlar (Frost vd., 1999) Gıdaların Gİ düzeyleri; obezite, diyabet,mellitus, insülin direnci ve kalp 
damar hastalıkları gibi yaygın olarak görülen kronik hastalıkların önlenmesi ve tedavisinde önemlidir. 
Balın şeker kompozisyonu floral kaynağına göre değiştiği için balın Gİ’nin de floral kaynağa göre 
değişebileceği düşünülmektedir (Silici ve Soylu,2015). Bu çalışma, monofloral ballarda kestane ve 
narenciye ballarının Glisemik indekslerini (Gİ) belirlemeye yöneliktir.  Bu çalışma, gönüllü olarak bu 
testlerde görev alan, hiçbir rahatsızlığı olmayan, sürekli ilaç kullanmayan 20-40 yaş arası 9 kişi (5 Bayan 
ve 4 Erkek) ile gerçekleştirildi ve yapılan çalışma sonunda narenciye balının glisemik indeksi düşük, 
kestane balının ise orta düzeyde olduğu görüldü. 

Teşekkür: Bu çalışma TAGEM 17/ARGE/13 Nolu proje ile desteklenmiştir. 
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Abstract  

Carbon nano-dots are carbon-based nanoparticles less than 10 nm. Due to their biocompatibility, low 
toxicity and high fluorescence intensity, they have been the subject of studies involving especially 
biological applications in recent years. Their high fluorescence capabilities and low toxicity make them 
enable to be an excellent imaging agent and drug carrier for living cells and tissues.  

In this study, the carbon nano-dots prepared by using cysteine as a compound of biological importance 
were investigated for their cytotoxic effects on non-small cell lung cancer cell line (NSCLC) cancer cells, 
A549. Carbon-dots were prepared hydrothermally under 150-300°C for 2-8 hours. Characterization of 
the prepared carbon nano-dots was performed using FTIR spectroscopy, UV-GB spectroscopy, 
Fluorescence spectroscopy and TEM images. Then the nano-dots (100µg/ml, 1.5mg/mL-3mg/mL-
6mg/mL) have been applied to A549 NSCLC cells and Beas-2b lung epithelial cells for 24 hours and the 
effects of nano-dots on the cell lines have been analyzed by 3-(4,5-dimetiltiyazol-2-il)-2,5-
difeniltetrazolyum bromur (MTT) assay. He nano-formulations increased the cell survival in both cell 
lines except for the M9 one. M9 decreased the cell proliferation of A549 NSCLC cell lines whereas it 
didn’t show any cytotoxicity in Beas-2b healthy epithelial cells.  

In conclusion most of the sistein carbon dots did not reveal cytotoxicity in NSCLC cell lines however 
our further studies are ongoing to increase the antiproliferative effects of these dots using different 
amino acid derivatives. 
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Azot içeren spiro-heterohalkalı bileşikler çeşitli doğal bileşiklerin yapısını oluşturdukları gibi, biyolojik 
aktivite de göstermektedirler. (Kotha et al., 2009; Bartoli et al.,2011). Yapılan literatür taramasında 
kalkon türevlerinin barbitürik asit ile olan reaksiyonundan oluşan diazaspiro[5.5]undekan-1,3,5,9-
tetraon bileşiklerinin antibakteriyel (Goel et al., 2005) ve mantar önleyici (Behera et al., 2009) 
özelliklerinin yanısıra CNS depresan (Behera et al., 2006), antikonvülzan (Rajopadhye and Popp,1988) 
gibi biyolojik özellikler gösterdiği de belirtilmiştir.  
 
Literatürde yapılmış olan sentezlerden yola çıkılarak çeşitli kalkon türevlerinin (1,5-Diaril-1,4-
pentadien-3-on) (2a-e) N,N-dietil 2-tiyobarbitürik asit (1a) ile bazik ortamda oda sıcaklığındaki 
reaksiyonu sonucunda yeni 7,11-diaril-3-tiyookso-2,4-diazaspiro[5,5]undekan-1,5,9-trion bileşiklerinin 
(3a-e) sentezleri gerçekleştirilmiştir. 
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SELECTING “WORST CASE” FOR EQUIPMENT CLEANING VALIDATION 

                                                                       Pelin Vural 
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It is mandatory to carry out Equipment Cleaning Validation for the products to be produced in shared 

equipments. The Cleaning Proces is defined according to the results of Equipment Cleaning Validation. 

The “Worst Case” selected within the validation stage is the basis of establishing effective Cleaning 

Process. The Cleaning Process which is selected according to the “Worst Case” and validated by the 

approprite analytical controls is supposed to be effective for all products within the same group. 

That’s why the criteria for selecting the “Worst Case” is very critical for performing a successful 

cleaning validation.  

While the requirement of “Worst Case” selection is indicated in the International Guidelines of PIC, 

WHO, Eudralex and FDA, the selection criteria are not defined precise enough. This uncertainty can 

cause wrong Cleaning Process implementations. 

The aim of this study is to define safe and practical selection criteria for the “Worst Cases” to be 

indicated within the Cleaning Validation implementations. 

The “Worst Case”criterias are defined with the help of some literatures and the pharmaceutical 

experiences of the writer. The defined criteria is grouped into 2 categories; 

1.Group of Selection Criteria(API/Product)  2.Group of Selection Criteria(Excipient) 

Chemical Structure of residual API Chemical Structure of residual Excipients 

Polar/Apolar Status of residual API Polar/Apolar Status of residual Excipients 

Polarity Degree of residual API Polarity Degree of residual Excipients 

Potent of residual API Toxicity of residual Excipient 

Maximum Carry Over residual of API Concentration of residual Excipient 

Toxicity of residual API Color of residual Excipient 

Concentration of residual API                                     RESULT 
                - Cleaning Process Worst Case Excipients  
            -Analytical Method for Cleaning Detergent  

                               -Validation of Analytical Method 

Color of residual API 

Equipment Contact Surface Area 

Manufacturing Process of Product 

RESULT 
- Cleaning Process for Worst Case API 
- Analytical Method for Worst  API and Cleaning Agent 
-Validation of Analytical Method 

-Finalization- 
The 2 criteria are the basis for rating API/Product and 

Excipients 
The ratings result with; 

- 2 Cleaning Processes                    -2 Analytical Methods 

Acknowledgement: 

       Pharmaceutical Manufacturing Experience is the basis of the “Worst Case” selection criteria.  
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Ülkemiz zengin bir bitki florasına sahiptir ve bu bitkilerin büyük bir çoğunluğu tıbbi bitkilerden 
oluşmaktadır. Ayrıca ülkemizin endemik türler bakımından zengin olması, bu türlerin fitokimyasal 
özellikleri hakkında merak uyandırmıştır. Sığla ağacı, halk arasında Günlük ağacı, Akamber ağacı ve 
Buhur ağacı olarak da bilinmektedir. Yeryüzünün Üçüncü (Tersiyer) Döneminden, yani yaklaşık 65 
milyon yıl öncesinden günümüze kadar gelen ve Anadolu’da yayılış gösteren Anadolu sığla ağacı 
(Liquidambar orientalis) ülkemizde yoğun olarak, Muğla ilinin Marmaris, Fethiye, Köyceğiz, Dalaman 
ve Ula İlçelerinde Liquidambar orientalis Var. orientalis ve Liquidambar orientalis Var. integribola 
adlarıyla 2 varyete şeklinde doğal olarak yayılış göstermektedir (Duru vd., 2002). Sığla ağacının Muğla 
ilinde yetişen bu iki varyetesinin yaprak, meyve ve reçine ekstrelerinden yaptığımız birçok çalışma 
bulunmakta olup burada sadece reçine ekstrelerinden yapılan çalışmalardan bahsedilecektir. Sığla 
reçinesi, halk arasında özellikle yetiştiği bölgelerde çeşitli hastalıkların tedavisinde sıklıkla 
kullanılmaktadır. Özellikle reflü, gastrit ve ülser gibi mide hastalıklarında kullanıldığı bilinmektedir 
(Bozkurt vd., 1989; Fıçıcıoğlu, 1988; Aureli vd.,1992; Baytop, 1999). Dünyada yayılış gösteren 
Liquidambar türlerinin reçinesinin çeşitli biyolojik aktivitelere sahip olduğu bilinmektedir. Muğla 
bölgesinde yayılış gösteren Liquidambar orientalis varyetelerinin reçinelerinin homojen olarak 
karıştırılması sonucu günümüzde giderek artış gösteren gastrit ve ülser gibi hastalıklar için yan etkisi 
olmayan etken maddelere ulaşılması amaçlanmaktadır. Ülkemize endemik olarak yetişen Liquidambar 
orientalis reçinesi, “Storax veya Turkish sweetgum” isimleriyle uluslararası ticarette yerini almıştır. Bu 
çalışmada, kahverengimsi sarı renkte olan reçine, Sığla ağacı gövdesinden elde edildi. Liquidambar 
orientalis reçinesinden farklı çözücüler kullanılarak ekstraksiyon işlemleri yapıldı ve üreaz enzim 
inhibisyon aktiviteleri belirlendi. Üreaz enzim inhibisyon aktivite testi sonuçlarına göre, Liquidambar 
orientalis reçinesinin tüm ekstrelerinin üreaz enzimini farklı düzeylerde inhibe ettiği görüldü ve 
konsantrasyon artışına paralel olarak enzim inhibisyon aktivitelerinin de arttığı belirlendi. Metanol ve 
etilasetat ekstresinin 200µg/ml konsantrasyonda diğer ekstrelerden daha yüksek üreaz enzimini inhibe 
ettiği görüldü. Ayrıca, 200 µg/ml konsantrasyonda etilasetat ekstresinin aynı konsantrasyonda standart 
olarak kullanılan tiyoüreyle yarıştığı gözlendi. Sonuç olarak, tüm bu veriler değerlendirildiğinde, 
Liquidambar orientalis reçinesinin etilasetat ve metanol ekstrelerinin üreaz enzim inhibitörü açısından 
doğal bir kaynak olarak kullanılabileceği kanaati oluşmaktadır. 

Teşekkür: Bu çalışma, TÜBİTAK 118Z417 nolu proje ile desteklenmektedir. 
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Nitrile functional groups in organic molecules (R-CN) can readily be transformed into a variety of 

structures such as ketones, branched alkyl groups, 1,2-diamines, amides, ethers, alcohols, aldehydes, 

and α-amino acids.1,2 Moreover, nitrile containing species are important substrates in  medicinal 

chemistry to access versatile structures that can be  used for the  optimization of drug candidate-drug 

target interactions.3 Many traditional methods yielding compounds with cyano groups utilize alkyl or 

aryl halides as starting materials although the processes include toxic, expensive, and waste-intensive 

approaches.4,5 Recent photoredox-catalyzed methods have shown that cyano groups can be 

introduced via direct alpha-C-H functionalizations of amines. However, such approaches show 

limitations in their substrate scopes, that are due to the radical mechanism of the reactivity6,7. 

 

In this presentation, we demonstrate a new strategy for alpha-C-H cyanation, which proceeds through 

an Fe catalyzed, non-radical pathway, which will lead to broader functional group tolerance. 
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In the past few decades, it has been proven that one of the hallmarks of cancer may be 
epigenetic abnormalities. As an example, in post-translational modifications of histones 
responsible for gene transcription, chromatin remodeling and nuclear architecture 
modulation may play an important role in tumor development and progression [1]. These 
biological processes are controlled by opposing activities of histone acetyltransferases (HATs) 
and histone deacetylases (HDACs) [1]. Histon DeACetylase (HDACs) enzymes remove acetyl 
groups from histones and non-histone proteins; and regulate the target genes expressions [2]. 
HDACs generally function as transcriptional suppressors; by removing the negatively charged 
acetyl groups from histones, it stabilizes the nucleosomal DNA- histone interaction by 
preventing transcription of oncogenes and tumor suppressor genes and inhibits 
differentiation, while histone acetyl transferases (HATs) catalyze gene transcription [3-5]. 
Overexpression and mutations of genes encoding HDAC proteins are associated with 
carcinogenesis due to the induction of key genes responsible for cell proliferation, cell cycle 
regulation, and apoptosis [6, 7]. Therefore, the idea of inhibition has been the most promising 
therapeutic approach to control tumor formation of HDAC enzymes [7]. 
In this study we were synthesized a series of new benzothiazole derivatives and investigated 
their anticancer activity in 9 different cell lines (A549, MCF-7, PC-3, HEP-3B, HELA, HT-29, K562, 
Raji, NIH3T3) using MTT method. Some of the compounds were found to show higher activity 
especially in K562 and A549 cell lines and docking studies were performed on HDAC enzyme 
in order to explain the mechanism of action of compounds. 
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One of the major class of supramolecular host systems among macrocyclic oligophenols are 
known as calixarenes which are formed of phenolic units linked through the ortho positions and have 
attracted much attention due to the simplicity of their preparation, unlimited chemical modification 
potential, and a unique three-dimensional structure [1]. They are widely used for promising materials 
for sensor applications due to their sensing ability and sensitivity. Calix[n]arene-based molecules as 
receptor building platforms have been attracting special attention for sensing metal ions due to 3D 
structure, flexible template, and wide possibility of chemical modifications and are suitable for 
bioimaging application. They display different conformations providing perfect cavities with special 
shapes and sizes for cations. Several strategies working with fluorescence quenching mechanisms have 
been reported for the detection cations and anions in literature.  

In this study we synthesized of the lower rim-functionalized NBD-based calix[4]arene 
derivatives and characterized by different spectroscopic techniques such as 1HNMR, 13CNMR, FTIR and 
Fluorescence Spectroscopy [2]. The absorption and emission properties of the synthesized probe were 
investigated in detail. We have tested the compounds by using the fluorometric and colorimetric 
methods and obtained a selectivity toward Cu+2, F- and H2PO4

-  ion  in acetonitrile in the presence of 
competing ions Al+3, Zn+2, Cu+2, Na+,  Fe+2, Sn+2, Hg+2, Co+2, Pb+2, Fe+3, Cr+3, Cl-, Br-, I-, PO4

3-, HSO4-, SO4
2-, 

NO3
-, CH3COO- etc.  The synthesized new compounds were performed the proliferation and 

intracellular imaging studies in the breast cancer cell line.  
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Researches on the design of anticancer agents are still a preceding hot topic for the drug 

industry to promote more potent anticancer drugs to the market. However, one of the main problems 

for all available and upcoming anticancer drugs is the selectivity. Therefore, new trends have been 

developed for targeted chemotherapy during the last decades. Calixarenes, composed of phenolic 

units linked by methylene bridges at the 2,6‐positions, represent a versatile class of macrocyclic 

compounds in supramolecular chemistry that can host small molecules or ions in their well‐defined 

hydrophobic cavities. The functionalized calixarene derivatives exhibit remarkable properties towards 

organic and bioorganic molecules. However, the ability of calixarene derivatives to form stable 

complexes with biomolecules allows them to be applied for the development of biosensors and in the 

field of biology, biotechnology, and drug discovery. Therefore, the calixarenes functionalized with 

different pharmacophoric groups have been synthesized as the target structures by many researchers 

and were further evaluated for their biological activities. Owing to their promising biological activities 

such as antiviral, antibacterial, antifungal, and anticancer, the functionalized calixarenes are recently 

receiving increased attention from the pharmaceutical/medicinal chemistry community.  

The aim of the present study is the synthesis of the cationic group bearing calix[4]arene 

derivatives at lower rim and evaluation of their cytotoxic potential for human cancerous cells. The 

compounds NM and MP selectively inhibited proliferation of DLD-1 (9.7 µM and 8.8 µM) and CCD-18Co 

cells (420.9 µM and 270.1 µM), respectively.  
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The synthesis of many compounds that are widely used in the production of drugs, dyes, polymers and 

plastics are enabled by the reduction reactions through the transfer hydrogenation reaction which is 

one of the essential reactions of chemical industry. These types of hydrogenation reactions either in 

industry or synthetic organic chemistry laboratories are generally performed at high pressure and 

temperature using molecular hydrogen gas (H2) supplied by pressurized tanks in a specific high-

pressure reactors. However, the requirement of special conditions and the dangers resulted by using 

these special conditions make the development of a hydrogenation method providing high yields and 

product selectivity along with being easy to operate is an important research topic.1,2  
 
In this work, a new, efficient, environmentally benign hydrogenation of nitrobenzene derivates was 

performed for the first time using the transition metal nanoparticles supported on composite materials 

obtained by intercalation of metallic aluminum nanoparticles between the layers of two-dimensional 

carbon support materials with large surface area (reduced graphene oxide (rGO)).3 
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Aldehydes are one of the most important intermediate that using in organic reactions and in the 
industry. For example, plasticizers, polyols and carboxylic acids can be obtain from aldehydes with 

condensations, reduction and oxidation reactions, respectively1. Also, there are many examples that 
using aldehydes as intermediate for the synthesis of other important molecules, in the literature2,3. 

 

Reaction between dichloroketene and 1,4-cyclohexadiene (1) was prepared and starting compound 2 

obtained with high yield4,5. Then, the reduction reaction of compound 2 has been set up for obtain 

halo-monoalcohol 3 with LiAlH4 but surprisingly also appeared the aldehyde 3 and halo-monoalcohol 

5 from quasi favorskii reaction. After the separation and purification, the diol-aldehyde 6 was obtained 

from compound 4 with using OsO4/NMO. In addition to the synthesis, the DPPH scavenging activity of 

aldehydes 4 and 6 have been investigated. 
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1236] for their financial support to this work. 
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Since the beginning of the 21st century, many publications have revealed the presence of drug and 

dyes waste on the surface and in wastewater [1]. Meloxicam, one of the micro-pollutants, has been 

found to be at a level that can create potential toxicological risks to living organisms, even at low 

concentrations in wastewater [2]. Most of the pharmaceuticals are not biodegradable and their 

degradation intermediates are more hazardous, therefore they must be removed from water 

environments or reduced to appropriate levels [3]. Compared to traditional processes, the 

sonocatalytic degradation method has many advantages, such as easy handling, strong disintegration 

of waste and cheap cost [4]. In general, true antibiotics have high concentration and deep color 

properties for wastewater. In recent studies, the application of the sonocatalytic degradation process 

has received intense attention [5]. Removal of pharmaceutical compounds by conventional 

wastewater treatment methods is limited due to their resistance to physical, chemical and biological 

treatments at low concentrations [6]. Diclofenac is the most common pain reliever and most 

commonly used anti-inflammatory drug in the United States [7]. Processes such as ultrasonic 

treatment, ozonation and photocatalysis with semiconductors are AOPs with high oxidation potential, 

producing highly reactive hydroxyl radicals for the decomposition of organic pollutants [8].  
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Sulfonamides are common group in various pharmaceutically active molecules with a broad spectrum 

of biological applications and act as antibacterial agents, diuretics, hypoglycemics to HIV protease 

inhibitors [1]. They are an inhibitor of the use of p-amino benzoic acid in the synthesis of folic acid, 

which leads to the formation of purine and DNA. This situation explains the mechanism of action of 

sulfonamides in the treatment of the mentioned diseases [2]. 

 

 

 

 

 

 

 

 

 

Fig. 1. The 3D (left) and 2D (right) interactions of 1UY6 protein and one of the target compounds. 

In this study, ten novel sulfonamides were synthesized and characterized by spectroscopies methods. 

To support experimental results, the theoretical calculations were performed with the DFT 

B3LYPmodel set. We focused on both as Carbonic Anhydraze II and Hsp90 (Heat shock protein 90) 

inhibitor. For this purpose, the molecular docking studies were performed with four different 

receptors. Considering obtained results, we can say that although sulfonamides are generally 

considered to be Carbonic Anhydraze II inhibitors, our docking scores support that these structures are 

potent anticancer inhibitors. 
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Background: Tumor microenvironment plays an important role in carcinogenesis, proliferation, 
progression, and invasion of cancer cells through cell-cell interaction (1). The co-culture system has 
advantage to evaluate cell-cell interactions of the cancer micro-environment (2). Also, this system 
provides an important working environment for drug studies (3). In our previous study, we aim to 
determine the therapeutic effects of drug-conjugated carrier system with enhanced stability and 
double moiety pH-sensitivity. So, the multifunctional micelles based nanocarriers which were loaded 
with Doxurobicin and conjugated with HER2 peptide that were synthesized to targeted HER2 positive 
cancer cells. Doxorubicin conjugated micelles with HER-2 peptide (DOX-HER-2-NCs) increased 
cytotoxicity significantly compared to doxorubicin conjugated micelles without HER-2 peptide (DOX-
NCs). A new co-culture environment was developed by (HER2+) SKBR-3 breast cancer cells and (HER-) 
K562 chronic myeloid leukemia cells. Next, viability of SKBR-3 and K562 cells were determined by using 
trypan blue staining. This study is the first in the literature and constitutes an important method for 
drug selectivity studies. During this study, the cell differentiation of K562 cells was suggested after 
microscopy observation. Next, K562 cells were transfected with GFP (488nm) and the interaction of 
cells with both surface and cells was examined by fluorescence microscopy. The synthesized micelles 
with HER2 peptide were more effective on SKBR-3 cells compare to K562 cells. It also showed that 
HER2 conjugated micelles had high drug selectivity on SKBR-3 cells. After the co-culture of transfected 
K562 cells and SKBR-3 cells at 24-hours, it was observed that the cells adhered to both surface and 
SKBR-3 cells and formed microvilli-like structures. Co-culture studies have an important role in drug 
development and determination of targeted drug efficiency because cell-cell interaction has a critical 
role in cellular processes such as the initiation and progression of cancer formation. This approach also 
provides to examine in vivo studies. Our future perspective, the cell adhesion molecule, and cytokine 
signals will be determined because they regulate cell invasion, migration, and metastasis. If the cell 
adhesion and cytokine signals will be targeted to control by inhibitors, it will decrease cell proliferation 
and induce cell death pathways. 
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Breast cancer is the most frequent cancer among women, affecting approximately 2 million women 
each year, and also causes the greatest number of cancer-related deaths among women. MCF-7 cell 
line was derived in 1970 from an effusion of 69-year-old female patient with invasive breast ductal 
carcinoma1. 

Tamoxifen is the most commonly used treatment for patients with oestrogen-receptor positive breast 
cancer and the WHO lists as an essential drug for the treatment. Due to tamoxifen, approximately 
more than 500,000 women have gained health today and millions more have benefited from extended 
disease-free survival2. 

Combination therapy created by using two or more therapeutic molecules together is a method that 
has many advantages over mono-therapy in cancer treatment. The most important of these 
advantages; lower dose effectiveness, multiple strategies can be used and side effects are reduced3.  

Gambogic acid is an anticancer traditional medicine that is isolated from Garcinia hanburyi. Gambogic 
acid that have been reported for its cytotoxic/anti-proliferative effects, has shown the ability to 
regulating multiple signaling pathways ranging from PI3K/AKT, mTOR to inhibition of histone acetylase 
transferase4,5. 

Aim of the present study is to investigate antiproliferative effect of combination of Tamoxifen -
Gambogic acid on MCF-7 human breast cancer cells by XTT method and values were calculated by 
CompuSyn software. In addition, the expression levels of some genes (Bcl2, Caspase-3, caspase-9 and 
Bax) were analyzed at both mRNA and protein levels using RT-qPCR and ELISA methods. 
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Breast cancer is the most common form of cancer in women worldwide, about 2 million new cases 
diagnosed and 627,000 patients died in 2018 [1]. Combination therapy is widely used in the treatment 
of cancer. The main reason for using anticancer treatment methods together is to obtain a better 
response while limiting adverse events [2]. 

Gambogic acid is a Chinese traditional medicine which is originally derived from resin of Garcinia 
hanburyi. Many studies have reported that gambogic acid has several biological properties, such as 
anti-proliferative, anti-metastasis, anti-oxidant and anti-inflammatory [3, 4]. Gambogic acid has been 
approved by the Chinese Food and Drug Administration for phase II clinical trial in cancer therapy in 
2012 [5]. 

Roche developed capecitabine was approved by the FDA as an anti-cancer (antineoplastic, cytotoxic) 
chemotherapy drug for patients with colorectal and breast cancer. Capecitabine is a fluoropyrimidine 
carbamate primarily metabolized by thymidine phosphorylase and converted to Fluorouracil that is an 
antimetabolite with activity against numerous types of neoplasms by three enzymatic steps [6]. 

In this research, we investigated the synergistic effect of capecitabine and gambogic acid on breast 
cancer MDA-MB-453 cell by XTT method and the combination index (CI) values were calculated by 
CompuSyn software. The synergy was examined with Bcl2, Caspase-3, caspase-9 and Bax mRNA and 
protein levels by quantitative real-time PCR and enzyme-linked immunosorbent assay (ELISA) in the 
capecitabine and gambogic acid-applied cells. 
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While most microorganisms cause different ailments in humans and animals, some of 

them cause their degradation by using organic materials.1,2 Products containing different 

active ingredients and used as commercial disinfectants help prevent hospital infections. The 

aim is to either stop or destroy harmful microorganisms in humans and animals.3,4 

Therefore, in this study, on different microorganisms strains; To determine the 

antimicrobial effects of Klebsiella pneumonia, Escherichia coli, Pseudomonas aeruginosa, 

Staphylococcus aureus and Listeria monocytogenes microorganisms, we will search on the 

different solution in which some essential agents include.2,4 In the study, disk diffusion, cavity 

agar and MIC (Minimum Inhibitory Concentration) techniques will be investigated. 
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Tetracyclic molecules have been used many pharmaceutical applications that include activity 
of serotonin and noradrenergic (norepinephrine) neurotransmitter systems in the brain. It is an 
important biochemical player in processes such as memory and physiological stimulation.1  

Fused tetraheterocyclic molecules are widely investigation due to their essential potentials 
such as agonist of GABAA α5 receptor,2 mirtazapine, treatment of human immunodeficiency 
virus(HIV),3 2 bis-alkylation reagent for DNA,4 neonicotinoid insecticide. 

However, synthesis of tetracyclic molecules requires costly terms such as harsh reaction 
conditions, expensive catalyst, strong bases or heavy metals, that makes it useless for economical and 
enviromental proses. According to this information, we designed an efficent molecule that  matches 
with the principals of green chemistry and is also atom economic. 

As a result tetracyclic compounds have been synthesized without using catalyst , base or heavy 
metal. The reactions was carried in a sealed tube, one step with high efficiency and with a percent of 
%95.5 atom economy . The sealed tube not only lowered the reaction period but also increased the 
reaction effeciency. 

                    
    

 
Acknowledgement :  This study was funded by the  TÜBİTAK ( 115Z894 )   
References 

1) Boeree, C. G. General Psychology. Shippensburg University. 2009, web, 2 

2)  Achermann, G.;  Ballard, T. M.;  Blasco, F.; Broutin, P.E.; Büttelmann, B.; Fischer, H.;  Graf, M.; 

Hernandez,  M.C.; Hilty, P.;  Knoflach, F.;  Koblet, A.; Knust, H.; Kurt, A.;  Martin,J.R.;  Masciadri, R.; 

Porter, R.H.P.;  Stadler, H.;  Thomas, A.W.;  Wichmann J.  Bioorg. Med. Chem. Lett. 2009, 19, 5746. 

3) Johns, B.A.; Weatherhead, J.G.; Aoyama, Y.; Yoshida, H.; Taoda, Y. Patent No: 2014, US 

8,691,823. 

       4) Ishiyama, T.; Murata, M.; Miyaura, N.  J. Org. Chem. 1995, 60, 7508. 

 

 

mailto:sergengul2222@gmail.com


 

 
 

                                 
 

 

 

Mirage Park Resort, 27 February – 01 March, 2020,  Kemer, ANTALYA 
 

In silico Molecular Docking, ADME and Druglikeness Properties of  

Aromatic Schiff Bases 

aZeliha Nur YILMAZ, aBülent DEDE 

aSüleyman Demirel University, Faculty of Arts and Science, Department of Chemistry  

Isparta, Turkey 

zelihanurrr@gmail.com  

 
Numerous molecules have been designed and synthesized by chemists for a long period of time. The 
relationships between the structure and biological activities of these synthesized compounds have 
been investigated to prevent many diseases. The designated molecules have been used efficiently in 
the field of pharmacology and medicine. However, it is a long and costly process for a synthesized 
molecule to be used as an active agent and eventually a drug. The efficient use of the quantum 
chemical computation and the proper statistical methods, have been made possible to acquire the 
desired molecular, atomic, electronic, vibrational, magnetic and even functional data of the 
synthesized compound. These data can also be used as the confirmation of the experimental results. 
Today, huge databases with online computational tools, that the vast majority of them accessed freely, 
are presented to the use of scientists. By these servers, one can simulate and calculate any property 
of any molecule desired. Schiff bases are among the most studied ones of those molecules. 
 

In this study, molecular docking ADME and druglikeness properties of previously synthesized and 
characterized two Schiff bases were investigated. Molecular docking studies were performed on 
SwissDock web server using EADOCK DSS algorithm whether they show any antineoplastic property by 
inhibiting vascular endothelial growth factor receptor-2 (VEGFR-2) and cyclooxygenase-2 (COX-2) 
enzyme which work together for the angiogenesis of the tumor tissue. In addition, ADME (absorption-
distribution-metabolism and excretion) and similarity properties of the compounds were also studied 
on Swiss Similarity and SwissADME web servers, respectively. 
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Heterocyclic compounds have an important place in biologically active molecules. Among these 
molecules, nitrogen atom containing heterocycles such as pyrrole, indole, and pyridine are widely 
distributed. Carboline derivatives, as an example, have indole and pyridine rings on its structure. They 
were isolated from Streptomyces sp. G324 which produce over two-thirds of the clinically useful 
antibiotics of natural origin such as bottromycins, chloramphenicol, cypemycin, grisemycin, and 
neomycin. Carboline derivatives also have some important biological activities such as anticancer, 
antimicrobial, antibacterial, anxiolytic, antiviral, anti-HIV and anti-Alzheimer.1-2 Therefore, they are 
important molecules to be synthesized and so it takes great attention to synthetic organic chemists. 
During this work, starting from easily found and cheap indole derivatives 1, carboline structure will be 
constructed by the annulation reaction of the 2- or 3- aldimine/ketamine derivatives of indole 2. This 
method serves a simple method to synthesize Oxopropaline derivatives a member of β-carboline 
alkaloids and reduce the cost of the known synthetic methodologies.3 

Synthetic scheme 
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Marrubium vulgare, from family Lamiaceae, is a popular traditionally used herb in many countries 

as an antidiabetic, antihypertensive, hypoglycaemic, anti‑thyphoid, antipyretic, anti‑diarrheic, 

anti‑icteric, anticoagulant, antispasmodic and diuretic agent [1, 2]. Marrubium vulgare Lamiaceae, 

commonly named white horehound, is a perennial aromatic herb of the Lamiaceae family and its 

known for its remarkable diterpene content. In this study was carried out to evaluate the in vitro 

antifungal activity of Marrubium vulgare L. methanol, dichloromethane, ethyl acetate, chloroform 

extracts against the filamentous fungi Fusarium oxysporum f. sp. lycopersici, Rhizoctonia solani, 

Phytophora infestans, Sclerotinia Sclerotiorum and Macrophomina phaseolina. While extracts has 

the moderate inhibition rate against Rhizoctonia solani, its has a very good inhibition rate at 5.0 % 

dose against other pathogens. Finally, the results of analysis of variance revealed that the extracts 

caused significant inhibition of mycelia growth of the fungi. 
 

 
Figure: Percent inhibition of Fusarium oxysporum f. Sp. Lycopersici and Macrophomina phaseolina 
mycelium growth with increasing doses of Marrubium vulgare L. in different solution extracts. 
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Nitrogen-containing heterocycles are ubiquitous in modern drug discovery. Medicinal 

chemistry teams frequently incorporate nitrogen atoms in aromatic and heteroaromatic ring 

systems to modulate key physicochemical properties such as lipophilicity, polarity, and 

hydrogen-bonding ability in their pursuit of new pharmacological agents. In recent years, 

pyrazolo[1,5-a]pyrazines have emerged as an important class of nitrogen heterocycles. They 

have been investigated in a variety of biological settings, including as kinase inhibitors (against 

JAK, GSK3, PI3K, and CHK-1 kinases), dopamine receptor agonists, V1b antagonists, and Orexin 

receptor antagonists.1 In fact, based on the number of diverse biological activities displayed 

by the compounds containing the pyrazolo[1,5-a]pyrazine motif, it could be considered 

privileged the core was central to the design of Janssen’s BACE-1 inhibitors for treatment of 

Alzheimer’s disease, positive allosteric modulators of metabolic glutamate receptor 5, 

selective HDAC6 inhibitors, potent cytotoxic agents that have subsequently been found to act 

as apoptosis inducers, design of their selective MK2 inhibitors.2 
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1, 3, 5-triazin üzerinde yapı-aktivite ilişkisi geliştirmek için çok sayıda sentez yapılmış ve bu bileşikler 

farklı biyolojik aktivite çalışmaları ile testleri gerçekleştirilmiştir. Özellikle bu bileşik türevleri son 

yıllarda etkin karbonik anhidraz inhibitörü çalışmalarında sıklıkla görülmeye başlamıştır. Bizde bu 

çalışmamızda daha önce etkinliğini karbonik anhidraz enzimi üzerinde göstermiş olduğumuz 1,3,5-

triazin türevi üreido benzen sülfonamitlerin sentezini tekrardan gerçekleştirerek antioksidan 

özelliklerini DPPH serbest radikal testi, ABTS katyon radikal testi, Cu(II) iyonu indirgeyici antioksidan 

kapasite yöntemi ve metal şelat yöntemi gibi biyoanalitik metodlar ile test ettik. Ayrıca, 

asetilkolinesteraz (AChE), bütirilkolinesteraz (BChE) ve tirozinaz enzim inhibisyon özellikleri de test 

edilmiştir. Elde edilen sonuçlar bu sunumda tartışılacaktır. 
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Silver nanoparticles (AgNPs) have been known as one of the most interesting nanomaterial 
because of their unique properties such as good conductivity and chemical stability. They also have 
good catalytic and biological activities (antibacterial, antiviral, antifungal, and anti-inflammatory).1 Due 
to these important properties of AgNPs, they have been widely used for drug delivery, nanomedicine, 
chemical sensing, cardiovascular implants, wound dressings, catheters, orthopedic implants, dental 
composites, cell biology, agriculture, cosmetics, textiles, the food industry, catalyst, antioxidants, and 
antimicrobial agents.2-3 

Although different methods are used to synthesize nanoparticles successfully such as physical 
(microwave and ultraviolet radiation, laser ablation) and chemical (polyol reduction and micro-
emulsion), these methods require the use of extreme conditions (eg. pH, temperature) and hazardous 
chemicals containing environmental and biological risks.4 On the other hand, biological nanoparticle 
synthesis is relatively new, eco-friendly, low-cost and compatible for biomedical and pharmaceutical 
applications. Biomolecules, such as polysaccharides, polyphenols, terpenoids, flavonoids, tannins and 
saponins from several plant extracts have significant roles in bioreduction of metal salts and 
furthermore, act as capping and stabilizing agents for synthesized nanoparticles.5 

In this study; biosynthesis of AgNPs was carried out with pomegranate peel extracts. 
Synthesized NPs were characterized using different techniques such as UV–vis spectroscopy (UV-VIS), 
Fourier transform infrared spectroscopy (FTIR), thermogravimetric analysis (TGA), X-ray diffractometer 
(XRD), scanning electron microscope (SEM) and energy-dispersed X-ray spectroscopy (EDX). 
Furthermore, the antimicrobial activity of phytochemically synthesized AgNPs was determined using 
agar diffusion method using clinically important pathogens containing Gram-positive and Gram-
negative test strains. 
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Heterocyclic compounds constitute the largest and most varied family of organic compounds. Today 

there are a lot of heterocyclic compounds are known, day by day the number is increasing rapidly due 

to the enormous synthetic research and also their synthetic utility. The behavior of heterocyclic 

compounds against cancer cells is examined. Glycogen synthase kinase 3 (GSK3) was identified over 20 

years ago as a protein kinase that phosphorylated and inhibited glycogen synthase, the enzyme that 

catalyzes the transfer of glucose from UDPG to glycogen. Glycogen synthase kinase-3 beta (GSK3B) was 

named due to its ability to phosphorylate and inactivate glycogen synthase. GSK-3 is considered to be 

a broad-spectrum spectrum enzyme that is involved in many intracellular regulatory mechanisms with 

more than 100 known substrates. Several studies have reported that some drugs, such as lithium, used 

in antipsychotic, antidepressant, and bipolar disorder decrease GSK-3 activity [1]. Recent work in 

colorectal cancer, pancreatic cancer and hepatocellular carcinoma [2] demonstrates that glycogen 

synthase kinase-3β (GSK-3β) is involved in the process of tumorigenesis. Inhibition of the expression 

and activity of GSK-3β attenuates cell proliferation and causes apoptosis in colorectal and pancreatic 

cancer cells [2]. GSK-3 is an evolutionarily conserved and ubiquitously expressed serine/threonine 

kinase and has two homologous mammalian isoforms encoded by different genes (GSK-3α and GSK-

3β; [3]). 

In this study, we were able to synthesize indazole and pyrrole-substituted maleimide derivatives which 

may show GSK-3β inhibitor properties. And also we investigated their anticancer activities against 

various leukemia cancer cell line. The structures of new synthesized derivatives are determinate by 

FTIR, 1H-NMR 13C-NMR (APT), HRMS. 
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1,3-nükleofil olarak 3-amino-1,2,4-triazol’ün modifiye Biginelli reaksiyonları 
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Dihidropirimidinonn (DHPM) türü bileşiklerin sentezleri 1893 yılında Biginelli tarafından 
gerçekleştirilmiştir. Bu reaksiyonda β-ketoesterler asit katalizörlüğünde aromatik aldehitler ve üre ile 
siklokondenzasyon reaksiyonuna uğratılarak dihidropirimidinon’lar elde edilmiştir. Biginelli bileşikleri 
olan DHPM'lerin biyolojik özellikleri, antikanser, kalsiyum kanal inhibitörleri, antiinflamatuar, 
antimikrobiyal ve antioksidan ajanlar olarak etkileri de Fátima vd. tarafından bir derlemede 
toplanmıştır.1  

Modifiye Biginelli reaksiyonlarında üre yerine 3-amino-1,2,4-triazol kullanıldığında, MCRs’un adım-
adım karakterinin kendisi ve 1,3-binükleofil olarak eşdeğer olmayan tepkime merkezlerine sahip olan 
3-amino-1,2,4-triazol, başlangıç ürünleri ile en az sekiz olası A-H formda ürüne yol açabilir (şekil 1).2 
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Şekil 1. Sekiz olası A-H form (Sedash vd., 2012) 

 Bu çalışmada başlangıç maddesi olarak aromatik aldehit yerine salisilaldehit türevleri, üre yerine 3-

amino-1,2,4-triazol türevleri ve 1,3-dikarbonil bileşiği yerine etil 2-metilasetoasetat’un kullanıldığı 

modifiye Biginelli reaksiyonları üzerinde odaklanılmıştır.  
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Organic carbamates have interesting applications in various areas including pharmaceuticals, 
agrochemicals, protection of amino group in peptide chemistry and polymers. They can also be applied 
as starting materials for the synthesis of other valuable compounds. Many compounds containing 
carbamate have shown gorgeous biological activities such as antimicrobial, antiviral, antibacterial, 
antifungal, anti‐cancer agents, HIV protease inhibitors, and the treatment of Alzheimer and Parkinson 
disease. There are many drugs containing carbamate in the market. Felbamate (1) (anticonvulsant 
drug), Rivastigmine (2) (anti-Alzheimer’s drug) and Albendazole (3) (antihelminthic agent) are a few of 
them.1,2 

 

As described above, carbamates show beneficial biological activities. Therefore, we focused on the 
synthesis of some carbamates from substituted phenethylamines. Carbamates were synthesized in 
yields ranging from 30% to 60%. 
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Heterocyclic compounds are considered one of the most important classes due to diversity in 

applications. Since heterocyclic compounds have various application areas, the development of new 

derivatives is of interest to synthetic organic chemists. 

Substituted indazole and pyrrole compounds, which show a wide spectrum of biological activity in 

heterocycle compounds, have also been a major area of study. Indazole and pyrrole derivatives have 

been reported to show antibiotic, anti-inflammatory and anti-cancer activity [1,2]. 

Likewise, structures containing imide function constitute an important class among bioactive 

compounds. Especially in pharmaceutical field, cyclic imide derivatives containing substituents in 

nitrogen atom are widely used. Maleimide derivatives have recently emerged as important 

pharmacophores and play a vital role as medical agents with a range of biological activities [3]. 

We focused on assembling all these units together and obtain a key compound which will be 

functionalized from the nucleophilic nitrogens for the anticancer drug discovery studies. The results 

obtained by performing the MTT Assay on the live leukemia cancer cell types of the synthesized 

molecules were evaluated and these data were compared with the known anti-cancer drug Imatinib. 
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Synthesis of Novel Symmetrical Sulfamides Derived  2-Aminotetralins 
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yusuf.akbaba@erzurum.edu.trSulfamides are involved in a wide range of biological activities. 
Nowadays, A number of sulfamide drugs have appeared in the markets. The sulfamide drug 
Quinagolide (1) is a dopamine D2 receptor agonist used to treat high levels of prolactin or 

hyperprolactinemia1. Moreover,  injectable antbiotic is doripenem2 (2) and  anticonvulsant3 compund 
3 (JNJ‐26990990) including  functional group of sulfamide in their structures.  

 

Sulfamides have important biological activities, therefore; the novel symmetric sulfamide derivatives 

12-15 have been synthesized in this study. The synthesis of symmetrical sulfamides 12-15, was 

achieved from 2-aminotetralins 5, 9-11 obtained from the commercially purchased 2-tetralone 4 and 

substitue methoxy-1-tetralones 6-8 .  
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Ethidium bromide (I) which is a phenantritium derivative, was first introduced as a trypanocidal drug, 
but its use is prohibited in humans due to its mutagenic effects [1,2]. This compound, which shows 
fluorescence when interacting with DNA, is currently used as a fluorescent dye in biochemical analysis 
[3]. The fact that the diamine structure in the compound is important in interacting with DNA has been 
a guide in the design and synthesis of different derivatives with diamine structure. Examples of these 
derivatives are 4',6-diamidino-2-phenylindole (DAPI) (II) and furamid (DB75) (III), which show a 
fluorescence property in which only the ring of the phenantride is replaced by various rings while 
maintaining the diamine structure (Figure 1) [4,5]. The fact that these three compounds are 
economically expensive has led to the need for fluorescent dyes that can be produced cheaper. In this 
project, which is based on this idea, various derivatives have been designed that carry the imidazo[1,2-
a]pyridine ring in which the diamine structure is preserved in the phenyl rings (IV) (Figure 1) [6]. The 
distances between the amine groups on ethidium bromide, DAPI, and DB75 compounds were 
theoretically measured, and the distances in the designed compounds were determined to be close to 
these three compounds. Within the scope of the study, UV-vis/ fluorescence imaging and DNA binding 
studies of imidazopyridine derivatives containing amine and amide groups will be performed. 

           
 

I             II                III                     IV 

Figure 1.Chemical structures of ethidium bromide (I), DAPI (II), DB75 (III) and imidazo[1,2-a]pyridine 
derivatives (IV)  
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Candida rugosa is an important industrial lipase due to its wide application in oil hydrolysis, 

transesterification, esterification and enantioselective biotransformation.1 Thus, lipase is becoming 
one of the most industrially used enzymes due to its high stereoselectivity, regioselectivity, and low 
price. 

Naproxen, (S)-(+)-2-(6-methoxy-2-naphthyl) propionic acid is a kind of an important group of 
medicines called non-steroidal anti-inflammatory drug with analgesic and anti-pyretic properties, 
which is widely used in the treament of rheumtic and other inflammatory and for the relief of mild to 
moderate pain.2,3 It has one stereogenic center which gives rise to two optical isomers in which 
pharmacological activity resides in the (S)-enantiomer, while the (R)-enantiomer causes some 
unwanted side effects. The physiological activity of the S form of naproxen is 28-fold that of the R 
form.4  

In this study, Immobilized Candida rugosa lipase with water soluble p-sulfonatocalix[4]arene-
adorned Fe3O4 nanoparticles (p-SCX4-NP-E) was prepared for the first time. The catalytic activity on 
pH dependence, and reusability of the immobilized lipase were also investigated with the hydrolysis 
reaction of p-nitro-phenylpalmitate (p-NPP). The results show that p-SCX4-NP-E exhibited the highest 
catalytic affinity at pH 5.0, and particularly enhanced reusability properties. It has also been noticed 
that the p-SCX4-NP-E has excellent enantioselectivity (E = 160) as compared to the free enzyme (E = 
24) with an ee value of >98% for S-Naproxen. 
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Lipases (EC3.1.1.3), belong to the hydrolases class of enzymes. Lipases are the most popular of 
the enzyme class, because they have important catalytic activity, very versatile enzyme, eminent 
specificity for some substrates. Lipases use in different Industry, such as food, chemical, ester 
synthesis, detergents, biofuels, pharmaceutical, medical, separation of enantiomers, production of 
biosensors, bioremediation, paper, textile, leather, aroma and flavor enhancement. Nonetheless, 
lipases, have some great of the problem, such as high cost of acquisition, low operational stability, and 
difficulties of recovery, low stability and difficulties of recovery.1 

Many methods are used to denature of enzyme, such as heating, supplement of acid-base, 
concentrated urea solution, guanidine chloride and sodium dodecylsulfate (SDS).2 In this study, we 
preferred to use the heating method.  

In this study, it was aimed to increase the activity and stability of Candida rugosa lipase (CRL) 
and denatured CRL. For this, first CRL activity was measured. Later, equivalent amount CRL was 
denatured, then and denatured CRL enzyme activity were measured. CRL and denatured CRL were 
modified with L-proline by means of amide bonds between the free amino groups of CRL and the 
carboxyl groups of L-proline, which activated by EDC/NHS treatment, thus both free and denatured 
enzyme were modified. The modified CRL and denatured CRL were examined their solvent stability, 
pH and thermal stability.3,4 
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As one of the most significant members of aromatic heterocycles found in most natural products and 
drugs, the indole moiety has been used in the past decades to synthesize many different fluorophore 
derivatives [1-2]. A symmetrical cyclotrimer derivative of indole, triazatruxene is planar, conjugated 
aromatic molecule with strong electron-donating ability [3]. The triazatruxene complexes behaves 
similarly to fluorescent probes given the superiority of its weak π–π stacking backbones, namely in 
interactions that decrease fluorescence [4]. The Rodamine derived probe, in which triazatruxene is 
used as a fluorophore core, has been found to selectively have colorimetric and fluorometric sensor 
properties against Al3+, Fe3+ and Cr3+ metal ions via the TBET pathway. The probe demonstrated high 
sensitivity at the nano-molar level and rapid response (<15 s) [5]. In this study, we designed and 
synthesized a new fluorophore based on triazatruxen, which was derivatized with fluorescein. 
Potential selectively sensor activity against specific metal ions and activity in live cell imaging of the 
structure are still being studied. 
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Tetrazoller, dört adet azot ve bir adet karbon atomu içeren aromatik ve heterosiklik 
bileşiklerdir. Tetrazol halkası içeren bileşikler, antiviral, antibakteriyel, antifungal, antialerjik, antiülser, 
antikonvülsan, antiinflamatuar, antitüberküloz gibi farmakolojik etkinliklerinden dolayı ilaç etken 
maddelerinin yapısında sıklıkla kullanılmaktadır. Ayrıca tetrazol içeren bileşikler, kan beyin bariyerini 
kolayca aşabildikleri için antidepresan türü ilaçların yapılarında da genel olarak kullanılabilmektedir [1-
3]. Bu çalışmamızda tetrazol ve azot atomu içeren Triple Reuptake İnhibitörü (Üçlü geri alım inhibitörü) 
potansiyeline sahip heterosiklik bileşikler sentezledik. Bu yapıdaki bileşikler, majör depresif bozukluğa 
neden olan bazı hormonları engellemektedir.  Yapılan bir araştırmada; piperidin halkası içeren 
bileşiklerin etkinliği incelenmiş, majör depresif bozukluğun azaldığı ve antidepresan etki gösterdiği 
bulunmuştur [4]. 
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Urea is a naturally occurring compound and its derivatives have been extensively investigated 

due to their wide spectrum biological activities including anticonvulsan, antibacterial, 

antiatherosclerotic, antibiotic and hypoglycaemic effect and antitumour activities [1].  
 

Thiazole ring is a 5-membered aromatic ring containing a nitrogen and a sulfur atom and, Its 

derivatives are useful compounds for synthesis of biologically active agents like anticancer, 

analgesic, antimicrobial and anti-inflammatory agents [2].  
 

Cancer is one of the most important health problems and causes the death of about ten million 

people annually. A large number of thiazole derivatives have potent anticancer activity [3] and 

also there is a urea unit in the structure of drug active substances such as Sorafenib, Lenvatinib 

and Regorafenib, which are widely used in cancer treatment.  
 

We aim to synthesize a series of new hybrid compounds containing both urea and thiazole 

ring and evaluation for their anticancer activity. 
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Bupivacaine is a new amide-type local anaesthetic agent of long duration of action [1]. Although there 
are many studies in the literature for bupivacaine determination, no studies with electrochemical 
techniques have been found. So that, a new square wave voltammetry method was developed. The 
effect of stripping modules such as including accumulation time and accumulation potential which 
have a significant effect on peak current and peak potential were examined in detail. SWSV modules 
can be summarized as ΔE=60 mV, tacc=60 s, Eacc= 200 mV, f= 125 Hz and ΔEs=7 mV in pH 7.0 B-R 
buffer solution on the glassy carbon electrode (GCE). The validation modules such as limit of detection 
(LOD), limit of quantitation (LOQ), repeatability of peak current and potential for a novel SWSV which 
is the first time analysis of bupivacaine were evaluated to show precision and accuracy of proposed 
methods. The dynamic working range was found as 0.3 – 12.5 mg/L in pH 7.0 B-R buffer solution on 
the GCE. 

 

Figure 1. SWSV voltammograms at different frequencies in pH 7 B-R buffer solution on the GCE 
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Alzheimer's disease (AD) is a progressive fatal neurodegenerative disease characterized by impaired 
ability to perform daily activities and cognitive dysfunction and various neuropsychiatric symptoms 
later in the disease. In the treatment of AD, increasing the level of acetylcholine and suppressing the 
enzyme acetylcholinesterase (AChE), which breaks down acetylcholine, is one of the most common 
treatment methods. Pyridazinone chemistry has become an interesting topic in recent years, synthesis 
and chemical and biological properties of pyridazinone derivatives; biological, pharmacological and 
medical aspects have gained great importance [1-3]. Numerous neuroprotective agents carrying the 
pyridazinone ring have been reported, particularly in the last 20 years. The compound containing the 
pyridazinone ring has been reported to have significant neurogenic effects on human nerve progenitor 
cells [4]. The synthesis of new and side-effects of AChE inhibitor drugs will make it more possible to 
slow down the course of AD and reduce symptoms. The structures used in the study were synthesized 
for the first time and the Quantitative Structure-Activity Relationship (QSAR) was studied by MCET 
method [5-7]. Thus, quantum chemical, conformational analysis calculations were made for the related 
compound series and the pharmacophore group was found. 

 

Figure 1. Three-dimensional representation of compound 4a in the series. 
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Anthrax is an acute infectious disease caused by Bacillus anthracis, mainly found in the form of spore.1 
The spore have been found all over the world with its stability in the soil for many years. Exposures to 
more than 104 Bacillus anthracis spore can cause death within 24-28 hours if an effective treatment is 
not performed.2,3 Therefore, Bacillus anthracis can be mentioned as a potential bioterrorism agent or 
biological weapon.  

In this study, we have synthesized a new compound which can selectively detect DPA, anthrax marker, 
in aqueous solution. The ability of the designed compound to detect DPA has been clarified 
photophysically with a sharp intensity change in the phosphorescence emission band. 
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Reactive oxygen species (ROS) are an important class of reactive intermediates and play important 
roles in some biological pathological processes.1 However, ROS are mainly produced to remove 
unwanted xenobiotics from oxygen during the electron transport chain.2 Also, it is now well known 
that over pro-duction of ROS increases oxidative stress, thus causing many neurodegenerative and 
other diseases such as Alzheimer’s, neuron degeneration, cancer, arthritis and cardiovascular diseases. 
In particular, hypochlorite is one of the most significant ROS for the immune system. The immune 
system can generate hypochlorite from the reaction of chloride ions with H2O2 in the presence of the 
myeloperoxidase enzyme.3,4   

We have designed and synthesized a new compound which can selectively induce chemiluminescence 
in the presence of hypochlorite ion. 
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Geleneksel Bitkisel Tıbbı İlaç Ürünler Ve Sanayinin Yaklaşımı 
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Bitkisel preparatların tibbi amaçlı kullanımı uzun yıllar öncesine dayanmaktadır. Ülkemizde 

bitkisel ürünlerin sınıflandırılması ve regülasyonu, Avrupa Birliği düzenlemelerine benzer 

şekilde gıda takviyesi ya da geleneksel bitkisel tıbbi ürün olarak sınıflandırılmaktadır. Tıbbi 

ürün içinde yer alan bitkiler uzun yıllardır (15 yıl AB ülkelerinde olmak üzere 30 yıldır 

kullanılıyor olması) halk arasında kullanılıyorsa ve etkinlik ile güvenliliği kanıtlayan bibliyografik 

çalışmalar mevcut ise pre-klinik ve klinik çalışmaların gerekli olmadığı basitleştirilmiş bir 

başvuru yapılmaktadır. Kullanılan bitki ekstresinin standardize olması ve monograflara 

uygunluğu tibbi ilaç üreticileri için devamlılık açısından önem arz etmektedir. 

 

Teşekkür: Desteği için VEFA İLAÇ’a teşekkürlerimi sunarım. 

Referanslar 

1) Journal of BSHR 2019;3(Özel Sayı):13-21 DİŞLİ, YEŞİLADA. Bitkisel Tıbbi Ürünler 

2) European Parliament and Council Directive 2004/24/EC 

3) WHO Expert Committee on Specifications for Pharmaceutical Preparations - WHO Technical 
Report Series, No. 863 - Thirty-fourth Report 

 

 

 

 

 

 

 

 

 

 

 

 



 

 
 

                                 
 

 

 

Mirage Park Resort, 27 February – 01 March, 2020,  Kemer, ANTALYA 
 

Synthesis, Characterization and Investigation of Bioactive Properties of Urea 
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Urea (1) is a compound with organic and physiological importance. After the synthesis of the 

urea synthetically; many field urea-based compounds have begun to be used such as fertilizer, 

feed, medicine, plastic, paint1,2. 

 

 

 

Thiazole ring is a 5-membered aromatic ring containing a nitrogen and a sulfur atom. The 

thiazole ring is found in the structure of many natural products and bioactive molecules. There 

is a thiazole ring in the structure of antibiotics such as Vitamin-B, penicillin and microcoke3,4,5. 

 

 

 

In this work, synthesis and characterization of novel hybrid molecules containing urea (1) and 

thiazole (2) units together. Further studies will investigate their bio-active properties. 
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Synthesis, characterization of hydroxyapatite and  comparison with 
commercial hydroxyapatite sample 
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Biomaterials are recently developing topic having great importance and its are used especially in 

orthopedics and dentistry when the tissues in human body are damaged or when organs lose their 

function. Hydroxyapatite is a biomaterial used in reconstructions of the damaged parts of the body 

and has hexagonal crystal structure [1]. Hydroxyapatite is similar to the mineral structure of the bones 

and the teeth, it also makes the essential inorganic structure of the hard tissues in a living organism. 

Hydroxyapatite, due to its biocompatibility and bioactivity, is commonly used in many areas including 

the production of various prosthesis as artificial bone or bone filler material, repairing the fractured 

and broken bones, coating of the metallic biomaterials, orthopedic applications, bone filler material 

(which does not require long stability) applications, tooth implants and controlled drug delivery 

systems [2]. Hydroxyapatite blocks and Hydroxyapatite ceramics as various treatment agents in 

continuous-release drug delivery systems is being investigated. It has been reported that the use of 

Hydroxyapatite in the preparation of the antibiotic and anticancer drugs causes slow release [3]. In this 

study, the methods for hydroxyapatite synthesis in literature were modified and the cheaper and the 

more suitable method were investigated. Hydroxyapatite are compared with the commercial 

Hydroxyapatite. The characterization and comparison of the materials was made with various 

methods, general internal structure development and pore size relations were determined by FTIR, 

XRD and SEM. Tests performed showed that Hydroxyapatite synthesized in the laboratory are 

compatible with the commercial Hydroxyapatite. 
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Imidazopiridine Derivatives and Investigation of Their Antimicrobial Activities 
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Despite significant progress in antimicrobial treatment, infectious diseases caused by bacteria 

are main a major health concern due to the development of resistance to existing antimicrobial drugs.1 

In particular, the emergence of multiple drug-resistant Gram-positive and Gram-negative bacteria has 

caused life-threatening infectious diseases in many countries around the world.2 As a result, alternative 

and improved agents are needed for the treatment of bacterial infections, particularly for the 

treatment of infections caused by resistant strains of bacteria. 

 Imidazopiridine skeleton is used many commercial drugs with a different kind of treatment 

such as sedative, gastrointestinal disorders, antipsychotic, anti-inflammatories, cardiovascular, 

antiviral and antineoplastic drugs.3 Recently, the use of this skeleton as antibacterial has become very 

popular and has shown a wide spectrum of effects against gram-positive and negative bacteria.4-5 

  

In a recently published study, it has been reported that the 

substitution of antibacterial drugs such as fluoroquinolone with 

piperidine derivatives is more effective than the reference drug  

gemifloxacin.6 We have synthesized the new imidazopyridine 

skeleton based on this information and we aim to investigate 

their antibacterial 

 activities against different bacteria. 
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Investigation of the Effects of BK369 Compound on Breast Cancer 
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Cancer is a disease that occurs when cells with the normal structure change uncontrolled and 
lose their function. Cancer can occur in all tissues and organs. Breast cancer, on the other hand, is a 
systemic disease that continues the reproduction of the cells in the mammary glands and the milk 
ducts by spreading uncontrollably to the surrounding tissues and organs in other parts of the body. 
Breast cancer in the world ranks first among the types of cancer seen in women, and in deaths caused 
by cancer, it ranks second after lung cancer. Approximately one in 8 women worldwide can occur in 
breast cancer. Breast cancer remains serious diseases that can cause death. Cancer treatments are 
required a multidisciplinary study; include different options such as surgery, radiotherapy, 
chemotherapy, photodynamic therapy. Chemotherapy can be used alone or in combination with 
radiotherapy, before or after surgery. Nowadays, there is a need for effective, low side effects and 
cheap drugs in the treatment. Therefore, studies are shifting towards this area day by day. In this study, 
antioxidant, anti-inflammatory and anti-cancer effects of BK369 compound on breast cancer were 
investigated.  

 
(5-methoxybenzo[d]oxazol-2-yl)(piperidin-1-yl)methanone 

BK369 
The antioxidant effect was determined with the “total antioxidant capacity” (TAS) and “total 

oxidative stress capacities” (TOS) with the Rel Assay Diagnostics kit.Its anti-inflammatory properties 
were evaluated by looking at the inhibitory effect of COX-1 and COX-2. Anticancer effects were studied 
with XTT method. The values of 0,758 ± 0,038 mmolTrolox Equiv./L for TAS and 2,318 ± 0,81 μmol H2O2 
Equiv./L for TOS were found.COX-1 41.52% inhibition, COX-2 50.25% inhibition for anti-inflammatory 
effects were determinate. In the anticancer study, the IC50 dose was found as 28.67 ± 1.62 µgml-1 for 
MCF-7 (human breast cancer) cell line, 13.94 ± 0.47 µgml-1 for MDA-MB-231 (human breast cancer) 
cell line, and 49.53 ± 1.03 µgml-1 for WI-38 (human normal fibroblast) cell line (1).Our results showed 
that BK369 is effective in the treatment of breast cancer.However, further studies are needed for 
BK369 in this field. 
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Aldose reductase (AR) is the first and rate limiting enzyme of the polyol pathway and responsible for 
NADPH-dependent reduction of glucose to sorbitol. In hyperglycemia, the conversion of glucose to 
highly polar sorbitol notably increases and leads to the altered membrane permeability with osmotic 
stress in insulin independent tissues such as lens, retina, kidney, and peripheral nerves. Thus, long-
term diabetic complications including cataract, retinopathy, nephropathy, and neuropathy are mainly 
observed in diabetics. There is a promising concern in the development of potent and effective AR 
inhibitors due to the side effects of well-known AR inhibitors such as epalrestat (1).  

In the current work, new triazole derivatives (1-18) were designed and synthesized. In the initial step, 
the reaction of 5-aryl-1,3,4-oxadiazole-2-thiol (A) with hydrazine hydrate gave 4-amino-5-aryl-4H-
1,2,4-triazole-3-thiol (B). Then, subsequent nucleophilic substitution reaction of B with 2-chloro-N-
(thiazol/benzothiazol-2-yl)acetamides in the presence of potassium carbonate afforded the target 
compounds (1-18). Besides, 2-chloro-N-(thiazol/benzothiazol-2-yl)acetamide derivatives were 
synthesized via the reaction of 2-aminothiazoles/benzothiazoles with chloroacetyl chloride in the 
presence of triethylamine. These compounds were evaluated for their in vitro inhibition behaviors on 
AR, which was purified from bovine liver using several chromatographic methods. Both the IC50 and Ki 
parameters of compounds (1-18) were determined from the Activity%-[Inhibitor] and Lineweaver-Burk 
plots (1/V-1/[S]), respectively. The results indicated that all these compounds were found as potent 
inhibitors of AR with Ki values in the range of 0.04±0.01–0.81±0.11 μM. N-(5-Nitrothiazol-2-yl)-2-[(4-
amino-5-(4-methylphenyl)-4H-1,2,4-triazol-3-yl)thio]acetamide (12) was identified as the most 
potential AR inhibitor in this series with the Ki value of 0.04±0.01 µM. This compound also exhibited 
competitive inhibition against AR. Furthermore, molecular docking studies were performed for 
compounds (1-18) in the substrate binding site of AR (PDB code: 6KIY) and some physicochemical 
parameters were also in silico predicted. The compounds presented high affinity and crucial 
interactions such as hydrogen bonds, π-π interactions and salt bridge formation with Arg203, Lys171 
and 244, Phe26, Trp21 and 118 residues. Besides, Absorption, Distribution, Metabolism and Excretion 
(ADME) results indicated that all compounds were potential orally bioavailable drug-like molecules. 
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Aspergillus flavus, a well-known toxigenic fungus that produces aflatoxins, has been used for many 

different biotransformations of organic compunds. Cultures that add hydroxyl, carbonyl, and other 

groups at specific positions or reduce double bonds have resulted in the production of valuable new 

compounds (1). 

                

           Apigenin       Fisetin 

In this study, the biotransformation of the flavonoids apigenin and fisetin by A. flavus and the toxicities 

of the products on HepG2 cells were investigated. The metabolites were analyzed by using Orbitrap-

LC/MS and acacetin was found to be the major biotransformation product of these flavonoids 

produced by A. flavus. Accordingly, AP-2 fraction (acacetin, crysin and rhamnocitrin), which has the 

lowest cytotoxicity on HepG2 cells. 
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Normal Phase HPLC Method For Vitamin D3 (Cholecalciferol) 50000 IU/15 ml 

Oral Drop Assay Analysis 
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Vitamin D3 also known as Cholecalciferol, It is used to treat and prevent vitamin D deficiency and 
associated diseases, including rickets. It is used as 50000 IU/15 ml oral drop (oily) form in our study.  

Normal phase HPLC method for Vitamin D3 50000 IU/15 ml oral drop’s assay analysis, based on 
European Pharmacopoeia[1], takes long time and causes consumption of high amount of organic 
solvents. The aim of this study is to develop and validate[2] a reversed phase UHPLC method as an 
alternative  of normal phase HPLC method for Vitamin D3 50000 IU/15 ml oral drop’s assay analysis. It 
is also aimed to reduce the amount of organic solvent and shorten the analysis time with this method. 
 
For this purpose, a reversed phase UHPLC system equipped with UV detector and BEH C8, 100 x 
2.1mm, 1.7µm column, mobile phase consisting of suitable proportions of acetonitrile, methanol, 
phosphoric acid and purified water were used. In order to compare the analysis results of new 
developed UHPLC method and normal phase HPLC method, studies were carried out with the same 
batch number of Vitamin D3 50000 IU/15 ml oral drop finished product samples in the specified 
conditions. 
  
As a result, the analysis results which applied normal phase HPLC and reversed phase UHPLC methods 
were found to be compatible with each other. Total run time was reduced from 30 minutes to 5 
minutes and retention time of the Vitamin D3 was shifted from 13 minutes to 2.2 minutes. New 
developed method is more cost effective and environment friendly because of reducing the 
consumption of large amount of organic solvents. 
 
Acknowledgement: Reversed phase, UHPLC, normal phase, oral drop, environment friendly  
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Human 26S proteasome consist of two major 

part. One core domain (20S) and two regulatory 

domains (19S). The 26S proteasome catalyzes 

the great majority (at least 80%) of the protein 

degradation in growing mammalian cells, 

including both the rapid degradation of 

misfolded and regulatory proteins and most of 

the slower breakdown of the bulk of cellular 

proteins.1 Consequently, proteasome function is 

essential for protein homeostasis and influences 

the regulation of most cellular processes, and 

inhibitors of the proteasome have proven to be very valuable research tools and therapeutic agents in 

cancer treatment.2 

Recent publications which analyze the crystal structure of 20s domain (the core domain of 26s human 

proteasome) has shown important ligand-protein interactions which will be our primarily guide in this 

project. We validated a hierarchical virtual screening procedure that aims to identify high-affinity 

inhibitors. This procedure consists of a pharmacophore screening onto a large molecule database, 

docking studies, fingerprint analysis and molecular dynamics simulations. Several compounds have 

been selected for synthesis campaigns. 
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Figure 1. Overall structure of the 26S proteasome 

complex3 



 

 
 

                                 
 

 

 

Mirage Park Resort, 27 February – 01 March, 2020,  Kemer, ANTALYA 
 

Kazdağları Esintili Krem 

İnci Özyurt 

Gülsen Deniz Kahraman 

Nilay Öncel 

Adres  

Çırağan Cad. No:40 Ortaköy, Beşiktaş/İstanbul 

Elektronik posta adresi  

gdenizk2003@gmail.com 

  Kabataş Erkek Lisesi sosyal ve akademik alanda ileri gelen,Türkiye'nin en köklü okullardan biridir. 

Okulumuzda kimya alanında yürütülen olimpiyat ve proje çalışmalarının yanında 5 yıldır faaliyet 

gösteren "Kabataş Erkek Lisesi Kimya Kulübü" yer almaktadır. Kimya kulübü kapsamında öğrenciler 

öncelikli olarak lisede ilk kez tanıştıkları kimya bilimini detaylıca tanımakta ve laboratuvar ortamında 

deneyler yaparak kendilerini geliştirme şansı elde etmektedirler. Bunların yanı sıra nisan ayında 

okulumuzda gelenekleşmiş “Kimya Bilim Şenliği” düzenlenmekte ve etkinliğe farklı liselerden 

öğrenciler, aynı zamanda farklı üniversiteler ve kimya çalışma sahalarından öğretim üyeleri davet 

edilmektedir. 

  Kimya Kulübünün bir parçası olarak bizler de geçtiğimiz yaz ilgi alanlarımız doğrultusunda 

kulübümüzün alt dallarını genişletmek ve geliştirmek, aynı zamanda herkesin yararlanabileceği projeler 

geliştirmek adına çalışmalar yaptık. Bu çalışmalarımız kapsamında Çanakkale’nin Ayvacık ilçesine bağlı 

Küçükkuyu beldesinin Bahçedere köyünde yörede “yara kremi” olarak kullanılan bir ilacın tarifini 

öğrendik. Bu kremin içerisine konulan bileşenlerin tamamen doğal olmasının yanında bizi daha çok 

heyecanlandıran; krem içerisine konulan, bölgede “güzellik otu” adıyla bilinen fakat bizim latince 

ismine ve türüne ulaşamadığımız bir bitki oldu. Bitkinin tür ve ismine ulaşmak amacıyla Bezmialem 

Üniversitesi, Bahçeşehir Üniversitesi, Yeditepe Üniversitesi ile aynı zamanda İstanbul Üniversitesi Fen 

Fakültesi Biyoloji Bölümü Botanik Ana Bilim Dalından Sayın Dr. Öğretim Üyesi Erdal ÜZEN ile iletişime 

geçtik. Bitkinin okulların açıldığı dönemde mevsimden ötürü üzerinde çiçeklerinin olmaması sebebiyle 

türünü kesin olarak belirleyemesek de bitkinin hangi türe ait olabileceği hakkında tahminler yürütttük. 

Hedefimiz bitki çiçek açar açmaz türünü belirleyerek özelliklerini ve ilaca katkılarını öğrenebilmektir 

  Kremin tarifini bizlere öğreten Selver Ergin adlı teyzeye çok teşekkür ederiz. 
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Özet 

Günümüzde bakterilerin dirençlerinin artması sonucu yeni antibakteriyel ilaçların buluması kimya, 

eczacılık ve tıp gibi pek çok bilim dalı için en önemli çalışma konuları arasında yer almaktadır.  

Biyolojik özellikleri nedeniyle, benzoksazin türevleri önemli bir bileşik sınıfıdır. Diğer heterosiklik 

bileşikler gibi, birçok endüstriyel, araştırma ve klinik uygulamada doğrudan veya dolaylı olarak 

kullanılırlar. Benzoksazin çok yönlüdür, kimyasal basitliğine ve erişilebilirliğine ek olarak, biyoaktif 

bileşiklerin en umut verici kaynakları arasında yer almaktadır. Benzoksazin türevleri antibakteriyel1,2, 

antikanser3 ve antifungal4 gibi biyoaktif özellikler göstermektedir.  

Bu çalışmada farklı subsutüentlere sahip üç yeni benzoksazin türevi sentezlenmiş ve gram pozitif 

Staphylococcus aureus ve gram negatif bakteriler Escherichia coli, Pseudomonas aeruginosa üzerindeki 

etkileri incelenmiştir. Sentezlenen bileşiklerin yapıları 1H-NMR, 13C-NMR ile aydınlatılmıştır.  

Elde edilen sonuçlar sentezlenen bileşiklerin antibakteriyel etki gösterdiğini, çözünürlükleri 

arttırıldığında yeni ilaç hammaddesi olarak kullanılabileceklerini göstermektedir.  
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The One-Pot Synthesis and DNA- Interaction of Novel Benzoxazine Derivative.  
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Abstract 

Cancer is the one of the most mortal disease of this century. The invention of new compounds with 

minimum side effects and maximum poliferative effect is one of the major challange of chemists. 

Benzoxazines are important class of heteroyclic compounds.  In literature there are several examples 

of benzoxazines antibacterial1, antifungal2 and anticancer activities3. Benzoxazine derivatives are also 

used as intermediate to synthesize many of biologically important compounds. In this study, we 

performed one pot synthesis of  new benzoxazine derivative and showed its interaction with DNA.  

The derivative was synthesized with by the reaction of aldehyde and p-flourothiol in metholic ammonia 

solution.  
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The characterization of syhesized molecule was done with 1H-NMR, 13C-NMR. DNA interaction was 

identified by UV titration, fluorescence measurement and electrophoresis. Results shows that the 

syhthesized derivative interacts with DNA and a good anticancer drug candidate.  
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Ahmet Fatih Şahin, Atilla Akdemir 

Computer-Aided Drug Discovery Laboratory, Department of Pharmacology, Faculty of Pharmacy, 
Bezmialem Vakif University, 34093 Istanbul, Turkey 

 
afsahin369@gmail.com 

The human IκB kinase (IKK) complex is involved in cell cycle control, inflammatory reactions and cancer. 

It exerts its effects by both phosphorylating IκB (inhibitor of NF-κB) and thereby the Nuclear Factor-κB 

(NF-κB) pathway as well as direct phosphorylation of downstream enzymes and proteins.1 IKK has three 

major components: IKK1 (IKKα), IKK2 (IKKβ), and NF-κB essential modulator (NEMO)(IKKγ).2,4 The 

complex can consists of IKK1/IKK2 heterodimers or homodimers in complex with NEMO or not. It is 

believed that especially the inhibition of IKK2 may result in inflammation and cancer. 

In this project, we have applied a hierarchical virtual screening procedure on a large compound 

collection (Zinc15 database). This procedure consists of a pharmacophore screening, docking 

simulations and fingerprint analysis to assess the docking results. Finally, a molecular dynamics 

simulation was performed prior to the selection of compounds for synthesis and subsequent 

bioactivity assays. The synthesis of the compounds is ongoing. 
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Abstract  

Free radicals and antioxidants are one of the most studied topic in recent years. There is good evidence 

that free radical production may be increased in neurodegenerative disease1 By the light of this 

knowledge, antioxidants have been claimed to be useful agents in the treatment of Parkinson's 

disease, Alzheimer's disease and cerebral aging, amyotrophic lateral sclerosis (ALS), and in reperfusion-

driven damage after ischaemia2. 

The antibacterial, antifungal and anticancer activities of benzoxazines are well studied in literature. In 

this study we synthesized three novel benzothiazine derivatives and determine their antioxidant 

activities. The antioxidant activities were determined by CUPRAC method. The calculated TEAC 

coefficients shows that all molecules have antioxidant capacity the pyrole derivative is the most active 

derivative.  
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Lecithin has an intense use in the pharmaceutical, food and cosmetic industries as emulsifier and shelf-
life extender. Lecithin is a safe and biocompatible excipient used in many pharmaceutical formulations.  
[1] It has been reported that nanoparticle systems prepared with lecithin additive are suitable as a 
carrier for lipophilic drugs. [2] Lecithin was used to create a single layer around the hydrophobic core 
in the structure of nanoparticles designed for controlled drug release. [3] Lecithin organogels are 
important and widely used in applications for topical medication. [4] Lecithin has been used as a 
surfactant in aerosol formulations containing suspended drug particles and has helped dissolve 
medicines completely. [5] It is also used pharmaceutically to treat dementia due to alzheimer's disease, 
age-related memory loss and head injuries. [6]  In addition, there are studies showing that lecithin may 
be effective in parkinson disease [7], cholesterol and gallbladder disorders. [8] With the use of lecithin, 
it has been reported that there is an improvement in speech, balance and movement disorders in 
diseases that may occur due to the lack of acetylcholine in the brain. [9] Lecithin is usually sold as a 
herbal supplement. [10, 11] Although lecithin is naturally found in many foods, lecithin supplements 
are usually made from egg, soy or sunflower seeds. It is also made from canola, cottonseed or animal 
oils. Solvents such as acetone and hexane are used to extract lecithin from soybean oil. [12] The 
development of new methods for the purification of lecithin as a natural emulsifier is important in the 
production of new products in the pharmaceutical, cosmetics and food industries.  
In this context, commercially available lecithin was used in herbal cream production as emulsifier. 
Preliminary tests for these products are considered positive. Therefore, emulsification index of 
commercial lecithin will calculate to test the emulsifying effect of lecithin. [13]As the results are 
promising, extraction of alternative plants with high lecithin content will be performed with the help 
of various organic solvents. The extracted lecithin is planned to be used as a natural emulsifying agent 
in food supplements and cosmetic products to be produced within the scope of Düzce University 
specialty studies. 
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Astım, solunum yollarının daralması ile ortaya çıkan ve krizler halinde gerçekleşen bir hastalıktır. Astım; 

kuru öksürük, nefes daralması, göğüste batma hissi ve hırıltılı solunum gibi rahatsızlıklara yol açar. Bu 

hastalık, dünya üzerinde ortalama 300 milyon kişinin etkilendiği önemli bir halk sağlığı rahatsızlığıdır. 

Astım hastalığı tedavisinde ilaç etken maddesi olarak kullanılan tomelukast, lökotrien antigonisti olarak 

bilinir. 

 

Şekilde görüldüğü üzere tomelukast bileşiği 

tetrazol halkası içeren heterosiklik bir bileşiktir. 

Ayrıca tetrazoller karboksillik asit anoloğu olup 

karboksilik asit gruplarından daha kararlı oldukları 

için farmakolojik araştırmalarda oldukça 

önemlidirler. 

Buna bağlı olarak son dönemlerde tetrazol türevleri birçok antikanser, antimikrobiyal, antihipertansif 

ve antialerjik ajanların sentezlerinde kullanılmaktadır. 5-sübstitüe-1H-tetrazoller (N-sübstitüe olmamış 

tetrazoller) son yıllarda ilaç yapımında oldukça sık kullanılmaya başlanmıştır. 

Yapılan çalışmada ilk olarak 1-[4-(kloroalkoksi)-2-

hidroksi-3-propilfenil]etanon bileşiği sentezlendi. 

Daha sonra bu bileşik NH4SCN ile etkileştirilerek 1-

[2-hidroksi-3-propil-4-(tiyosiyonatalkoksi)fenil] 

etanona dönüştürüldü. Elde edilen tiyosiyanat 

türevi bileşik NaN3 ve NH4Cl varlığında 1-[4-(1H-

tetrazol-5-il)tiyoalkoksi-2-hidroksi-3-propilfenil] 

etanon bileşiğine dönüştürüldü.  
 

 

Elde edilen 1H-tetrazoller farklı alkil halojenürlerle alkillendi ve bu bileşiklerin yapıları spektroskopik 

yöntemlerle (FT-IR, 1H-NMR, 13C-NMR ve LC-MS) aydınlatıldı. 

Kaynaklar: 

1) European patent specification, Leukotriene atagonists, EP 0 108 592 B1 (01.11.
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Carbonic anhydrases (CAs) are metalloenzymes that catalyze the reversible hydration of carbon 
dioxide to bicarbonate. Even though this is a simple reaction, it influences physiological pH values 
and provides bicarbonate for bioreactions or maintaining the ion balance.[1,2]  Many isoforms exist 
with different tissue distribution and reaction kinetics and thus CA isoforms are involved in different 
physiological processes. The human isozymes hCA IX and XII are upregulated in hypoxic tumor cells 
and are involved in their survival. hCA I and II are widely distributed in the human body and they are 
involved in the maintenance of physiological pH values as well as bicarbonate concentrations. As 
such, selective inhibitors of hCA IX/XII that do not inhibit hCA I and II may be drug candidates for 
anticancer chemotherapy agents. [3] 

In our current work, twenty structurally novel sulfonamides have been designed, synthesized and 

assayed for their inhibition potential of the tumor-associated hCA IX and XII and the off-targets hCA 

I and II. Four of the tested compounds selectively inhibited hCA IX (KI: 10 – 70 nM) and one compound 

selectively inhibited hCA XII (KI: 83 nM). Subsequently, molecular modeling studies have been 

performed to understand the reasons behind the selectivity and potency of these compounds. These 

results will direct our ongoing synthesis efforts in obtaining inhibitors with higher selectivity and 

potency. 

Acknowledgement: This work is supported by a Tübitak 1001 Research Project under project number 

118S580.  
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Yumuşak Kapsül Formlu Ürünlerin Çözünme Testi Analizinde 
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Çapraz bağlanma, özellikle yumuşak kapsüllerde meydana gelen, bazen başlangıçta görülmeyip raf 

ömrü boyunca ortaya çıkabilen bir durumdur. Yumuşak kapsül, çözünme testi sırasında kauçuksu suda 

çözünmeyen zar gibi bir membran oluşturarak ilacın salınımını engeller. Oluşan membranın yıkımı için 

farmakopiler, çözünme ortamının pH,’ına uygun enzimlerin kullanımını önermektedir. Bu araştırma, 

çapraz bağlanma problemi meydana gelmiş yumuşak kapsül formlu ürünlerde çözünme testini 

uygulayabilmek için gerçekleştirilmesi gereken adımları, literatürler ve güncel farmakopilerden 

yararlanarak özetlemiştir. 

Teşekkür: Araştırma ve kaynak desteği için VEFA İLAÇ’a teşekkürlerimizi sunarız. 
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Inflammation known as immune response to infectious agents is complex, biological process in which 
numerous pro-inflammatory mediators including prostaglandin and nitric oxide have a significant role. 
It is well-documented that nitric oxide (NO) produced via iNOS and prostaglandins (PGs) are 
responsible for classic inflammation symptoms like edema and redness, because of their potent 
vasodilator property. Production of these inflammation mediators have been associated with 
progression of inflammation [1]. In biological condition, PGE2 is produced from arachidonic acid by COX 
enzymes which are COX-1 and COX-2. The basis of existing therapy is high COX-1 versus COX-2 selective 
inhibition by non-streoidal anti-inflammation drugs (NSAIDs) which have well-reported 
gastrointestinal side effect [2]. In this study, by modifying free carboxylic functional group with 1,3,4-
oxadiazole, we have designed and synthesized a series of 3,5-disubstituted-1,3,4-oxadiazole 
derivatives as dual COX-1/COX-2 and iNOS inhibitors with improved activity profile and less side effect. 
In chemical manner, after 5-(2-hydroxyphenyl)-1,3,4-oxadiazole-2(3H)-thione ring was obtained by 
starting with salicyclic acid, piperazine or piperidine derivatives and 1,3,4-oxadiazole ring were linked 
with methylene bridge to yield 3,5-disubstituted-1,3,4-oxadiazole-2(3H)-thione by using Mannich 
reaction procedure. Synthesized mannich bases were characterized on the basis of IR, H1NMR, C13NMR 
and elemental analysis results. The target compounds were first tested for cytotoxicity to evaluate a 
safe concentration for anti-inflammatory screening. Anti-inflammatory effects of compounds were 
determined by in vitro lipopolysaccharide (LPS)-induced NO production. In LPS-induced RAW 264.7 
macrophages, most of the compounds exhibited inhibitory activity while compounds 5a, 5g and 5h 
showed the best profile by suppressing the NO production in comparison to positive control 
indomethacine. As well as pharmacological studies, the possible interactions on COX-1/COX-2 enzymes 
were evaluated by docking studies. According to docking data, the compounds bind COX-1 enzyme by 
making π-π stacking interaction with Tyr355 from oxadiazole ring and halogen bond interaction with 
the Arg120 residue. In addition, compound 5g make two H-bonds with Arg120 on COX-1. The 
synthesized compounds make H-bonds with Tyr385 and Ser530 via the free carboxylate group on COX-
2 enzyme.  

1) J. R. Vane and R. M. Botting, Inflammation Res. 1995, 44, 1-10. 
2) F. Buttgereit, G. R. Burmester, L. S. Simon, Am. J. Med. 2001, 110, 13-19. 
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In recent years colon cancer incidence is raising alarmingly. Every year, 1.36 million new patients are 
diagnosed with colon cancer and this type of cancer corresponds to 40% of the cases of cancer 
diagnosed annually with over half a million deaths (Banerjee et al. 2017). Development of various 
therapeutic agents has a great importance for fighting against cancer. Many quinone derivates 
obtained by natural or synthetic way have anti-tumor and cytotoxic activity on various cancer cell lines 
(Itoigawa et al. 2000). Therefore, new derivatives of the carbazolequinone alkaloid murrayaquinone-A 
have synthesized to study cytotoxic effect on the healthy, primer and metastatic colonal cancer cell 
line. 
With this context we have designed the synthesis of seven murrayaquinone molecules and named 
these molecules as “5a, 5b, 5c, 5d, 5e, 5g, 5h”. We observed the effects of murrayaquinone molecules 
on the healthy colonal cell line CCD-18Co and also primer colonal cancer cell line Caco-2 and metastatic 
colonal cancer cell line DLD-1. By in vitro experiments, we have focused on ability of murrayaquinone 
molecules to inhibit colon cancer cell proliferation by the binding to albumin to transport, importing 
nucleus, and then binding to DNA and inducing apoptosis as well as arresting cell cycle. In addition, we 
assessed the levels of superoxide, peroxide and reactive oxygen species level (ROS) produced by 
murrayaquinone molecules in the cells. 

MTT analysis demonstrate that four type of newly synthesized seven  murrayaquinone molecules have 
a cytotoxic effects in a low concentration especially on metastatic colonal cancer cell line when 
compared commonly used cancer drug. Our results showed that ROS levels in cancer cell lines treated 
with DMSO and cisplatin were much higher than those of murrayaquinone molecules. When the 
superoxide and hydrogen peroxide levels produced in the cells are examined, it is observed that the 
level of superoxide is decreased and the level of hydrogen peroxide is increased. According to 
histogram of cell cycle, Caco-2 and DLD-1 cells arrested cell division in S phase while CCD-18Co cell 
arrested at G2/M phase. DNA binding results showed that intrinsic binding constant (Kb) values of four 
murrayaquinone molecules were correlated with each other and they showed high binding affinity. As 
a concequences of their binding to DNA, murrayaquinone molecules caused apoptosis in low level. The 
results of BSA binding study also showed that the molecules may be transported by BSA. These findings 
suggest the potential use of newly synthesized murrayaquinone molecules for colon cancer. 
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Son yıllarda, ilaç pazarında araştırmaların başında hedefe spesifik biyolojik ilaçlardan; terapötik 
monoklonal antikorlar (mAb’lar) gelmektedir. Tedavide onaylanan ve kullanılmaya başlanan mAb’ların 
biyobenzerlerinin üretilmesi konusunda çalışmalar sürmektedir. Karmaşık moleküller olan mAb’lar için 
binlerce değişken kombinasyon mevcuttur. Bu sebeple, mAb’ların moleküler düzeyde karakterize 
edilmesi zorunlu hale gelmiştir ve mAb'ların yapısal karakterizasyonu için mevcut olan tek bir yöntem 
bulunmamaktadır.  

Terapötik bir mAb’ın biyobenzer üretimi için çalışmalar IBG’de devam etmektedir. Üretilmekte olan 
biyobenzerin ve orjinatörün karakterizasyonu UPLC-ultra perfomans sıvı kromatografisi ve CE-kapiler 
elektroforez ile ortagonal metotlar kullanılarak gerçekleştirilmektedir. Biyobenzer molekülün; 
kromatografik karakterizasyonunda protein A, katyon değişim kromatografisi (CEX), amino asit 
kompozisyonu ve glikan yapısının belirlenmesi UPLC-UV/FLR ile yapılmaktadır, elektroforatik 
karakterizasyonunda ise izoelektrik noktasının belirlenmesi, kapiler izoelektrik odaklama (cIEF) analizi 
ile CE cihazında gerçekleştirilmektedir. Karakterizasyon sonucunda elde edilen dataların 
değerlendirilmesinin ardından biyobenzerin klon seçimleri yapılmaktadır. Protein A sonucuna göre, 
biyobenzer ürünlerin protein miktarı 3,8 g/L ye ulaşmıştır.  Ayrıca, biyobenzer ve orijinatörün farklı yük 
heterojenite varyantları, iki farklı ortogonal analitik yöntemle CEX ve cIEF ile karşılaştırmalı olarak 
değerlendirilmiş ve yük heterojenite profilinde anlamlı bir fark gözlenmemiştir. CEX ve cIEF 
analizlerinde elde edilen sonuçlara göre, sırasıyla, ana pik %67,24 ve %65,56; bazik pik %2,51 ve %3,97; 
asidik pik %30,25 ve %30,47’ dir.  

cIEF analizinde biyobenzerlerin izolektrik noktası (pI) 8,39 iken orjinatör 8,35 olarak belirlenmiştir. 
İntakt kütle ve subunit analizlerinde (özellikle LC) biyobenzer sonuçları ile orjinatör arasında anlamlı bir 
farklılık belirlenmemiştir. Glikan analizleri değerlendirildiğinde, biyobenzerlerin temel yapısının 
orjinatöre olan benzerliği dikkat çekicidir. Bu sonuçlar; birimimizde üretilen biyobenzerin incelenen 
parametreler açısından orjinatör moleküle benzerliğinin yüksek olduğunu belirlemektedir. 

Teşekkür: Çalışma, İzmir Biyotıp ve Genom Merkezi bünyesinde yürütülmekte olup, Merkez tarafından 
desteklenmektedir.  
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Synthesis of 3-Substitued-5-Chloro-2-(3H)-Benzothiazolone Derivatives 
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glarslan300@gmail.com 

In the 21th century, many drug targets have been investigated intensely and therefore it is necessary 

to find new drug substances for new targets. 2-(3H)-Benzothiazolone derivatives have a potential for 

phamaceutical industry. The ring can be substitued on diverse positions and chemists can obtain 

different new derivatives. In the literature, it has been reported that various derivatives of the 3-

substituted 2-(3H)-benzothiazolones have been obtained and these have high antimicrobial1, 

antiviral1, antinociceptive2, analgesic3, antiinflamatory3, and anticonvulsan4 activities as well as high 

affinity to serotonin receptors5. Based on this information, we designed some amide derivatives 

bearing 5-chloro-2-(3H)-benzothiazolone ring and these were synthesized in three steps and finally the 

structure of the substances are verified analyzing NMR spectra and purity was controlled using LC-MS. 

Later, we will evaluate their biological activities.  
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N
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Cl O
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A Novel Benzimidazole-Benzothiadiazole Derivative: Synthesis, 
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Benzimidazoles and benzothiodiazoles are biologically active heterocyclic compounds. Here, a new 
compound 4-(1H-benzo[d]imidazol-2-yl)-7-bromobenzo[c][1,2,5]thiadiazole containing both hetero-
cyclic ring systems has been synthesized and fully characterized by CHN analysis, ESI-MS, 1H- and 13C-
NMR, IR (ATR). The highest occupied molecular orbital (HOMO) and the lowest unoccupied molecular 
orbital (LUMO) of new compound was calculated using the Spartan 10 program. The DNA-interaction 
behavior of the compound has been studied by UV and fluorescence spectrophotometric methods, 
and agarose gel electrophoresis. Antiproliferative activities of the compound against cancer cell lines 
were studied. The compound binds to DNA minor grooves with a moderate strength, cleaves the 
plasmid-DNA in the presence of peroxide, and has a low antiproliferative activity against HepG2 and 
DLD-1 cancer cell lines. On the other hand, it was found to be inactive against MDA-MB-231. 
 

 
 
 

Acknowledgement: We are grateful for the support of Zonguldak Bülent Ecevit University with grant 
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The chemistry of thiazolidinone ring system is of substantial interest as it is a core structure in 

numerous synthetic medicaments displaying a wide variety of biological activities. Thiazolodinones are 

important in developing new antimicrobial agents, especially those containing 2-substituted-1,3-

thiazolidin-4-one scaffold as they showed good activity against microbes and increased the activity of 

the already active scaffolds like fluoroquinolones (1). Sulfonamide was first drug to treat bacterial 

infections. Its discovery in 1932 was the most profound revolution in medicinal chemistry. Different 

Sulfonamide derivatives have a broad spectrum of antimicrobial activity against a range of bacterial 

species, both Gram-positive and Gram-negative (2). 

In the study, firstly we synthsized 4-(aminomethyl)benzenesulfonamide imin derivatives and than we 

prepared sulfonamide derivatives containing thiazolidine ring.   And then was determined antibacterial 

activity.  

 

Figure 1: Synthesis of Sulfonamide Derivatives Containing Thiazolidine Ring 
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Gamma rays are a form of electromagnetic radiation. Gamma rays are obtained from radioactive 
sources as Cesium-137 or Cobalt-60. Validation study was performed according to TS EN ISO 11137-2 
Sterilization of health care products – Radiation – Part2: Establishing the sterilization dose standard. 
This standard includes Method 1, Method 2A, Method 2B VDMax 25 and VDMax 15. Method 1 was 
selected for medical device due to average bioburden ≥ 1.0 for sensitization.  

In this study,  product-specific gamma radiation dosage is developed since the product is in the medical 
device class III category and the formulation contains raw materials derived from animal origin and the 
areas to be applied are critical in terms of contamination thus the product is secured for sterility for 
routine production stages. 

SAL value was determined as 10-6 according to the intended use of the product. The average bioburden 
was determined by selecting 10 products parts per batch for 3 batches produced, and the correction 
coefficient found in the bioburden validation was used to calculate the average bioburden (bioburden 
1.46 cfu, correction factor 1.23). The bioburden results obtained from the calculation was found as 
1.80 cfu. The average of bioburden results for 3 batches were compared. This is a critical situation for 

the medical device. In order to keep the biological contamination under control, the microbiological 
surface control and active air sampling of all the rooms and equipment to be used in the production 
phase were carried out before the production batches thus contamination sources were controlled. 
Sterilization of sanitary products was performed according to TS EN ISO 11137-2 standard. The test 
dose was determined as 3.60 kGy and dose limits were determined between from 3.24 to 3.96 kGy. In 
the next stage, 100 products were selected from the manufactured medical device and sent to gamma 
irradiation for verification dose. Irradiation was carried out between 3.30-3.80 kGy.  

Since gamma irradiation was applied to the whole medical device, the experimental sampling rate was 
determined as SIP 1. After irradiation, sterility test was applied to 100 samples. Test condition in 
sterility analysis were determined as TSB, 14 days+4 days 20-25 0C and TGM 14 days+4 days 30-35 0C. 
As a result of sterility analysis, positive sterility test results were evaluated. No more than 2 positive 
sterility results were found and gamma sterilization dose was determined as 15.2 kGy. Sterility 
assurance level was determined as 2x106 cfu due to the detection of problems to be encountered in 
the routine analysis and the gamma sterilization dose to be secured. 

References  
Sterilization of health care products - Radiation - Part 2: Establishing the sterilization dose 
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Inflammation is a key factor in tumor growth and progress. In recent studies, it has been observed that 
cyclooxygenase-2 (COX-2) expression is strongly associated with different types of cancers. These 
findings have attracted much attention of researchers working in this field. The 2-arylpropionic acid-
derived NSAIDs represent one of the most widely used anti-inflammatory agents. Flurbiprofen is one 
of the 2-arylpropionic acid derivatives [1]. Recently, the new NSAID derivatives were synthesized which 
show anticancer properties. In addition, the well-known anticancer properties of urea group 
compounds led us to a new molecule design in this regard [2]. 

 

 

Figure 1: Synthesis of flurbiprofen urea derivatives.    

In this study, new flurbiprofen derivatives containing urea group were synthesized with high yield. All 
the new compounds were characterized by 1H NMR, 13C NMR, IR, and MS. Then cytotoxic properties 
of these compounds were determined by MTT. 

Acknowledgement: This work was supported by the Bezmialem Research Fund of the Bezmialem 

Vakif University, Project no: 12.2017/31. 
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Sorafenib is a multikinase inhibitor that has been approved for treatment of renal cell carcinoma, 

hepatocellular carcinoma, thyroid cancer, and studies for its use in other cancers are ongoing. 

Sorafenib inhibites tumor growth and angiogenesis through targeting both the RAF/MEK/ERK pathway 

and receptor tyrosine kinases like VEGFR, PDGFRβ, c-KIT, RET. Receptor tyrosine kinases play many 

role in cellular events such as proliferation and differentiation, cell survival and metabolism, cell cycle 

control (1). 

Studies that obtain new metal complexes of known drug active substances and investigate their 

activities have led to a significant increase in research in this area, making it possible to access new 

drug substances in a shorter time and at lower cost. Based on this data, in the study, firstly sorafenib 

and ruthenium complexes of bearing heterocyclic structures prepared. Then cytotoxic effects of the 

complexes was determined in three cancer and one healthy cell line.  

 

Figure 1: Synthesis of Sorafenib-Ruthenium Complex derivatives (Ligands: 2,2’-Bipyridine, 4,4’-

Dimethyl-2,2’-dipyridil, 9,10-diaminophenanthrene, 1,10-phenanthroline, 1,2-phenylenediamine, etc) 

Acknowledgement: This work was supported by TÜBİTAK, Project No:217S645. 
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Monoclonal antibodies (mAbs) are significant and rapidly developing class of therapeutic agents1. Their 
high specificity and low side effects make mAbs powerful human therapeutics for oncology, 
autoimmunity/inflammation, infectious diseases, and metabolic disorders2. When it comes to pharma 
industry, the product quality is directly reflected by the purity, thus the structural characteristics of the 
molecule.  
 
Aim of the current study is to characterize of a biosimilar mAb (mAbdi1) using intact and reduced mass 
analysis, peptide mass fingerprinting, full length amino acid sequencing and glycan analysis with 
quadrupole time of flight mass spectrometry (Q-TOF-MS). Mass spectrum profile of mAbdi1 was 
performed by Q-TOF-MS (Bruker, Maxis II). Intact and reduced mass, Peptide mass fragments, amino 
acid sequence, glycan type and Multiple reaction monitoring (MRM) by Collision-induced dissociation 
(CID) fragmentation were determined by mass spectrometry analysis. 
 
As a conclusion, ESI-Q-TOF MS is a superior tool to characterize mAbs and other complex protein 
pharmaceuticals3. Taken together, we demonstrated the combination of top-down and middle-down 
MS as powerful methods in the comprehensive characterization of mAbs4. 

 
 

Acknowledgement: Acknowledgement to Dr. Peter Brechlin at Bruker, Bremen and Ebru Manav, Özge 

Kurt and Ferit Memiş at Terra Analiz, Istanbul. 

 

References: 

 

1) Reichert, J. M. mAbs, 2016, 8, 197–204. 

2) Zhang, H.; Cui, W.; Gross, M. L. Febs Letters, 2014, 588, 308–317. 

3) Wang L.; Amphlett G.; Lambert J.M.; Blättler W.; Zhang W.; Structural characterization of a 
recombinant monoclonal antibody by electrospray time-of-flight mass spectrometry. Pharm. 
Res., 2005, Aug;22(8):1338-1349.  

4) Jin, Y.; Lin, Z.; Xu, Q.; Fu, C.; Zhang, Z.; Zhang, Q.; Pritts, W.A.; and Ge, Y.; Comprehensive 

characterization of monoclonal antibody by Fourier transform ion cyclotron resonance mass 

spectrometry, mAbs, 2019, 11:1, 106-115.  

 
 

 



 

 
 

  

 

 

 

Mirage Park Resort, 27 February – 01 March, 2020,  Kemer, ANTALYA 
 

Real Time Kinetic Analysis of Biosimilar Drugs Based on Surface Plasmon 
Resonance (SPR) 

Cemre YAŞAR1,  Seminay GÜLER1,2 , Hülya AYAR KAYALI1,2,3 * 

1İzmir Biyotıp ve Genom Merkezi, İzmir, Türkiye 

2İzmir Uluslararası Biyotıp ve Genom Enstitüsü, Dokuz Eylül Üniversitesi, İzmir, Türkiye 

3Kimya Bölümü, Fen Fakültesi, Dokuz Eylül Üniversitesi, İzmir, Türkiye 

hulya.kayali@ibg.edu.tr 

There is a new market called "biosimilar drug" with a high degree of similarity to monoclonal antibodies 

in terms of potency, quality and safety. By applying the analytical characterization methods specified 

in the ICH Q6B and EMA guidelines, biosimilar drugs with the highest level of similarity with the 

reference product are approved (1). One of these analytical characterization methods is the surface 

plasmon resonance (SPR) showing the affinity of biosimilar drugs to target protein. SPR is a method 

that does not require any marking and allows simultaneous and direct measurement of molecular 

interactions. By the SPR method, the binding of the Fab region of the antibodies to the target antigen 

shows the binding kinetics of the antibodies, and the half-life of the antibodies to the neonatal Fc 

receptor (FcRn) of the Fc region is determined (2). In addition, SPR allowed CFCA analysis to determine 

concentrations not only of biosimilars but also of newly produced antibodies without being dependent 

on standard molecules. In this study, different SPR studies were conducted based on different 

biosimilar molecules. In the first step, the total concentration analysis validation results of the 

monoclonal antibody containing IgG1 by CFCA method are reported. To prove the linear response 

relationship, CFCA analysis was performed with 3 replications of monoclonal antibody solutions 

prepared in 9 different concentrations, and the linear regression coefficient was 0.99999 (> 0.95), while 

LOD and LOQ were 0.03 µg / mL and 0.10 µg / mL, respectively. In another step, the binding affinity of 

the IgG2 antibody to the biosimilar produced was studied and at the same time, similarity scores were 

obtained by comparing with the original molecule. In addition, FcRn binding affinities (Kd value) 

calculated for the IgG1 molecule were found to be 3.704E-7 for the original molecule, while 1.965E-7 

was found for its biosimilar. 
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Birçok mikroorganizmalardan elde edilen ve düşük konsantrasyonlarda patojen mikroorganizmaların 

üremelerini durduran veya öldüren maddelere antimikrobiyal ajan denilmektedir. Bu ajanlar belli bir 

bakteri veya mantar türüne karşı in vitro etkinliğini belirlemek için uygulanan yönteme antimikrobiyal 

duyarlılık testleri denir. Antimikrobiyal aktivitelerine bakılmak üzere birçok tomeluksat türevi bileşikler 

sentezlenilmiştir. 

Sentezlenen bileşiklerin in vitro 

antimikrobiyal aktivite testi, EUCAST 

(European Committee on Antimicrobial 

Susceptibility Testing) rehberinde önerilen 

sıvı mikrodilüsyon yöntem ile yapıldı. 

Deneyde klinik olarak izole edilen bakteri 

(Staphylococcus aureus, Staphylococcus 

epidermidis, Escherichia coli, Pseudomonas 

aeruginosa ve Stenotrophomonas 

maltophilia) ve mantar (Candida albicans 

ve Aspergillus fumigatus) kökenleri 

kullanıldı ve referans ilaç olarak Gram-

pozitif bakteriler için vankomisin ve Gram-

negatif bakteriler için imipenem ve 

mantarlar için ise flukonazol kullanıldı.  

Daha sonra her köken için minimal inhibitör konsantrasyon (MİK= mikroorganizmaların üremelerini 

durduran en düşük ilaç konsantrasyonu) ve minimal bakterisidal/fungisidal konsantrasyon (MBK/MFK= 

mikroorganizmaları öldüren en düşük ilaç konsantrasyonu) değerleri belirlendi.  

Kaynak: 

1) European Committee on Antimicrobial Susceptibility Testing (EUCAST discussion document E. 

Dis 5.1, 2003)and Clinical and Laboratory Standards Institute guidelines (CLSI M27-S4, 2012). 
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The microencapsulation technology was presented for the first time in 1950s for the preparation of 

capsules to be used for copying purposes1. Nowadays, microencapsulation can be defined as to protect 

sensitive substances from the external environment and allowing a controlled release of these 

substances. This technological approach has been explored by pharmaceutical ( 68%), food (13%), 

Cosmetic (8%), textile (5%), biomedical (3%), agricultural (2%), electronic (1%) industries2. 

Microencapsulation technology in pharmaceutical industry is mainly focused on the investigation of 

new delivery systems that can decrease the side effects and adverse reactions, allow site-specific 

delivery, provide longer shelf life, improve patient compliance and improve administration3. An 

efficient drug delivery system carries the active pharmaceutical ingredient to the target site in the 

required time and for the desired time. 

In this study, non-aqueous solvent emulsion evaporation technique was used to encapsulate 

Metformin in Ethylcellulose. Metformin is highly water soluble drug and Ethylcellulose is hydrophobic 

cellulose which is biocompatible, therefore it is a good candidate as an encapsulating polymer. 

Different emulgator types such as polysorbate, oleic acid and triton X405, emulgator quantities, 

molecular weights of ethylcellulose, drug/polymer ratios were investigated in the study. Polymer and 

drug were dissolved in ethanol at different ratios and encapsulated particles were formed under 

vigorous stirring in liquid paraffin in the presence of emulgator. FTIR was used to characterize 

encapsulated metformin particles. Encapsulation efficiency and dissolution rate of metformin through 

the encapsulated particles were performed by using UV-vis Spectrophotometer. It was seen that 

Polysorbate is the best emulgator for this polymer-drug system. Most importantly, it was concluded 

that the drug release was slow down with increasing polymer amount and increasing molecular weight. 
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burcin.kivanc@abdiibrahim.com.tr 

Dissolution testing is an important analytical tool in drug product development, manufacturing, and 

quality assessment, playing various roles during the life cycle of a dosage form. For realistic dissolution 

characterization, sink conditions where saturation solubility of a drug in the dissolution medium is at 

least three times more than the maximum drug concentration are critical.  

Sink conditions have been maintained by traditional shake-flask method minimum of three replicate 

determinations of solubility in each pH condition according to FDA guideline.1  

Compendial apparatus can also be used as an alternative dissolution system to simulate mechanical 

shaking of traditional method with justification supporting the ability of such methods to predict sink 

condition of the test drug substance.  

In the present study, USP apparatus III (Reciprocating Cylinder) was used as compendial apparatus to 

determine sink conditions of a direct factor xa inhibitor molecule for the dissolution testing. The 

outcomes were compared with the traditional method and the results of the experiments indicated 

that both traditional and compendial apparatus were equivalent. USP apparatus III (Compendial 

Apparatus) can also be used to determine saturation solubility and classification of drug substance. 
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Artvin Yöresinde Yetişen Bazı Yenilebilir Mantarların Metal Konsantrasyonu 
ve Toplam Fenolik İçeriğinin Belirlenmesi 
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Yabani ve kültür mantarları farklı ve hoş lezzetleri ile geçmişten günümüze insan beslenmesinin bir 

parçası olmuştur. Mantarlar protein, lif, vitamin ve mineral zenginliğine ek olarak birçok ülkede 

geleneksel tıpta kullanılmıştır.1 Tarımsal ürünlerden (sebze ve meyveler) daha fazla eser element ihtiva 

eden mantarlar, kalorilerinin düşük, proteinler, vitaminler ve minerallerce zengin olması nedeniyle 

önemli bir besin maddesidir.2 Bu nedenle doğal olarak yetişen mantarların element içeriğinin 

belirlenmesi hem besinsel değeri hem de çevresel kirilik için bir indikatör olması nedeniyle oldukça 

önemlidir.  

Bu çalışmada Artvin yöresinde doğal olarak yetişmekte olan Amanita caesarea (Sezar mantarı) ve 

Craterellus cornucopioide (Borazan mantarı) mantarlarının ağır metal, makro besin ve mikrobesin 

matal içeriğinin belirlenmesi amaçlanmıştır. Bu amaçla, mantarlar nitrat asiti ile mikrodalgada 

çözünürleştirildikten sonra element (örneklerinin ağır metal: kurşun, kadmiyum, arsenik ve krom; 

mikrobesin metalleri: çinko, demir, mangan, bakır, nikel ve kobalt; makrobesin elementleri: kalsiyum, 

magnezyum, potasyum ve sodyum) miktarları ICP-OES ile analiz edilmiştir.3 Toplanan mantarların 

methanolde elde edilen ekstrelerinde toplam fenolik madde miktarı Folin-Ciocalteu yöntemi ile 

belirlenmiştir.4 Elde edilen bu sonuçların literatür verileriyle karşılaştırılmıştır. 

Teşekkür: TÜBİTAK 2209A Üniversite Öğrencileri Araştırma Projeleri Destekleme Programı: 

1919B011804155 
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Yeni triazol-salisiliden Schiff bazı türevlerinin çevreye duyarlı sentezi ve 
yapılarının aydınlatılması 
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Bu çalışmada yeni triazol-salisiliden Schiff bazı (imin) türevlerinin mikrodalga destekli sentezi 
amaçlanmıştır. 

İki aşamalı çalışmanın ilk aşamasında, aminoguanidin hidroklorürün, asit katalizi koşulları altında alkil-
karboksilikasitlerle reaksiyonunda 5-sübstitüe-3-amino-l,2,4-triazoller sentezlenecektir. Mikrodalga 
sentez reaktörünün yardımıyla 5-sübstitüe-3-amino-1,2,4-triazoller için yeşil bir yöntem geliştirilmiştir. 

İkinci aşamada, iminlerin çevre dostu sentezi 5-sübstitüe-1,2,4-triazol-3-aminlerin, 2-((E)-(5-sübstitüe-
2H-1,2,4-triazol-3-ilimino)metil)fenol ligandları oluşturmak üzere salisilaldehit türevleri ile reaksiyona 
sokulmasıyla sağlanmıştır.1 
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Sentezlenen bileşiklerin yapıları kızılötesi, nükleer manyetik rezonans, kütle spektroskopisi ve element 
analiz yöntemi kullanılarak açıklığa kavuşturulmuştır. 

Teşekkür: TÜBİTAK 2209A Üniversite Öğrencileri Araştırma Projeleri Destekleme Programı: 
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Molecular modelling studies to identify novel inhibitors of the human 26S 

proteasome complex 
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The human 26S proteasome complex is a major enzyme that is involved 

in protein degradation.1,2 It plays a crucial role in the cell cycle and as 

such it is a drug target for anticancer drugs. 1,2 Several drugs have been 

approved for cancer chemotherapy that target the 26S proteasome, 

such as carfilzomib and ixazomib. The 26S complex consists of the 20S 

core domain (CP), the 19S regulatory domains (RP). The 20S core 

domain itself consists of many subunits such as alpha and beta subunits 

that possess chymotrypsin-like (ChT-L; β5), trypsin-like (T-L; β2), and 

post-glutamyl peptide hydrolyzing (PGPH; β1) or caspase-like  

activities.2 Several high-resolution crystal structures of the 20S core 

domain in complex with approved 26S inhibitors have been published 

recently. These crystal structures reveal important ligand-protein 

binding interactions that will guide our efforts in the identification of 

structurally novel lead compounds that target the human 26S 

proteasome complex. In this project, we performed de novo ligand 

design simulations to identify potential 26S proteasome inhibitors. 

Several structurally new compounds have been suggested for synthesis and 

subsequent bioactivity assays. 
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Resorufin Dye in Photodynamic Therapy: An Enzyme Activatable 
Photosensitizer for Selective Cytotoxicity 
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Photodynamic therapy (PDT) is a developing and highly promising non-invasive treatment 
modality for certain cancer types and it has been widely studied during the last decades. 

In PDT, therapeutic action is satisfied by the generation of singlet oxygen (1O2) upon 
irradiation of well-designed PDT agents (photosensitizers or drugs) by light. Singlet 
oxygen is the excited form of molecular oxygen (3O2) and it is cytotoxic due to its high 
reactivity towards vital biomolecules. In addition to this oxidative damage triggered 
direct killing mode (apoptosis or necrosis) arises from 1O2 reactivity, PDT also restricts the 
follow of nutrients and oxygen to cancer cells by disturbing the vasculatures around 
tumour regions and at the same time activates the immune system against cancer cells. 
The advantages and importance of PDT are more pronounced when it is compared with 
widely used conventional chemotherapy and radiotherapy, since these therapies have 
numerous side effects and they give serious damage to the immune system. Although 
PDT is highly promising, its broader applicability in clinical treatments is restricted due to 
some problems. The most important one is the limited penetration of the irradiation light 
through tissues, which leaves the deeper tumours out from the scope of PDT. Studies 
have shown that red or near-IR absorbing PDT agents should be employed to get the best 
penetration depth and to avoid the absorption of incoming light by biomolecules. 
Although, a very wide range of well-known fluorescent probe cores have been converted 
to PDT agents, red and near-IR absorbing PDT agents are rare. Another important 
challenge that new PDT drugs should address is the activation of singlet oxygen only in 
cancer cells without giving harm to healthy cells.1 In this direction, cancer cell selective 
and activatable PDT agents are highly needed. In this study, a very well-known red 
absorbing resorufin fluorophore core have been converted to a cytotoxic and enzyme-
activated PDT drug for the first time. This drug was activated upon treatment with 
monoamine oxidase (MAO) in neuroblastoma cells. Therapeutic effect of the PDT drug 
was analysed in in vitro cell culture studies and the drug showed preferential cytotoxicity 
towards cancer cells.   

 

Acknowledgement: Authors thank Koç University Seed Funding for the financial support. 
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Unraveling the Molecular Requirements of Selective Recognition of Antigen A 
by its Antibody Using Molecular Modelling Studies 
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Antigen A and antigen B are blood group antigens with an  oligosaccharide structure. The amount of 

these antigens determines the blood group in humans. Antigen A and B only slightly differ from each 

other by the presence or absence of a specific acetyl group in their structure. As such, the selective 

recognition of antigen A and B by their respective antibodies is still to be unraveled. 

A crystal structure of the antigen binding site of antigen A selective mAb is available. Unfortunately, 

no antigen A is cocrystallized so no information is available on the ligand-protein binding interactions 

and how these interactions result in the selective binding of antigen A compared to antigen B. 

In this ongoing project we aim to determine these specific antigen A – mAb binding interactions. To 

this end, we are performing a combination of (interactive) molecular dynamics simulations and docking 

studies. 
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Stable NanoEmulsion Production And Optimization Of Droplet Size 
Distribution 
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Abstract: Nanoemulsions are isotropic dispersed systems of two nonmiscible liquids, normally 
consisting of an oily system dispersed in an aqueous system, or an aqueous system dispersed in an oily 
system, forming droplets or oily phases of nanometric sizes [1]. In recent years, interest in 
nanoemulsions has increased considerably with the development of devices that can be adapted to 
production scale. Stability of nanoemulsions can be extended up to several years depending on the 
process and excipients, and therefore nanoemulsions are used in many fields such as food, cosmetics, 
medicine and biotechnology [2]. The main properties of nanoemulsions such as stability, rheology and 
color, is depend on emulsion droplet size and size distribution [3]. Nanoemulsions are resistant to 
emulsion-specific stability problems such as creaming, coalescence, sedimentation and flocculation 
due to their droplet sizes in the range of 5-200 nm [4].  
The aim of this study is to produce an oil-in-water nanoemulsion and to stabilize it. In this study, high 
energy and low energy emulsification methods were tried. Among the low energy methods; phase 
inversion method, rapid cooling method, addition of surfactant to oil and / or water phase methods 
were used. As a result of the low energy methods used, creaming was observed rapidly and no 
stabilization was achieved. High pressure homogenizers are preferred among high energy methods. 
Microfluidizer M110-L and Gea Ariete NS2006 high pressure homogenizers were compared. With the 
Microfluidizer M110-L, the D90 value was reduced to 250 nm at 8000 psi 8 cycles. Although the Gea 
Ariete NS2006 was used with 700 bar (~ 10000 psi), the D90 value did not drop below 1.2 µm. However, 
pressure and cycle optimization were performed for the high pressure homogenizers used to 
determine the optimum pressure and cycle numbers. While 8 cycles were optimum for Microfluidizer 
M110-L, 6 cycles were enough for GEA Ariete NS2006. As an alternative method, preparation of 
nanoemulsion by dilution was also tried. Using this method, the D90 was reduced to 250 nm with both 
homogenizers. As a result, a stable nanoemulsion was obtained by designing a process that can be 
produced with both high pressure homogenizers for the same formulation with this study. 
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Possible Use of Nilotinib Against HER2+ Breast Cancer Cells 
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Tyrosine kinase inhibitors (TKI) are used for targeted therapies against several cancer types [1]. 
Nilotinib is TKI which inhibits platelet-derived growth factor receptor (PDGFR), BCR-ABL1, Abl1 and 
Abl2 [2]. Abl kinase family takes part in signaling pathways which contributes to cell proliferation. In 
12% of aggressive breast cancer, increased Abl2 gene amplification and Abl protein expression were 
observed [3]. There are three subcategories of breast cancer as triple negative, estrogen and 
progesteron positive (ER+) and human epithelial growth factor receptor 2 positive (HER2+) [4]. HER2 
activates c-abl by phosphorylation [5]. The aim of the study is targeting HER2+ cell line, SKBR-3 with 
Abl inhibitor, nilotinib. We suggest that nilotinib would be more effective on HER2+ cells by inhibiting 
Abl.  For the purpose, SKBR-3 (ER-, HER2+) and MDA-MB-231 (ER-, HER2-) cell lines were used to 
compare the effects of nilotinib depending on HER2 gene amplification. MTT Cell Proliferation Assay 
was applied to observe the changes on cell proliferation after nilotinib application. For apoptosis and 
cytostatic analysis, Annexin V/PI Double Staining and Cell Cycle Assay were applied. As result, IC50 
values of nilotinib for SKBR-3 and MDA-MB-231 cells were determined as 14.3 µM and 35.7 µM, 
respectively. There was no significant effect of nilotinib on cell cycle. On the other hand, nilotinib 
induced apoptosis on SKBR-3 cells. To sum up, it was observed that Abl inhibition was more effective 
on HER2+ rather than HER2- cells. Nilotinib induced apoptosis in HER2+ cells without affecting cell 
cycle. Further experiments will be done to determine changes on apoptotic protein expressions. As 
future aspect, nilotinib could be used in combination therapies and targeted therapies against breast 
cancer.  

Acknowledgement: We would like to thank IZTECH BIOMER for usage of flow cytometer. 
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Abstract 

Acute Lymphoblastic Leukemia (ALL) which is a malignant hematological disorder caused by 

impaired uncontrolled lymphoblast cells in the bone marrow constitutes 80% of childhood cancers1. 
The most common genetic abnormalities in ALL is the reciprocal translocation between the BCR gene 
located on chromosome 22 and the ABL gene located on chromosome 9 called as Philadelphia 
chromosome (Ph+). However, tyrosine kinase inhibitors are used in therapy in addition to current 
therapies, these strategies are not sufficient to improve the course of the disease and also 

chemotherapeutic drugs are known to have severe side effects on patients1. In order to develop a 
comprehensive treatment to cure ALL, new strategies are needed. C-Phycocyanin (C-PHY) is a pigment-
protein complex which is a member of light-harvesting phycobiliprotein family. Recent studies have 
shown that C-Phycocyanin protein characterized by its low toxicity, anti-cancer, anti-inflammatory, 
immune system enhancer, anti-oxidative properties. In addition, it has been understood that C-
Phycocyanin kills cancer cells in many cancer types including leukemia, breast cancer and colon cancer, 

inhibits the proliferation of cancer cells, and induces apoptosis and autophagy in tumor cells2. 

In this study, cytotoxic effect of C-Phycocyanin on Ph+ ALL cells (SD-1 cell lines) was determined 
by using Trypan-Blue Cell Viability Assay as being dose and time dependent. In addition, apoptotic 
effect of C-Phycocyanin was confirmed in IC50 value using AnnexinV-Propidium Iodide Double Staining 
using Flow Cytometer (©BD FACSCanto™). Our ongoing studies will be demonstrated the probable 
drug localization and cytotoxic effects of C-Phycocyanin by DAPI staining. As a result, cytotoxic and 
apoptotic effects of C-Phycocyanin for ALL cells was determined in dose manner for the first time. 

As a result, cytotoxic and apoptotic effects of C-Phycocyanin was determined in dose and time 
dependent manner. At the end of the experiments, it was understood that the IC50 value was in 
significantly low-dose. The low doses obtained are predicted to be a potential chemotropic agent for 
C-Phycocyanin, which already has low toxicity for future studies 
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Development of a Practical Capillary Zone Electrophoresis Method to 
Determine Charge Variant Profiles Under Forced Degradation Conditions for 

Monoclonal Antibodies 
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Background/aim: Physicochemical modifications of proteins such as methionine (Met) oxidation and 
asparagine (Asn) deamidation that can occur during protein production or storage are critical in quality 
control of drugs due to their effect on proteins’ structure, stability and binding efficiency. Several 
analytical methods in high-performance liquid chromatography (HPLC), mass spectrometry (MS), and 
capillary electrophoresis (CE) have been developed to determine the charge heterogeneity of the 
biopharmaceuticals that arise from modifications. Among them CE is a favorable technique with high 
resolution and reproducibility, and especially capillary isoelectric focusing (cIEF) and capillary zone 
electrophoresis (CZE) are the most commonly used methods of CE for charge variant analysis. 
Particularly, CZE is preferred for charge profile determination of proteins due to its rapidness, cost-
effectiveness and its requirement of small sample size. Our study focuses on the CZE method 
development for pharmaceutically used proteins, especially monoclonal antibodies and biosimilars.  
To do so, we first developed a validated CZE method by applying dynamic coating strategy, optimum 
separation voltage, injection duration and optimum concentration of background electrolyte 
composition to enhance separation efficiency while reducing migration time shift, and later we applied 
different forced degradation conditions to figure out oxidation and deamidation profiles of the 
recombinant protein.  
Materials and methods: Oxidation and deamidation profiles of a monoclonal antibody were obtained 
by PA800 Plus capillary electrophoresis system (Beckman Coulter, BREA, USA) using bare fused silica 
capillary being 30.2 cm of total length, 20.0 cm of effective length and I.D. of 50 µm. 2 mg/mL of sample 
was hydrodynamically injected at 0.5 psi and protein was separated within 8 minutes with normal 
polarity. BGE, including 6-aminocaproic acid (EACA), triethylenetetramine (TETA), and hydroxypropyl 
methyl cellulose (HPMC) was optimized and used to specify the oxidation profile changes in different 
concentrations of tert-Butyl hydroperoxide (tBH) solutions and to specify the deamidation profile 
changes in different concentrations of ammonium hydrogen carbonate (NH4HCO3) solutions by 
incubating at varied conditions during one week.  
Results: The optimum separation condition of the CZE method was determined and validated as 30 kV 
separation voltage subsequent to 15 seconds of injection in a BGE containing 250 mM EACA, 1.9 mM 
TETA, 0.05% HPMC. To identify the specificity, in varied forced degradation conditions oxidation and 
deamidation profiles of the recombinant protein was investigated. Protein was incubated in three 
different concentrations of (tBH) solutions as well as in NH4HCO3 solutions at 4 °C, 25°C, and 37 °C and 
samples were taken in the first, second and at the seventh day. As a result of this study when the 
NH4HCO3 concentration was enhanced to 0.5 M and incubation was maintained for a week at 37 °C, 
significant deamidation (more than 50 %) was reached. 
Conclusion: CZE method with high specificity, reproducibility and resolution provided an 
understanding of the recombinant proteins’ charge heterogeneity in forced degradation study. 
Acknowledgement: This study was supported by TUBITAK 1007 (Project No: 115G078) 
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Abstract 

Curcuma longa has been one of the most important and promising herbal medicine for cancer 

prevention and therapy. However, the low bioavailability of the curcumin the major component of the 

plant limited its use in clinical trials and made the scientists to formulate novel nanoparticules to 

improve its effectiveness 

In this study, the bimetallic nanoparticules of Curcuma longa extracts have been prepared and the 

cytotoxic effects of these compounds on non-small cell lung cancer cell line (NSCLC) cancer cells, A549 

were investigated. Characterization of the prepared carbon nano-dots was performed using FTIR 

spectroscopy, UV-GB spectroscopy, Fluorescence spectroscopy and TEM images. Then the nano-

formulation of the root and fruit extracts of Curcuma longa (100µg/ml, 1.5mg/mL-3mg/mL-6mg/mL) 

have been applied to A549 NSCLC cells and Beas-2b lung epithelial cells for 24 hours and the effects of 

these bimetallic nano-compounds on the cell lines have been analyzed by 3-(4,5-dimetiltiyazol-2-il)-

2,5-difeniltetrazolyum bromur (MTT) assay. He nano-formulations decreased the cell survival in both 

cell lines at the highest concentration used whereas it has reduced the cell proliferation in cancer cell 

lines where it didn’t show cytotoxicity in 100µg/ml.  

In conclusion, the cytotoxic behavior of the bimetallic Curcuma longa extract nanoparticules were 

differing from each other in a concentration dependent manner and the studies are ongoing b 

comparing the extract itself and bimetallic nano-extract formulation. 
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Abstract 

Acute lymphoblastic leukemia (ALL) is a malign hematologic cancer characterized with 
increased number of immature lymphoblast in bone marrow and peripheral blood (1). Reciprocal 
translocations between BCR and ABL genes that results in Philadelphia (Ph) chromosome with 
constitutive tyrosine kinase activity occur in ALL and named as Ph positive ALL. BCR/ABL translocation 
regulates the several pathways related to proliferation, anti-apoptotic and drug resistance (2). In 
addition to classical chemotherapy, tyrosine kinase inhibitors (imatinib, dasatinib and nilotinib) are 
used in the treatment of Ph positive ALL patients. However, current therapies do not provide complete 
cure for the disease. Therefore, novel strategies are needed for the treatment of Ph positive ALL. 
Sphingosine kinase-1 (SK-1) which has a role in bioactive sphingolipids metabolism regulates the BCR-
ABL protein and inhibition of SK-1 by inhibitors enhanced apoptosis was considered as new therapeutic 
strategy in cancer treatment (3). Telomerase activity, a mechanism seen in cancer cells increases the 
cell proliferation and inhibits apoptosis of cancer cells. Studies showed that inhibition of telomerase 
activity promotes the apoptosis and imatinib regulates the telomerase activity in BCR-ABL positive CML 
cells (4-5). Furthermore, BCR-ABL fusion gene regulates hTERT activity and imatinib inhibits this 
regulation thereby resulting in apoptosis of CML cells (6). In this study, cytotoxic effects of nilotinib 
and SK-1 II on Ph positive ALL cells were determined by MTT proliferation assay and Trypan blue dye 
exclusion method. Nilotinib and SK-1 II dramatically decreased the cell proliferation and viability of SD-
1 cells in dose and time dependent manner. Besides, the effects of nilotinib and SK-1 II on hTERT 
expression level in SD-1 cells were determined by qRT-PCR. Expression level of hTERT gene decreased 
significantly compared to the control group. The effect of nilotinib and SK-1 II on hTERT protein level 
of hTERT in SD-1 cells will be determined by our ongoing experiments. Collectively, these inhibitors 
might inhibit the proliferation of Ph positive ALL cells by suppressing the hTERT activity. As a 
consequence, the effect of nilotinib and SK-1 II on hTERT gene in Ph positive ALL cells were determined 
for the first time. Therefore, therapeutic potential of targeting hTERT in Ph positive ALL cells was 
determined for the first time. 

Acknowledgement: This study was supported by İzmir Institute of Technology Scientific Research Projects Coordination (BAP-K) with project 
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Opportunistic fungal infections, particularly those caused by Candida spp. have emerged as major 
causes of morbidity and mortality in immunocompromised patients. Fungi are eukaryotic pathogens 
and therefore the close evolutionary relationship between fungi and their human hosts has limited the 
number of drug targets that can be exploited to selectively kill the pathogen with minimum host 
toxicity [1]. In recent years, thiazole has received considerable attention as a privileged scaffold owing 
to its pivotal role in the lead identification and optimization. Diversely substituted thiazole derivatives 
embedded with a variety of functional groups are found in a large number of well-known naturally 
occurring compounds such as thiamine, and commercial synthetic agents including ravuconazole and 
isavuconazole (antifungal agents) [2].  

In an effort to identify potent anticandidal agents, new thiazolyl hydrazones were synthesized via the 
ring closure reaction of 2,2′-bithiophene-5-carboxaldehyde thiosemicarbazone with 2-bromo-1-
arylethanones. These compounds were screened for their in vitro antifungal effects on C. albicans, C. 
glabrata, C. krusei and C. parapsilosis using microbroth dilution test. Moreover, MTT assay was carried 
out to determine their cytotoxic effects on NIH/3T3 mouse embriyonic fibroblast cells. 2-(2-([2,2'-
Bithiophen]-5-ylmethylene)hydrazinyl)-4-(4-fluorophenyl)thiazole (4), 2-(2-([2,2'-bithiophen]-5-
ylmethylene)hydrazinyl)-4-(4-chlorophenyl)thiazole (5), 2-(2-([2,2'-bithiophen]-5-
ylmethylene)hydrazinyl)-4-(4-trifluoromethylphenyl)thiazole (7) and 2-(2-([2,2'-bithiophen]-5-
ylmethylene)hydrazinyl)-4-(4-methoxyphenyl)thiazole (9) were determined as the most potent 
antifungal agents in this series against C. albicans and C. glabrata with MIC values of 100 µM, 100 µM, 
200 µM, 200 µM and 100 µM, 100 µM, 100 µM, 200 µM, respectively when compared with the positive 
control tioconazole (MIC= 50 µM). The compounds showed no toxic effects on NIH/3T3 cells (IC50>500 
µM). These compounds were also evaluated for their apoptotic effects on C. albicans and C. glabrata 
based on Annexin V-PI binding capacities using flow cytometry. Compounds 4, 5, 7 and 9 also displayed 
apoptotic activity against C. albicans and C. glabrata. In vitro studies revealed that these compounds 
showed anticandidal activity via the induction of apoptotic pathway.  
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Pheochromocytomas (PCCs) are rare neuroendocrine chromaffin-derived tumors. Most of them are 
benign, but some of them show malignant potential. Management of malignant PCC remains an uphill 
task for researchers. Currently, patients with malignant PCC are treated with a combination of 
antihypertensive medications, surgical resection, targeted radiotherapy, and chemotherapy [1].  

Hydrazides-hydrazones have come into prominence for the development of new therapeutic agents in 
the treatment of many diseases including microbial infections and cancer due to their unique structural 
properties (such as carrying hydrogen bond donor and acceptor groups for their interactions with 
enzyme and receptor sites) and their multifarious biological activities [2]. Tetrazole, the bioisoster of 
carboxylic acid, is one of the most important five-membered heterocycles and its derivatives have been 
reported to show various biological activities including anticancer activity [3]. 

In an effort to identify potent anticancer agents, new tetrazole-based hydrazone derivatives (1-15) 
were synthesized via the reaction of 2-[(1-(4-hydroxyphenyl)-1H-tetrazol-5-yl)thio]acetohydrazide 
with aromatic aldehydes. MTT assay was performed to determine their cytotoxic effects on PC-12 rat 
pheochromocytoma and NIH/3T3 mouse embriyonic fibroblast cell lines. The QikProp module of 
Schrödinger’s Molecular modelling package was used to predict the pharmacokinetic profiles of all 
compounds. 2-[(1-(4-Hydroxyphenyl)-1H-tetrazol-5-yl)thio]-N'-(4-methylbenzylidene)acetohydrazide 
(8) and 2-[(1-(4-hydroxyphenyl)-1H-tetrazol-5-yl)thio]-N'-(4-isopropylbenzylidene)acetohydrazide (12) 
were found as the most potent cytotoxic agents on PC-12 cell line in this series with IC50 values of 215 
µM and 75.71 µM when compared with tamoxifen (IC50= 59.5 µM). These compounds were also found 
to be non-toxic towards NIH/3T3 cell line at the tested concentrations (IC50>500 µM). According to in 
silico studies, compounds 8 and 12 also comply with Lipinski's rule of five and Jorgensen's rule of three. 
Based on these rules, these compounds can be considered as drug-like molecules. In vitro and in silico 
studies pointed out the potential of compounds 8 and 12 as promising candidates for the treatment 
of PCCs. Further studies are needed to elucidate the mechanism of action for these compounds. 
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Type 2 Diabetes (T2D) is a chronic life-threatening disease characterized by abnormally high blood 
glucose levels (known as hyperglycemia) resulting from the inability of β cells to increase insulin 
secretion sufficiently to compensate for insulin resistance. The global burden of T2D is increasing 
considerably and therefore there is an urgent need to develop new, safe and effective antidiabetic 
agents with new mechanisms of action and improved tolerability [1,2]. Dipeptidyl peptidase 4 (DPP-4), 
a substrate-specific serine protease, has emerged as a promising drug target for the management of 
T2D [2]. DPP-4 inhibitors, also known as gliptins, occupy an important place in the armamentarium of 
drugs used for the management of hyperglycaemia and offer new opportunities for a personalized 
medicine in patients with T2D due to their favourable efficacy/safety profile [3]. 

Pyrazolines have attracted a great deal of interest as promising lead compounds for the management 
of T2D targeting a plethora of crucial enzymes ranging from DPP-4 to aldose reductase owing to their 
structural features allowing these ligands to interact with key residues of biological targets [4].  

In an attempt to identify potent DPP-4 inhibitors, new pyrazoline derivatives were synthesized via the 
ring closure reaction of 3-(1,3-benzodioxol-5-yl)-1-(2-furyl)-2-propen-1-one with arylhydrazine 
hydrochloride derivatives in the presence of acetic acid. These compounds were investigated for their 
inhibitory effects on DPP-IV. Furthermore, molecular docking studies were performed to enlighten 
their interactions in the active site of DPP-4 (PDB code: 5J3J). 1-(4-Methylsulfonylphenyl)-3-(2-furyl)-
5-(1,3-benzodioxol-5-yl)-2-pyrazoline (2) was identified as the most potent DPP-IV inhibitor in this 
series with an IC50 value of 5.75±0.35 µM when compared with sitagliptin (IC50= 0.019±0.001 µM). 
According to molecular docking studies, compound 2 showed good affinity to the active site of DPP-4. 
The methylsulfonyl substituent of compound 2 formed hydrogen bonds with Gln553 and Tyr585 
residues in the active site of DPP-4. This outcome pointed out the importance of the methylsulfonyl 
group for DPP-IV inhibitory activity. 
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Abstract: 

Among various nanomedicine platforms, biodegradable polymeric micelles offer a 
viable approach to targeted cancer therapy. Herein, we report fabrication of core-cross-linked 
micelles using dendron−polymer conjugates as building blocks. Hydrophobic polyester 
dendrons containing peripheral alkene groups are conjugated to a hydrophilic poly(ethylene 
glycol) based copolymer bearing activated ester groups for appending an amine-containing 
peptide based targeting group, namely, cRGDfK. Micellar constructs assembled in aqueous 
media were cross-linked using a tetra-thiol molecule via the photochemical thiol−ene 
reaction. Cross-linked and non-cross-linked micelles were compared in terms of their critical 
micellar concentration, stability, drug loading, and drug release characteristics. It was 
observed that the cross-linked micelles were stable upon excessive dilution compared to their 
non-cross-linked counterparts. Importantly, the amount of passive drug release in neutral pH 
was considerably lower for the cross-linked micellar systems. Furthermore, treatment of 
MDA-MB-231 breast cancer cells with nontargeted and targeted cross-linked micelles 
demonstrated higher internalization of the targeted construct. In corroboration, in vitro assay 
revealed that drug loaded targeted micelles possessed higher cytotoxicity than the 
nontargeted ones. Facile fabrication of this modular platform which can carry a desired 
therapeutic agent and be conjugated with appropriate targeting units, along with the 
attributes necessary to serve as a viable drug delivery system, offers a platform with potential 
for addressing various challenges in the field of micellar drug delivery. 

Keywords: Polymer Dendron Conjugate, Polymeric Micelle, Drug Delivery Systems 

 
Introduction: 

 While micellar delivery platforms have many of the positive attributes mentioned above, 

several aspects still require further consideration and improvement.1,2 One of the main 

challenges is the stability of such systems upon dilution. After intravenous administration, 
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micelles are diluted and thus encounter risk of dissociation, which would cause premature 

drug release before the micelles reach the target diseased tissue. Among several approaches 

toward further stabilization of micelles, core or Shell cross-linking based strategies have been 

evaluated.3 Aside from resisting disassembly upon dilution, cross-linking of the structure may 

also modulate the drug release profile. An ideal micellar system would exhibit a large 

difference in release rates under physiological condition encountered during transport versus 

under in acidic or redox environment of cancerous cells. Dendritic structures have been 

utilized as components that form the hydrophobic core to increase the stability of micellar 

constructs. In an amphiphilic dendron−polymer conjugate, the branched structure of 

hydrophobic dendrons leads to enhanced hydrophobic interactions which stabilize the 

structure. Unfortunately, the requirement of high volume of the hydrophobic component to 

obtain a suitable amphiphilic balance calls for employment of high generation dendrons, 

unless very hydrophobic peripheral groups like aromatic ones are employed.4,5 While micelles 

may be obtained with lower generation dendrons, they usually disassemble upon dilution. In 

this regard, core-cross-linking of micellar structures after their assembly has been exploited 

as a viable strategy to address this challenge Thus, we envisioned that it should be possible to 

employ dendron polymer conjugates with a lower generation dendron, which upon cross-

linking should gain the desired stability against dilution. Herein, we report the fabrication of 

dendron−polymer conjugate based targeting group bearing core-cross-linked micellar 

structures as drug delivery vehicles . The dendron polymer conjugates are obtained using a 

Huisgen type “click” reaction based coupling of an orthogonally functionalizable dendron 

containing an alkyne unit at the focal point and alkene functional groups at the periphery with 

an azide terminated hydrophilic copolymer. Polyester dendrons were chosen due to their 

biodegradable and hydrophobic nature. Hydrophilic copolymers containing amine reactive 

activated ester groups as side chains and azide group at the chain end were obtained using 

controlled/living polymerization. While the chain end azide unit provides conjugation with the 

alkyne containing dendron, the amine reactive groups were used as handles to install cyclic 
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peptide based targeting moieties. The obtained peptide bearing dendron−polymer conjugates 

were evaluated for preparation of micelles loaded with doxorubicin, a clinically administered 

anticancer drug. The micellar structures were core-cross-linked with tetrathiol-based cross-

linkers using the alkene groups at the periphery of dendrons using the radical thiol−ene 

reaction. The non-cross-linked and cross-linked micelles were compared with regard to their 

stability and drug release under neutral and acidic conditions. Finally, in vitro cytotoxicity and 

internalization studies were carried out with the best micellar candidates against MDA-MB-

231 breast cancer carcinoma cells. 

 
Results and Discussion:  Polymer−dendron conjugate based cross-linked micelles containing 

a peptide based targeting moiety were synthesized. The polymer−dendron conjugate was 

synthesized by clicking an orthogonally reactive hydrophobic biodegradable polyester 

dendron together with an azide-terminated copolymer containing activated esters as amine 

reactive groups. This micelle precursor was appended with an amine group containing peptide 

based targeting group, namely, cRGDfK, to fabricate micelles for targeting cancer cells with 

overexpressed integrin  receptors. While the dendron−polymer conjugates assembled to 

provide micelles with low CMC, the constructs were not stable in highly dilute conditions. To 

add extra stability against dilution, the alkene bearing dendritic core of these micelles were 

cross-linked using the photochemical radical thiol−ene reaction. These drug-loaded core 

cross-linked and non-cross-linked micelles showed appreciable drug release under acidic 

conditions, although slightly higher in the case of the noncross- linked ones. Importantly, 

lower drug release under neutral conditions was observed for the core-cross-linked micelles 

compared to their non-cross-linked micellar counterparts. Thus, the core-cross-linking not 

only provides very stable micellar constructs, but also suppresses drug release in neutral 

environment. Treatment of MDA-MB-231 breast cancer cells with nontargeted and targeted 

micelles demonstrated higher internalization of the targeted construct. Furthermore, in vitro 

cytotoxicity assay revealed that targeted micelles possessed higher cytotoxicity than the 
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nontargeted cross-linked micelles. Additionally, the parent polymer PDC-R based construct 

devoid of any drug showed no appreciable cytotoxicity. These results suggest that these 

dendron−polymer based micellar constructs are benign and biocompatible drug delivery 

vehicles. Due to the modular design of the construct, any particular drug and targeting ligand 

combination can be incorporated to address different types of cancerous cells. Facile 

fabrication of this versatile drug delivery platform suggests that the construct bears potential 

for further exploration as a drug delivery vehicle. 
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      Benzimidazoller, bir benzen halkasının 4 ve 5 pozisyonlarında bir imidazol grubu içeren  heterosiklik 
aromatik sistemlerdir. Benzimidazollerin yapısı biyolojik enzimler ve reseptörler ile H-bağı yapmaya 
uygundur. Hidrofobik π - π etkileşimleri gerçekleştirebilir ve metallere ligand olarak bağlanabilirler. Bu 
özellikleri nedeniyle antikanser, antiviral, antibakteriyal, antiparazitik gibi biyolojik aktiviteleri olan 
bileşiklerdir (1).1,2-disübsititüe benzimidazoller farmakofor grup olarak biyolojik aktiviteleri nedeniyle 
ilaç kimyasında önemli bileşiklerdir (2).Literatürde Pt(II)-benzimidazol/imidazol kompleksleri 
bilinmektedir(3-5).Bu komplekslerin oluşturulmalarındaki temel neden, biyolojik aktif cis platin’e 
analog, ancak ondan daha iyi özelliklere sahip bileşik sentezlemektir. Özellikle hacimli ligand taşıyan 
platin kompleksleri daha az yer değiştirme özellikleri nedeniyle platin (II) merkezinin istenmeyen yan 
ürünler oluşturmasını engelleyerek daha yüksek biyolojik aktivite gösterebilirler (6). Kanser türleri 
içerisinde beyin tümörleri,  İlaç tedavisine en az cevap veren tümörler olarak bilinmektedir. Özellikle 
çocuklarda karşılaşılan  glioblastoma ve nöroblastomalar  oldukça tehlikelidirler  ( 7). Sitotoksik aktivite  
çalışmaları içerisinde imidazole- Pt komplekslerinin beyin tümörleri üzerinde yapılanları oldukça 
sınırlıdır (8). Tüm bu bilgiler ışığında çalışmamızda , Cis yapılı ve 2-pozisyonunda   sterik faktörü 
sağlayabilecek gruplar içeren bir yeni ve iki tanesi literatürde var olan benzimidazol  ligandı ile bunların 
yer aldığı üç yeni platin kompleksi sentezlenmiştir. Ligand ve komplekslerin  yapıları Elementel Analiz, 
FT-IR, 1H-NMR ve 13C-NMR ölçümleri  ve X-ışınları kırınım yöntemi ile  saptanmıştır. Ligand ve 
komplekslerin  SHSY-5Y ve U 87  hücre hatları üzerine olan sitotoksik  aktiviteleri saptanmış ve aktivite 
mekanizmasının belirlenmesi için jel elektroforez ve  UV- Görünür  spektrofotometresi ile DNA ya 
bağlanma   çalışmaları yapılmıştır. 
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Colorectal cancer is the second most constantly diagnosed cancer in women and third most in men, 
accounting for approximately 10% of all annually diagnosed cancers and cancer-related mortality 
worldwide. Although different symptoms such as rectal bleeding, change in bowel habits, anaemia, or 
abdominal pain can be occurred during colorectal cancer, it is generally detectable at an advanced 
stage. The treatment of colorectal cancer is associated with the tumor burden and to choose curative 
or palliative therapy is important. In general, patients with metastatic colorectal cancer typically 
undergo several lines of treatment depending on the situation (1). 

Novel anticancer compounds have been discovered based on the diverse modifications of the thiazole 
ring which possesses an acidic proton at C-2 and is capable of generating new chemical entities (2).  

In the current work, new 2-[2-((1-methyl-1H-imidazol-2-yl)methylene)hydrazinyl]-4-arylthiazoles (1-
13) were designed and synthesized. Initially, the intermediate thiosemicarbazone was synthesized via 
the treatment of thiosemicarbazide with 1-methyl-2-imidazolecarboxaldehyde. Then, the ring closure 
of the intermediate with 2-bromo-1-arylethanones afforded new thiazolyl hydrazone derivatives (1-
13). MTT assay was carried out to determine the cytotoxic effects of the compounds on Caco-2 human 
colorectal adenocarcinoma cell line. Besides, the selectivity of the compounds was investigated using 
NIH/3T3 mouse embryonic fibroblast cell line. According to the results, 2-[2-((1-methyl-1H-imidazol-2-
yl)methylene)hydrazinyl]-4-[4-(trifluoromethyl)phenyl]thiazole (9), 2-[2-((1-methyl-1H-imidazol-2-
yl)methylene)hydrazinyl]-4-[4-(methylsulfonyl)phenyl]thiazole (10), 2-[2-((1-methyl-1H-imidazol-2-
yl)methylene)hydrazinyl]-4-(1,3-benzodioxole-5-yl)thiazole (12) and 2-[2-((1-methyl-1H-imidazol-2-
yl)methylene)hydrazinyl]-4-[4-(thiophen-2-yl)phenyl]thiazole (13) were identified as the most 
effective anticancer agents against Caco-2 cell line with IC50 values of 51.75 µM, 48.83 µM, 193.06 µM 
and 28.83 µM when compared with cyclophosphamide (IC50= 125 µM), posing no toxicity towards 
noncancerous NIH/3T3 cells. This outcome pointed out the importance of the aryl group at the 4th 
position of the thiazole scaffold for anticolorectal cancer activity. 
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Breast cancer is the most malignant disease in women worldwide. In general, early stage breast cancer 
can be cured more easily unless it is not metastasized. Cytotoxic chemotherapy, endocrine therapy or 
targeted therapy are used depending on the tumor biology, patient outcome and the potential 
response of the patient. Among them, chemotherapy is administered for hormone receptor negative 
cases or patients with resistance to endocrine therapy (1). 

Thiosemicarbazones have been the subject of considerable research due to a great variety of 
coordination modes related to their chemical structures. Thiosemicarbazones exert their antitumor 
activity mainly via the inhibition of ribonucleotide reductase, which is the rate limiting enzyme in the 
synthesis and repair of DNA (2). 

In the current work, new 4-[4-(1H-pyrazol-1-yl)phenyl]-1-(arylidene)thiosemicarbazides (1-15) were 
designed and synthesized. In the initial step, 4-[4-(1H-pyrazol-1-yl)phenyl]thiosemicarbazide (A) was 
synthesized via the reaction of 4-(1H-pyrazol-1-yl)phenyl isothiocyanate with hydrazine hydrate. Then, 
the reaction of compound A with aromatic aldehydes afforded new thiosemicarbazone derivatives (1-
15). Their cytotoxic effects on MDA-MB231 and MCF-7 human breast adenocarcinoma cell lines were 
determined by MTT assay. In order to determine the selectivity of the compounds, their cytotoxic 
effects on NIH/3T3 normal mouse embryonic fibroblast cell line were also evaluated. According to the 
results, 4-[4-(1H-pyrazol-1-yl)phenyl]-1-(4-methylbenzylidene)thiosemicarbazide (8) and 4-[4-(1H-
pyrazol-1-yl)phenyl]-1-(4-(methylsulfonyl)benzylidene)thiosemicarbazide (10) showed the highest 
anticancer activity against MCF-7 cells with IC50 values of 98.25 µM and 46.44 µM and MDA-MB231 
cells with IC50 values of 72.85 µM and 212.11 µM when compared with tamoxifen (IC50= 85.4 µM and 
65.04 µM for MCF-7 and MDA-MB-231, respectively). The compounds also exhibited cytotoxicity 
against NIH/3T3 cell line in higher concentrations (IC50>500 µM). It can be concluded that the methyl 
and methylsulfonyl substituents enhance the anti-breast cancer activity in this series. 
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Cell viability assays are performed to estimate how many cells survive after any treatment and give 

opportunities to screen the anticancer candidates on the pre-clinical stage. MTT assay is one of the 

most common colorimetric assay in which MTT (3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium 

bromide) is converted into insoluble and purple formazan by the enzymatic activity of living cells. SRB 

assay is another colorimetric method providing the quantification of the total cellular protein content 

of living cells by SRB staining1,2. Doxorubicin (Adriamycin) is known as one of the most powerful 

anticancer drugs. Due to the high response of breast and esophageal tumors, doxorubicin has been 

particularly utilized in the clinical treatment of these carcinomas3. In this study, the aim is to determine 

optimum incubation time in the screening of anticancer compounds as well as to compare the accuracy 

and reproducibility of the MTT and SRB assays. With this aim, firstly, HT-29 colon cancer cells were 

cultured in the presence of doxorubicin (0.1 – 100 µM) for three different incubation times (24, 48, 

and 72 h). Both assays demonstrated that the 48h incubation period might be eligible for the 

determination of IC50 value due to obtaining rational dose-response characteristics. After time 

optimization, the cytotoxic effects of doxorubicin at five different doses were screened in both HT29 

and MCF7 human carcinoma cells and HUVEC endothelial cell line by using MTT and SRB assays for 

comparison. Each assay was performed as at least three technical and biological replicates in each cell 

line and data were evaluated in terms of reproducibility. Although both MTT and SRB demonstrated 

reproducible results, IC50 values of doxorubicin in each cancer cell line determined by SRB assay were 

found to be closer to the data officially reported by Wellcome Sanger Institute of Massachusetts 

General Hospital Cancer Center (USA)4. It might be concluded that the SRB method would be more 

preferable than the MTT assay for cell-based cytotoxicity assessment. 
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          Aromatik/heterosiklik yapıya sahip Schiff bazları farmasötik uygulamalarda en çok çalışılan ve 

biyolojik özelliği çok fazla çalışma ile gösterilmiş önemli farmakoforlardan bir tanesidir. Yine bu 

özelliğinden faydalanılarak Bis-Sülfonamit Schiff bazı türevlerinin son yıllarda yapmış olduğumuz 

çalışma ile karbonik anhidraz izoenzimlerine karşı etkin inhibisyon sağladığı gösterilmiştir [1]. Bu 

nedenle, bu çalışmamızda aromatik bis-sülfonamit yapısına sahip Schiff bazları (7-15), bis-aldehitler ile 

aromatik sülfonamitlerin etanol içerisinde reaksiyonu sonucu tekrar sentez edilerek antioksidan 

özellikleri DPPH serbest radikal testi, ABTS katyon radikal testi, Cu(II) iyonu indirgeyici antioksidan 

kapasite yöntemi ve metal şelat yöntemi gibi biyoanalitik metodlar ile test edilmiştir. Ayrıca, 

asetilkolinesteraz (AChE) ve bütirilkolinesteraz (BChE) inhibisyon özellikleri Ellman metodu ile test 

edilmiştir. Genel olarak, bileşikler zayıf antioksidan özellikleri göstermiştir. Bu bileşik türevleri 

içerisinden iki tanesi (12 ve 15) CUPRAC testinde 10, 25 ve 50 µM konsentrasyonlarda standartlardan 

daha iyi etki göstermiştir. 200 µM konsentrasyonda, asetilkolinesteraz enzimine karşı zayıf, 

bütirilkolinesteraza karşı ise orta düzeyde inhibisyon elde edilebilmiştir.  
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Triazol sınıfının bir alt birimi olan 1,2,3-triazol halkasına ait ilk sentez yöntemi Huisgen tarafından 
kazandırılmıştır.  Devam eden yıllarda "Klik Kimyası "terimi ile ilk kez Sharpless ve araştırma grubu 
tarafından Cu (I)’in katalizlediği alkin ve azid arasında, seçici olarak 1,4-sübstitüe-1,2,3-triazoller veren 
1,3-dipolar bir siklokatılma reaksiyonu gerçekleştirilmiştir. Piyasa da 5-amino-1-(3,5-dikloro-4- (4-
klorobenzoil) benzil)-1H-1,2,3-triazol-4-karboksamid (CAI), sefatrizin ve tazobactam gibi satılan 
ilaçların yer alması triazol halkası içeren çalışmaların hız kazanmasında etkili olmuştur. Öyle ki, 1,2,3-
triazol çekirdeği, α-glikozidazlar, antimikrobiyal, antifungal, antiviral ve antitüberküloz aktivite dahil 
olmak üzere geniş farmasötik ve tıbbi uygulamalara sahiptir1-3. 2019 yılında Phatak ve grubu tarafından 
yapılan çalışma da,  dioksoizoindolinilmetil-triazolil-N-henilasetamid türevlerini Klik kimyası yaklaşımı 
ile sentezlemişlerdir. Sentezlenen bileşiklerden özellikle 1a ile 1l bileşiklerinin (MIC=12,5 μg/mL) 
Mycobacterium tuberculosis H37Rv'ye (MTB) karşı aktivitelerinin yüksek olduğunu bildirmişlerdir4.  
 

 
Şekil 1. Triazol birimi içeren ilaç; yapılan çalışma ve çalışma da sentezlenen molekül 

 
Bu çalışmada, sekiz adet  (1-benzil-1H-1,2,3-triazol-4-il)(furan-2-il)metanon türevleri sentezlenerek 
yapıları ATR-FTIR, 1H, 13C-NMR ve HRMS ile karakterize edilmiştir. Sentezlenen bileşikler M. 
tuberculosis H37Rv standart suşuna karşı 256-8 µg/mL arasında değişen MİK değerlerine sahip olduğu 

ve (1-(3,4-diflorobenzil)-1H-1,2,3-triazol-4-il)(furan-2-il)metanonun (8 g/mL)  en iyi aktivite 
gösterdiği, standart ilaçlar (ethambuthol ve streptomisin) ile karşılaştırılması sonucu tespit edilmiştir. 
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Protein kinases have come into prominence as one of the most frequently targeted families of proteins 
in anticancer drug discovery due to their role in the regulation of cellular pathways, particularly those 
involved in signal transduction through the catalysis of phosphorylation reactions. Kinase inhibitors 
play an ascendant role in the treatment of cancer. In particular, imatinib is the first approved tyrosine 
kinase inhibitor that binds to the kinase domain of Bcr-Abl observed in 95% of chronic myelogenous 
leukemia (CML) patients. After the milestone approval of imatinib, more than 25 antitumor drugs 
targeting kinases have been approved, and several promising candidates are in various stages of 
clinical evaluation [1]. Due to the importance of thiazole scaffold in targeted anticancer drug discovery 
[2], new thiazolyl hydrazones (2a-p) were synthesized and investigated for their cytotoxic effects on 
K562 CML cell line. Among these derivatives, compounds 2h, 2j and 2l showed potent anticancer 
activity against K562 cell line. In order to determine the selectivity of the compounds, their cytotoxic 
effects on peripheral blood mononuclear cells (PBMCs) were evaluated. Furthermore, the cytotoxic 
effects of the compounds on other leukemia (HL-60, MT-2 and Jurkat) cell lines were determined. 4-
(4-(Methylsulfonyl)phenyl)-2-[2-((1,3-benzodioxol-4-yl)methylene)hydrazinyl]thiazole (2j) showed 
anticancer activity against K562 cell line with an IC50 value of 8.87±1.93 µM similar to imatinib (IC50= 
6.84±1.11 µM). Compound 2j was found to be more effective than imatinib on HL-60, Jurkat and MT-
2 cell lines. The higher selectivity index value of compound 2j than imatinib indicated that its 
antileukemic activity was selective. Due to its selective anticancer activity, compound 2j was 
investigated for its apoptotic effect on K562 cell line and inhibitory effects on eight different tyrosine 
kinases (TKs). Compound 2j induced apoptosis in K562 cell line more than imatinib. Among eight TKs, 
compound 2j showed the strongest inhibitory activity against ABL1 kinase enzyme (IC50= 5.37±1.17 
µM). In order to investigate the binding mode of compound 2j into the ATP binding site of ABL1 kinase 
(PDB: 1IEP), molecular docking study was conducted using MOE 2018.01 program. Compound 2j 
showed high affinity to the ATP binding site of ABL1 kinase forming strong interactions. The in vitro 
and in silico studies pointed out the importance of the introduction of 4-methylsulfonylphenyl moiety 
into the thiazole scaffold for ABL1 kinase inhibitory activity. 

References  

 
1) Krishnamurty, R.; Maly, D. J. ACS Chem. Biol. 2010, 5, 121-138. 

2) Ayati, A.; Emami, S.; Moghimi, S.; Foroumadi, A. Future Med. Chem. 2019, 11, 1929-1952. 



 

 
 

  

 

 

 

Mirage Park Resort, 27 February – 01 March, 2020,  Kemer, ANTALYA 
 

(1-Benzil-1H-1,2,3-Triazol-4-il)(Fenil)Metanon Türevlerinin Sentezi ve 
Mycobacterium Tuberculosis Basili Üzerine Etkilerinin İncelenmesi 

Güler YAĞIZ1, Yunus TÜRKMEN1, Firdevs Demirel2, Pelin YÜKSEL MAYDA2 ve Aliye ALAYLI 
ALTUNDAŞ1 

1Gazi Üniversitesi, Fen Fakültesi, Kimya Bölümü 
2Benzmialem Vakıf Üniversitesi, Eczacılık Fakültesi, Farmosötik Mikrobiyoloji Anabilim Dalı 

E-mail: guleryagiz@gazi.edu.tr 
 

Mycobacterium tuberculosis, dünya çapında bulaşıcılığı yüksek olan en yaygın ölüm nedenidir. 
Tüberküloz (TB) vakalarının %95’i gelişmekte olan ülkelerde görülmekte olup nüfusun % 75'inden 
fazlası aktif yaş gruplarını (15-50 yaş) içermektedir. TB basilinin nefes yoluyla vücuda alınıp akciğerde 
deformasyonlara neden olan daha sonra diğer organlara da yayılarak tedavi olanaklarının yetersiz 
oluşu nedeniyle ölümle sonuçlanan bir hastalık türüdür. TB hastalığının yayılmasının en önemli nedeni 
bakterinin ilaçlara karşı yüksek dirençli oluşudur. Özellikle çoklu ilaç (multi-drug TB: MDR-TB) 
alımlarında bile etkisinin oldukça düşük olması TB tedavisindeki yetersizliğin en önemli etmenidir. 
Günümüzde faz I, II veya III çalışmalarında ilaca duyarlı TB, MDR-TB veya gizli TB enfeksiyonunun 
tedavisi için sadece 20 ilaç (rifampisin, izoniazid,  pirazinomid, protiyonamid, streptomisin, vb.) vardır 
ve bunlar hala yeterli değildir. Bu nedenle benzersiz mekanizma ve yüksek etkinlik, düşük toksisite ve 
kısa tedavi süresi gibi uygun profillere sahip yeni TB ajanlarının geliştirilmesi elzemdir1-3. 
 

 
Şekil 1. TB tedavisinde kullanılan ilaçlar 

 
Bu çalışmada, bir seri yeni (N-benzil-1H-1,2,3-triazol-4-il)metanon türevleri sentezlenmiştir. 
Sentezlenen aril metanon türevleri M. tuberculosis H37Rv standart suşuna karşı in vitro 
antimikobakteriyal aktiviteleri ve minimum inhibitör konsantrasyon (MİK) değerleri resazurin 
mikroplak yöntemi kullanılarak incelenmiştir. Sentezlenen türevlerden özellikle (3,4-dimetoksifenil)(1-
(3-florobenzil)-1H-1,2,3-triazol-4-il)metanon, (1-(2-florobenzil)-1H-1,2,3-triazol-4-il)(3-
metoksifenil)metanon ve (1-(4-florobenzil)-1H-1,2,3-triazol-4-il)(2-metoksifenil)metanon bileşikleri M. 

tuberculosis H37Rv standart suşuna karşı Ethambuthol ve Streptomisin (5.25 g/mL) gibi kullanılan 

referans ilaçlarla karşılaştırıldığın da etkinliklerinin daha yüksek olduğu (4 g/mL) saptanmıştır. 

Teşekkür:  Bu çalışma Gazi Üniversitesi BAP birimi tarafından (proje no: 05/2018-16) desteklenmiştir. 

Kaynaklar: 
1. World Health Organization, Care and Control after 2015, 2015. 
2. M. Uplekar, et al. WHO's new End TB strategy, Lancet 385, 2015, 1799-1801. 
3. D.R. Silva, G.B. Migliori, F. C. de Q. Mello, Tuberculosis series 2019, J. Bras. Pneumol. 45, 2019. 

 

mailto:guleryagiz@gazi.edu.tr


 

 
 

  

 

 

 

Mirage Park Resort, 27 February – 01 March, 2020,  Kemer, ANTALYA 
 

Stabilization of Cyclic Lipopeptide Antibiotic Powder for IV Injection with the 
Lyophilization Process 

  Ali Osman Sarıkaya, Udaya Kumar Dude,  Arzu Ustaoğlu, Banu Özkırım Aslan, Ceren Okuyucu Genç 

Abdi İbrahim, Research and Development Center Department 

 ali.sarikaya@abdiibrahim.com.tr  

The quality, safety and effectiveness of pharmaceutical preparations are guaranteed by many 

international quality systems and guidelines. In the context of product quality and safety the impurity 

profile of drug product is considered as highly important. There is always consistent efforts and further 

regulations/guidance publishing by the regulatory authorities to maintain the product quality to 

prevent mass damages on the public health such as Thalidomide disaster in the past which caused by 

the impurity of the drug substance. 

In this study, we were focused to stabilize the most challenging degradation impurities of the Cyclic 

Lipopeptide Antibiotics powder product which tend to form during drug product manufacturing and 

stability when the product is stored at varying storage conditions. The degradation pathway and lability 

of the drug substance is related to the presence of lactone group in the chemical structure of the drug 

substance. Exposure to excessive heat, moisture, acidic and basic conditions might cause hydrolysis of 

the concerned active pharmaceutical ingredient which belongs to group of Cyclic Lipopeptide 

Antibiotics Powder. Other conditions that might lead to the degradation includes the inherent water 

quantity of the ingredients utilized in the formulation or residual quantity of water retained in the drug 

product at the finished product stage. In such incidences, removing the excess or residual water from 

the drug product without exposing the product to excessive heat  is recommended to minimize the 

occurrence of any unwanted impurities in the drug product.  

Utilization of lyophilization/Freeze drying technology would facilitate such an opportunity to remove 

excess water from the drug product keeping both the product at low temperature. Said lyophilization 

method is based on the principle of sublimation of water from the ice crystals as a frozen material to 

obtain the finished product in the form of amorphous and porous cake. However, understanding the 

lyophilization cycle and optimization of the process parameters to be utilized during the process is 

essentially required to ensure the product performance in terms of product quality, safety and efficacy. 

The current study describes such process, wherein targeted product profiling was achieved in 

successful manner.    
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Canlı metabolizmasında direnç kazanan çeşitli virüs ve bakterilerin etkilerini azaltmak, gerekirse yok 
etmek için yeni ilaçlara ve bunu takiben yeni sentezlere ihtiyaç duyulmaktadır. Kükürt içeren 
bileşiklerin antibakteriyel, antialerjik, kemoterapetik gibi etkiye sahip olduğu bilindiğinden, bu tür 
ligantların ve komplekslerin sentezi üzerine çalışmaların oldukça yaygın olduğu görülmektedir. Gewald 
ve arkadaşlarının, primer amin olan 2-aminotiyofen türevlerinin hazırlanmasına yönelik çalışmaları 
sayesinde biyolojik aktivite özelliği gösterebilen, yeni bileşiklerin sentezlenmesine önemli katkı 
sağladığı görülmektedir. Aminotiyofenler, Anti-HIV, anti-proliferatif, antiseptik ve D2 dopaminerjik 
aktiviteler dahil geniş bir biyolojik aktivite yelpazesi gösteren heteroaromatik bileşiklerdir. (1,2) 

Bu çalışmada tiyofen halkasına bağlı uzun zincirde oksijen donör atomu içeren yeni aminotiyofenler 
sentezlenmiştir. Uzayan zincir yapıların ve çok sayıda aktif ucun bulunması bileşiklerin biyolojik 
aktifliğini artırdığı bilinmektedir. Sentezlenen bileşiklerin yapısı, çeşitli spektroskopik yöntemler (NMR,  
IR, LC-MS, UV-vis gibi) ile aydınlatılmıştır. 
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Photodynamic therapy (PDT) is a developing treatment modality for several cancer types which utilizes 
reactive singlet oxygen that is generated by light activated and well-designed photosensitizers (PDT 
drug, PDT agent) to kill the cancer cells. Upon generation of singlet oxygen, it reacts with vital bio-
molecules causing oxidative damage, which results in cell death. The advantages and importance of 
PDT are more pronounced when it is compared with widely used conventional chemotherapy and 
radiotherapy, since these therapies have serious side effects and they damage the immune system of 
patients.1 Although PDT is highly promising, its broader applicability in clinical treatments is restricted 
due to some basic problems. The first one is the limited penetration of the irradiation light through 
tissues, which leaves the deeper tumors out from the scope of PDT. Studies have shown that 
photosensitizers should absorb at the red or near-IR region of the electromagnetic spectrum to get the 
best penetration depth.3 The second problem that PDT should address is to satisfy the activation of 
singlet oxygen generation only in cancer cells without giving harm to healthy cells. In this direction, 
cancer cell selective and activatable PDT agents are highly needed. Although a number of different 
fluorophore cores are used as PDT agents, silicon-substituted analogues of xanthene cores, with their 
unique properties that a photosensitizer must have such as red absorption, photostability and 
hydrophilicity, have not been used as a PDT agent.  
In this study silicon-substituted xanthene derivatives were converted to effective activatable PDT 
agents by modifying with iodine and their singlet oxygen generation capacity as well as their cytotoxic 
effect on cancer cells have been investigated through in vitro studies. After promising results (high 
singlet oxygen quantum yield in physiological environment) were obtained, a glutathione (GSH) 
selective cage group was incorporated to the structure to make photosensitizer activatable only in the 
cancer cells. It is a well-known fact that the concentration of GSH in tumor cells is higher than in normal 
cells and the level of intracellular GSH is even more pronounced in some drug resistant tumor cells.4 
Therefore, it is expected that with this novel photosensitizer selective and efficient PDT will be 
applicable.  

Acknowledgement:  Authors thank TUBITAK (Project No: 117Z901) for the financial support.  
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Vicinal diaryl heterocyclic scaffold is present in a variety of compounds having diverse biological 
activities, and several of them have been reported to have potent anticancer activities (1,2). Based on 
this information, we designed and synthesized a series of vicinal diaryl heterocycles, and investigated 
their anticancer potential against a panel of breast and liver cell lines, eventually leading two lead 
compounds with IC50 values in the range of 1.74 to 7.64 µM and 0.77-1.75 µM, respectively, against 
the tested cell lines. 

Therefore, within the context of this presentation, we will present the synthesis of new vicinal diaryl 
heterocyclic derivatives and in vitro analysis of the nature of cell death induced with these compounds 
in liver and breast cancer cells as well as their in vivo efficacy in human liver xenografts (This study is 
supported by TUBITAK Research Grant 215S015). 
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Abstract Lung cancer is listed as the most commonly occurring cancer worldwide with high 
rate of mortality and metastasis. In spite of recent advancements in the treatment of lung 
cancer, the fatality rate remains disappointingly high due to the development of resistance to 
the conventional therapies. Cisplatin is an anticancer drug that is used for the treatment of 
lung cancer. However, Cisplatin therapy outcomes on lung cancer have plateaued out due to 
the occurrence of drug resistance. YK-4-279 is a small molecule inhibitor found to potently 
impede protein-protein interaction and lead to reduced cell motility and invasion. In this 
study, the effect of the combination treatment of Cisplatin and YK-4-279 on the signaling 
pathway of EGFR-STAT3 via APE1 was analyzed on A549, non-small lung cancer cell line. 

Keywords: Cisplatin, YK-4-279, EGFR, STAT3 

 
Introduction Lung cancer is listed as the most common cancer in the world with high rate of 

mortality and metastasis. A significant hurdle in the treatment of lung cancer is the 

development of chemoresistance. Several strategies have been used to enhance 

chemotherapy efficacy and elude chemoresistance, such as combination treatment of two or 

more therapeutic agents. Cisplatin is an anticancer drug that has been frequently utilized in 

the treatment of lung cancer. However, the efficiency of Cisplatin is restricted due to the 

development of resistance. YK-4-279 is a small molecule inhibitor that plays a pivotal role in 

targeting cellular protein-protein interaction and leads to reduced cell motility and invasion. 

Herein, an attempt has been made to appraise the hypothesis that Cisplatin synergizes with 
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YK-4-279 through alteration of EGFR-STAT3-APE1 signaling pathway in Non-Small Lung Cancer 

Cell Line, A549.). The introduction should clearly describe the background of the subject, and 

purpose. 

Results and Discussion  A549 cells showed resistance to Cisplatin and were relatively more 

sensitive to YK-4-279. The IC50 values of Cisplatin and YK-4-279 were 13.8μM and 6.5μM, 

respectively. CI value was 0.4, which confirms the synergistic effect of YK-4-279 and Cisplatin 

drugs on inhibiting growth of A549 cells. Motility and invasion assays data showed that the 

combination of YK-4-279 and Cisplatin had a more potent inhibitory effect on A549 cells 

migration and invasion compared to individual treatments. And, parallel to this, when YK-4-

279 and Cisplatin were used in combination, a correlated upregulation in expression of EGFR, 

STAT3 and APE1 genes were observed. The data shows that combination treatment with YK-

4-279 enhances Cisplatin chemosensitivity in A549 cell line through alteration of the EGFR-

STAT3- APE1 signaling pathway. 
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Figure 1: (A) Representative pictures of motility and invasion assays in A549 cells after 

treatment with YK-4-279 and Cisplatin, separately and in combination. (B) Relative normalized 



 

 
 

  

 

 

 

Mirage Park Resort, 27 February – 01 March, 2020,  Kemer, ANTALYA 
 

expression of EGFR-STAT3-APE1 genes in A549 after treatment with YK-4-279 and Cisplatin, 

separately and in combination. 
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Alzheimer's disease (AD) is known as the most fatal chronic neurodegenerative disease in adults. There 
are more than 4 million people are affected by this disease worldwide but therapeutic methods are 
limited because of its complexity (1). Hyperphosphorylation of microtubule-associated protein tau is 
one of the major pathological events seen in AD and other related neurodegenerative diseases. Tau is 
phosphorylated at various sites by proline-directed protein kinases such as ERK, GSK3β and, Cdk5. 
Among these kinases, Cdk5 is particularly interesting because it can be activated abnormally in AD. 
Cdk5 is a member of cyclin-dependent kinases (Cdks), but in contrast to the major Cdks, Cdk5 is 
activated in post-mitotic neurons and plays a critical role in brain development and physiological 
synaptic activity (2). Strigolactones are a class of apocaratoneids functioning as phytohormones that 
control shoot and root branching and its anti-inflammatory effect is known (3). Molecular docking is a 
computational approach that provides a finding of the best molecule that is capable of binding with 
the highest affinity to the target (4). In this study, the aim was to evaluate the potential of some 
strigolactone analogous as Cdk5 inhibitors by using in silico approaches. All steps like ligand 
preparation, grid generation, glide docking, 2D and 3D representations of ligand-receptor interactions, 
prime MM-GBSA calculations, and ADME/T predictions were performed using Maestro Schrödinger 
Suite 2018. The chemical structures of ligands were retrieved from ZINC. Four top-ranked compounds 
based on the docking scores and ADME/T predictions were selected. S-Indanone exhibited the 
strongest binding with the Cdk5 target molecule with the lowest binding energy (-8.24 Kcal/mol). In 
silico ADME/T prediction indicated that compounds can pass through Blood-Brain Barrier, moderately 
CNS active and comply with the Lipinski’s Rule of five. Altogether, the results suggest that the 
strigolactone analogous, in particular, S-Indanone, can be developed as potential therapeutic agents 
for AD. However, further laboratory experiments might be required to confirm this inhibitory effect. 
Acknowledgement: We are grateful to Assoc. Dr. Abdulilah Ece for his helpful comments and giving us 
the opportunity to do this work with Schrödinger. 
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Aromatic and medicinal plants possess very important biological properties which find many 

applications in various fields, namely medicine, pharmacy, cosmetology, agriculture and agro-food1.  

The family Amaranthaceae contains more than 175 genera and 2,000 species of herbs, shrubs, 

subshrubs and smalltrees. It is a widespread and cosmopolitan family in the world, from tropical 

regions to cool temperate regions. Some of the Amaranthaceae plants have economic importance and 

have been used as medicinal plants by native people. The phytochemical profile of Amaranthaceae 

plants incorporate essential oils, betalains, phenolic compounds and terpenoids. The modern 

pharmacological studies showed that extracts from Amaranthaceae plants exhibited antioxidant, 

antidiabetic, antitumor, antibacterial, antiinflammatory, antihypertensive and analgesicactivity2.  

In this study, the antimicrobial activity of aqueous extract of the plant belonging to Amaranthaceae 

family was investigated, using agar diffusion method, against clinically important Gram-positive and 

Gram-negative bacteria. We also studied total phenolic content of this aqueous extract. It has been 

observed that the aqueous extract had a broad spectrum of antimicrobial activity on all 

microorganisms, except Escherichiacoli ATCC 8739; the diameters of inhibition zones were in the range 

8 – 21 mm. Moreover, the results showed that the studied aqueous extract contains various amounts 

of phenolic compounds. These results make this plant a potential candidate for future use in 

antibacterial application particularly for anti-staphylococcus infections. 

References 

1) Alamgir, A., Therapeutic use of medicinal plants and their extracts: Volume 2: 

phytochemistry and bioactive compounds. Springer: 2018; Vol. 74. 

2) Mroczek, A., Phytochemistry reviews 2015,14. 

mailto:aakpinar@gtu.edu.tr


 

 
 

  

 

 

 

Mirage Park Resort, 27 February – 01 March, 2020,  Kemer, ANTALYA 
 

Quality by Design Approach for Analytical Method Development in Liquid 
Chromatography with Drug Product Containing Nicotine Receptor Antagonist 

Merve Çıtak, Ceyda Aydoğan, Emel Aydın, Mine Gökalp 
Abdi İbrahim İlaç Sanayi ve Ticaret A.Ş, Orhan Gazi Mahallesi, Tunç Caddesi, No: 3 Esenyurt/İstanbul 

merve.durgut@abdiibrahim.com.tr 

In analytical studies, chromatographic method development is a subjective process that affects all 
processes which is related and that depends on the previous experience of researcher. Carrying out 
method development studies in sample matrix containing complex compounds is a difficult and time-
consuming process. In generally, method development is done using a manual, one-factor-at-a-time 
(OFAT) process where the approach is to vary one system parameter at a time and examine the result 
and system performance.  

Quality by design (QbD) is a modern approach to development that begins with predefined objectives 
and emphasizes product and process understanding and process control, based on sound science and 
quality risk management. Besides, QbD approach is promoted by the FDA[1,2], EMA[2], and ICH[3]  in 
terms of identifying variables to be controlled. Some statistical concepts with experimental design 
plans can be used as an efficient and fast tool for method development. The Design of Experiments 
(DoE) is defined by the ICH guideline Q8(R2)[3] as ‘‘A structured, organized method for determining the 
relationship between factors affecting a process and the output of that process.” 

The scope of this study to separate 8 known impurities and the active substance simultaneously with 
a minimum resolution of 1.5 when developing the impurity method for the drug product containing 
nicotine receptor antagonist by QbD approach. Fusion Method Development Software has been used 
to specify the analytical method parameters such as stationary phase of column, mobile phases, 
gradient time and other UPLC conditions. Analysis were performed to develop a durable and easily 
applicable UPLC method which has shorter injection time than the existing impurity analysis method 
by using the DoE methodology.  

Gradient elution has been used with a Waters BEH C8 column (100 x 2.1 mm, 1.7 μm particle size), 
using phosphate buffer (pH 7.2) as aqueous mobile phase and acetonitrile as the organic mobile phase 
at 0.5 mL/min flow rate and 30 ˚C with UV detection at 210 nm.  

All 9 analytes has been separated within 24 minutes run time by the developed method with fewer 
experiments compared to the traditional approach. The QbD based method development helped in 
generating a design space and operating space with knowledge of all method performance 
characteristics and limitations and successful method robustness within the operating space. 
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In cancer researches, phototherapy has gained an immense attention compared to conventional 
methods, due to its minimal invasiveness, negligible drug resistance, highly spatial selectivity and 
opportunities for repeated application.1 The photodynamic therapy (PDT) triggers cancer-cell death by 
production of singlet oxygen with the usage of a photosensitizer upon irradiation, while the 
photothermal therapy (PTT) basically, uses light to convert it to heat for inducing hyperthermia.2 
Recently, there are many combined photodynamic and photothermal therapy agents such as metal 
nanoparticals3, phthalocyanines4, BODIPY derivatives5, dendrimers6, and cyanine-based7,8 molecules. 
However, most of the studies focus on metal nanoparticles comprising small organic molecules like 
chemotherapy drugs and/or PDT-PTT active compounds. Although these inorganic nanomaterials have 
high absorbance in the near-infrared optical window, they could have toxicity and biodegradability 
problems.2 Because of these drawbacks, small organic molecules have attracted great interest during 
the last decade.  
In this study, a mitochondrion targeted and near-Infrared (NIR) absorbing dual therapy and imaging 
agent was synthesized and its photophysical as well as in vitro analyses were examined. In our synthetic 
route, IR780 dye was used with bromo resorcinol to achieve brominated hemicyanine derivative. The 
presence of bromine atom decorates hemicyanine dye with a PDT property, which also has intrinsic 
photothermal feature at the same time. The chemical trap analysis proved production of singlet 
oxygen and photothermal measurements also revealed considerable temperature increase. In 
addition, cell death was observed in in vitro cell culture studies as a result of the synergistic effect of 
PDT and PTT. 
This newly proposed molecule is the first example of small organic molecule based on hemicyanines, 
which can be used as an imaging probe while activating its therapeutic effect through generation of 
cytotoxic singlet oxygen and heat simultaneously.    
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Diazepine is a seven-membered heterocyclic compound which is known to be therapeutically potent 

in psychiatric disorders. Diazepine skeleton possesses many different biological and pharmacological 

activities. They have attracted the attention of synthetic drug designers in recent years due to their 

therapeutic activities [1]. Among heterocyclic compounds, pyrazole scaffold is very popular because of 

their versatility in use. The pyrazole derivatives possess an extensive range of biological activities such 

as anxiolytic, antimicrobial, antihypertensive, anti-inflammatory, antipyretic, analgesic, antioxidant, 

anticancer, antiviral, antidepressant and antidiabetic activity [2]. 

 

 

 

 

 

 

 

 

 

Figure 1. The molecular structures of the synthesized compounds 

 

In our study, novel pyrazole-diazepine compounds (E1, E2) which are the potential anticancer agents 

were synthesized in four steps (Fig. 1). In this synthesis, the acetophenone derivatives were used as 

starting material. The structures of the target compounds were confirmed by its FTIR, 1H NMR, 13C 

NMR and elemental analyses. 
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Franz Cell (Vertical Diffusion Cell) in-vitro performance tests is used for determination of drug release 
in Ophthalmic Suspension Products. In-vitro performance tests based on USP 〈1771〉 Ophthalmic 
Products—Performance Tests Guideline and Franz Cell (Vertical Diffusion Cell) were performed for 
determination of drug release in finished ophthalmic products [1]. These tests are applicable to 
products that have an extended-release mechanism (beyond 1 day); the drug release rate is rate 
limiting for absorption and is expected to provide a controlled therapeutic response [2,3].  
  
The aim of this study was to compare the similarity of the in-vitro release profile of a nonsteroidal anti-
inflammatory prodrug (NSAID) suspension eye drop generic product developed by Abdi İbrahim R&D 
Center and in-vitro release profile of the reference product by using Franz diffusion cells method. 
 
In this study, simulated tear fluid (STF) of pH 7.4 (with %0.2 sodium dodecyl sulfate) / Ethanol (80/20) 
was used for in vitro release as a receptor medium with a volume of 7 ml.  The dialysis bag membrane 
was chosen as Regenerated Cellulose Membranes, temperature was set at 34.0 °C ± 0.5 °C, spin rate 
was adjusted to 100 rpm. In this experiment, a selective and validated HPLC method was used for the 
analysis of released drug molecule. In-vitro release tests were performed for generic product 
developed by Abdi İbrahim R&D Center and Reference Product under the conditions described above.  
 
Quantitation of release amount in STF of pH 7.4 medium at 0, 1, 2, 3, 5, 7, 9, 11, 13, 15, 17, 19, 21 and 
24-hour periods values were calculated. The reference and generic product were compared using 
Bootstrap methodology which is applied to derive confidence intervals for F2 (Similarity Factor) based 
on quantiles of in-vitro release similarity, and this approach could be considered the preferred method 
over F2 [4]. 
 
As a result, 24-hours in-vitro release profiles of Abdi İbrahim R&D Center product and of the reference 
product were compared. The obtained results showed us that the in-vitro release of two products were 
comparable and similar.   

 

Acknowledgement: Nonsteroidal anti-inflammatory prodrug, Ophthalmic Suspension, In-vitro release 

test, Franz Diffusion Cell, Bootstrap 
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Design of potential inhibitors of mTOR using molecular modelling studies  
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mTOR is a protein which is a member of the phosphatidylinositol 3-kinase-related kinase (PI3K) family 

of protein kinases. The PI3K/mTOR pathway is important for regulating the cell cycle and therefore it 

is directly related to cellular growth, proliferation, cancer, and longevity[1-3]. mTOR interacts with 

other proteins to form 2 types of complexes, i.e. mTORC1 and mTORC2.[4] These two complex 

variations cause different physiological responses.[5] [6] 

 

The aim of our study is to identify selective inhibitors for the ATP binding site of mTOR, similar to 

vistusertib and others. To this, we set-up a hierarchical virtual screening procedure that was applied 

to the Zinc15 database. Selected ligands were subjected to molecular dynamics simulations. Several 

selected ligands are being synthesized and will be subject to bioactivity assays. 
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Amino compounds are of great importance since they act as an intermediate for the synthesis of valuable organic 
molecules such as dyes, polymers, pesticides, antioxidants, drugs and agrochemicals.[1]  Amphetamine (alpha-methyl-
phenethylamine) is a synthetic stimulant (stimulant). They inhibit the uptake of amines into the neuron with re-uptake. They 
increase the release of amines from the vesicle into the synaptic space. Amphetamines are  used in the treatment of various 
disorders including narcolepsy and attention deficit and hyperactivity disorder(ADHD), weight control, and appetite reducing. 
It can be obtained easily due to its widespread use as a drug especially in ADHD treatment. Dexedrine, Elvanse and Adderall, 
which are commercial drugs used in the treatment of ADHD, include amphetamines.[2]   

                              

The reduction reactions with homogeneous catalysts occur at high temperatures and over long periods of time. 
Furthermore, the desired yield cannot be obtained..Type of catalyst, the solvent medium and the hydrogen source used are 
determined to affect the reaction efficiency and conditions.The catalytic efficiency of BINAP.PdCl2 (Dichloro[2,2′-
bis(diphenylphosphino)-1,1′-binaphthyl]palladium(II)) was relatively high compared to previously published works dealing 
with reduction of nitro arenes to primary amine derivatives. 

We reported a new method for the hydrogenation of various nitroarenes with the BINAP.PdCl2 as homogenous 
catalysts. In this study, sodium borohydride as hydrogen source and the wather/methanol as solvent mixture was used 
(Scheme 1). The method we developed was tested on 15 nitro arenes and primary amine compounds were obtained with a 
yield of over 99% in 15 minutes. The product definitions and yields were determined by 1H / 13C-NMR analysis. 

R R

1.0 mmol%
BINAP.PdCl2

NaBH4

15 min
)))))

NO2 NH2

 

Scheme 1 

The method we have developed has many advantages both industrial and envirronmentally.  Industrial advantages 
are determined as these: the reactions can be carried out reliably without special methods and provide trace amount use of 
the catalyst. Moreover, reactions ocur at shorter time and lower cost thanks to use of NaBH4 as a solid hydrogen source. In 
addition to industrial advantages; environmentally advantages can be listed as follows: Catalyst is active and can be reused; 
reduction reactions ae selective to nitro groups; the reaction is easy to operate at ambient conditions and especially at 
aqueous medium. As a result the developed method is important for the scientific community and the chemical industry as 
it is an environmentlly friendly and economical method. In near future, this type of catalyst may be very useful for other 
organic reactions.  
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Metal complexes are widely used in industrial, medical and pharmacological purposes. They also 

have biological activities like enzymatic mimicking. Biological enzymes are not useful as drugs due to 

their instability and delivery problems. In this study, previously synthesized and characterized 

homodinuclear metal complexes derived from aminoketooxime ligand were used. They tested for 

their catalase-like, catecholase-like and phenoxazinone synthase-like activities. Catalase-like activity 

was measured volumetrically by the increase in O2 volume. Catecholase-like activity was measured 

spectrophotometrically by the increase in the concentration of 3,5-di-t-butylquinone at 400 nm. 

Finally the homodinuclear complexes were tested for their phenoxazinone synthase-like activity 

which was followed spectrophotometrically by the increase in the concentration of 2-

aminophenoxazine-3-one at 433 nm. 

 

Activities of metal complexes were measured by the Lambert-Beer Law which is defined by the 

equation (log A∞/A∞-At = kt ). This gives a value of k observed to compare the kinetic rate of 

complexes with each other. As a result, 4 complexes tested for 3 enzyme-like activities. The highest 

activity was obtained from Cu(II) complex among all enzyme-like activities. The other two complex of 

Zn(II) and Ni(II) were shared the 3rd and 4th degree, respectively. Conclusively, metal complexes were 

the prominent candidates for using as artificial enzymes due to their stability in solution as a plus to 

the naturals.  
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Determination of roflumilast by a new HPLC method 
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Chronic obstructive pulmonary disease (COPD) is a health problem that causes chronic airflow 
obstruction [1, 2].Pharmacological treatments improve the health status and are successful in reducing 
symptoms and exacerbations[3].Roflumilast (RFL) (3-(cyclopropylmethoxy)-N-(3,5-dichloro-4-pyridyl)-
4-(difluoromethoxy) benzamide) is currently an approved selective phosphodiesterase-4 (PDE-4) 
inhibitor to treat COPD. RFL is available in 500-μg tablets and the recommended dose is 1 tablet/day. 
The absolute bioavailability of RFL after oral administration is 79% [4]. It is metabolized through the 
cytochrome p450 (CYP) 3A4 and 1A2 isozymes to its active metabolite Roflumilast-N-oxide [5]. Daxas 
with the active ingredient RFL was approved in the EU in June 2010 and the FDA approval in the US 
was received in March 2011 [6]. 
In this study, a new high performance liquid chromatography with fluorescence detection (HPLC-FD) 
method was developed and validated for the quantification of roflumilast in tablet formulations. 
Separations were performed using a C18 analytical column (250 x 4.6 mm, 5 μm). Isocratic elution was 
carried out with a mobile phasecomposed of 20% aqueous orthophosphoric acid solution (0.08%) and 
80% methanol. The excitation and emission wavelengths were 290 and 380 nm, respectively. 
Irbesartan was used as the internal standard. The developed method was validated in terms of 
linearity, limit of detection, limit of quantitation, precision, accuracy and robustness. The proposed 
HPLC-FD method was applied for the determination of RFL in tablet formulations with high reliability. 
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This study was carried out to compare the effect of usnic acid and 17 anti-breast cancer drug molecules 
used in routine treatment on breast cancer treatment. The miRNA information of 17 anti-breast cancer 
drug used in breast cancer treatment was obtained from the Small Molecule-miRNA Network-Based 
Inferance (SMIR-NBI) tool. Between 17 anti-breast cancer drugs and usnic acid, common and different 
expressed miRNAs have been identified to reveal molecular similarity, and they are classified according 
to the common expression miRNAs, and analyzed miRNAs' pathways and targets by using 
bioinformatic tools. In the use of usnic acid as a drug candidate molecule, its effect on cell proliferation 
has been evaluated using the real-time cell analysis system with tamoxifen. The xcelligence real time 
assay was carried out with miR-26a-5p which was determined to be a common expression in 6 drug 
molecules for verification in study. As a result, usnic acid showed high similarity with 5-Fluorouracil, 
Sulindac Sulfide, Curcumin and Cisplatin anti-breast cancer drugs used in routine treatment of breast 
cancer. miR-26a-5p is a common response miRNA of usnic acid and tamoxifen, and the expression level 
of this miRNA decreased in both molecules. As a obtained from data, in addition to 17 anti-breast 
cancer drugs, usnic acid has also the potential to be used as a candidate molecule in the treatment of 
breast cancer. Moreover, miR-26a-5p can be used as a biomarker in the treatment of breast cancer.  

Acknowledgement: We thank Ankara University, Management of Scientific Research Projects (Project 
no. 15B0415001 and 16H0415002), for the financial support. 
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The role of usnic acid in regulating apoptosis of SKBR-3 breast cancer cell 
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This study aim to determine usnic acid could induce the expression of apoptosis-related genes in 
apoptosis pathway. The current study has enabled us to better understand the target of usnic acid in 
treatment of breast cancer. Cell viability was determined by MTT assay. Based on the previous study 
and the results of this study, usnic acid had the most anti-proliferative effect on SK-BR-3 breast cancer 
cell line. We examined differential expression of 88 apoptosis-related genes by qRT-PCR using the 
Apoptosis Primary Library panel in SK-BR-3 breast cancer cell. We observed a difference in the 
significant differential expression of 73 apoptosis-related genes in breast cancer after SK-BR-3 cells 
apllied to usnic acid (7.21 µM) for 48 hours. The expression level of 55 of these 73 differentiated 
apoptosis-related genes increased (p˂0.05), but the expression level of the other 18 related genes 
decreased (p˂0.05). In order to evaluate the mechanism of apoptosis of usnic acid, western blot 
analysis performed with Bcl-2, Bax, Caspase-3 and Caspase-9 antibodies. According to the western blot 
analysis, we obtained with parallel results with gene-expression data. These results suggest that usnic 
acid showed a cytotoxic effect in SK-BR-3 cells through activation of the mitochondrial apoptotic 
pathway. The obtained results from gene expression revealed that the effect of usnic acid on apoptosis 
pathway are critical for clinical research. 

Acknowledgement: We thank Ankara University, Management of Scientific Research Projects (Project 
no. 16H0415002), for the financial support. 

References  

1) Barbosa AM, Martel F. Targeting Glucose Transporters for Breast Cancer Therapy: The Effect 
of Natural and Synthetic Compounds. Cancers (Basel). 2020, 12, 1. 

2) Geng X, Zhang X, Zhou B, Zhang C, Tu J, Chen X, Wang J, Gao H, Qin G, Pan W. Usnic Acid 
Induces Cycle Arrest, Apoptosis, and Autophagy in Gastric Cancer Cells In Vitro and In Vivo. 
Med Sci Monit. 2018, 24, 556-566. 

3) Shrestha, G.; St Clair, L.L. Lichens: A promising source of antibiotic and anticancer drugs. 
Phytochem. Rev., 2013, 12, 1, 229-244. 

4) Wu, W.; Hou, B.; Tang, C.; Liu, F.; Yang, J.; Pan, T.; Si, K.; Lu, D.; Wang, X.; Wang, J.; et al. (+)-
Usnic Acid Inhibits Migration of c-KIT Positive Cells in Human Colorectal Cancer. Evid. Based 
Complement. Altern. Med. 2018, 2018, 1–13. 

 

 

https://www.ncbi.nlm.nih.gov/pubmed/31936350
https://www.ncbi.nlm.nih.gov/pubmed/31936350
https://www.ncbi.nlm.nih.gov/pubmed/29374767
https://www.ncbi.nlm.nih.gov/pubmed/29374767


 

 
 

  

 

 

 

Mirage Park Resort, 27 February – 01 March, 2020,  Kemer, ANTALYA 
 

Preparation of the Inclusion Complexes of Water Soluble Calix[4,8]arene L- 
Proline Drtivatives and Quercetin: Solubility, Cytotoxic effect  

 
Anisa AZIMI1, Mehmet OGUZ 1,2, Serdar KARAKURT 3, Mustafa YILMAZ1 

 

1Selçuk University, Faculty of Science, Department of Chemistry, 42075, Konya, Turkey        
2Department of Advanced Material and Nanotechnology, Selcuk University, 42031 Konya, Turkey             

3Selcuk University Faculty of Science Department of Biochemistry, 42031 Konya, Turkey 

a.azimiazimi@gmail.com 

     Calix[n]arenes were synthesized by activation of phenol formaldehyde under appropriate 
conditions have been subject to many researchers because of having ring structure which easily and 
limitless functioned from either phenolic o- and p-positions. Since calix[n]arenes have basket structure, 
they have been used to carry many ions and molecules [1].  Besides, anti-cancer properties of some 
calix[n]arene derivatives were detected and phase studies have been started during the last decades. 
In this study, we aim to synthesize new water-soluble calix[4,8]arene L-proline derivatives and use 
these derivatives to increase the solubility of naturally occurring and commercially available flavonoid 
molecule quercetin that has a weak solubility in the water, which limits its use during treatment of 
cancer [2]. For this purpose, the calix[4,8]arene L-proline derivative were synthesized and 
characterized by various spectroscopic methods including 1H-NMR and FTIR, and complexation studies 
were performed with quercetin. The cytotoxic properties of the calix[4,8]arene quercetin, the complex 
has been investigated. The complexes (Calix4-Q and Calix8-Q) selectively inhibited proliferation of 
DLD-1 (37.34 µM and 48.68 µM) and CCD-18Co cells (173.29 µM and 162.21 µM), respectively. 
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Anjiyotensin Dönüştürücü Enzim Inhibitörleri Ve Kalsiyum Kanal Blokerleri 
Kombinasyonu Prosesinde İkili Etkin Madde Uyumsuzluğunun Giderilmesine 

Yönelik Proses Optimizasyonu 
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Hipertansiyon tedavisinde çok çeşitli ilaç olmasına rağmen hastaların çok azı etkili bir şekilde tedavi 

olabilmektedir. Anjiyotensin dönüştürücü enzim inhibitörleri ve kalsiyum kanal blokerleri 

kombinasyonu sinerjilerinden dolayı kalp-hipertansiyon tedavisinde en etkili yöntemler arasındadır.  

Bu kombinasyonun üretimi aşamasında iki etkin maddenin parçacık boyutu farklılığı nedeniyle 
homojenite problemi tespit edilmiş ve üretimde aksamalar meydana gelmiştir. Bu çalışma, ürün analizi 
sonucunda ortaya çıkan varyasyonların giderilmesine yönelik yapılan proses optimizasyon işlemlerini 
kapsamaktadır. 

 

References: Sanofi 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

mailto:handan.sezen@sanofi.com


 

 
 

  

 

 

 

Mirage Park Resort, 27 February – 01 March, 2020,  Kemer, ANTALYA 
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Parenteral nutrition (PN) is intravenous administration of nutrition, which may include protein, 
carbohydrate, fat, minerals, electrolytes, vitamins and other trace elements for patients who cannot 
eat or absorb enough food through tube feeding solutions or by mouth to maintain a good nutrition 
status. This process is usually used for the people with crohn’s disease, short bowel syndrome and 
cancer.  
Global Parenteral Nutrition Market is expected to rise from its initial estimated value of USD 5.30 
billion to an estimated value of USD 7.50 billion by 2026, registering a CAGR of 5.80% in the forecast 
period of 2019-2026. The increasing of pre-mature birth is a major factor for growth of this market [1].  
Quality by Design (QbD) is a systematic approach to development that begins with predefined 
objectives and emphasizes product and process understanding and process control, based on sound 
science and quality risk management [2]. Quality by Design (QbD) is emerging to enhance the assurance 
of safe, effective drug supply to the consumer, and also offers promise to significantly improve 
manufacturing and product quality performance. 
In our country, parenteral nutrition market is over 200 million TL and there are around 15 nutrition 
product brands belonging to 5 foreign and national companies in the market.  
Polifarma released first domestic triple-chamber lipid parenteral emulsion product to the domestic 
market in 2019 and became one of the leading company with this technology in Turkey. 
One of our aim I this project is to increase the quality of our lipid emulsion product, in parallel with the 
EMA and FDA quality regulations by using the QbD approach. In the product development study, 
interactions will be revealed by correlating between inputs and outputs by using the QbD approach. 
Thus, factors that interact with each other can be identified more easily and risk factors can be brought 
to the fore more easily. 
The purpose of the project is to develop an optimized and sustainable parenteral lipid emulsion with 
QbD approach and to obtain a high yield product. As a result of the optimization studies, the ultimate 
aim is to bring our product to the European market by harmonizing the product with the EU 
requirements.   
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Laboratuar ve Plot boy Süperkritik Akışkan Ekstraksiyon sistemleri (SFE) ve 
Aksesuarları, Katı Faz Ekstraksiyonu (SPE) kartuş ve plakaları, Burst 
sistemleri, QuEChERS, Yağ-gres filtreleri ...  
 

İlaç sentez, saflaştırma ve ekstraksiyon, Aerojel kurutma, Tekstil, Esansiyel 
Yağ, Implant temizliği, Nanopartikül Üretimi, Polimer, Gıda……..uygulamaları 
 

Rutin ve Araştırma Laboratuarları için değişik özellik ve boyutlarda Glove Box 
ve aksesuarları, PCR Kabini, Desikatör, Vakum Kabinleri, Hücre Kültürü 

Kabinleri, .....  
 

Sertifikalı Standart Referans Maddeler (Gıda, Çevre, Klinik, Endüstriyel 

uygulamalar için), Farmasotik ve doğal ürün standartları, Sertifikalı Organik 

ve İnorganik Standartlar, Yüksek saflıkta Metal, Tuz ve Oksitler, 

Organometalik Standartlar, Yeterlilik test standartları (Proficiency Test), 
……. 

 

Her tür reaksiyon için kullanımı kolay ve pratik; Otomatik veya Manuel Kontrollü Kesikli 

reaktörleri, Akış Rektörleri, Büyük Kapasiteli Reaksiyon Sistemleri (Plot), Reaksiyon 

Kalorimetresi ile;  
 
“ İlaç keşfi ve gelişimi, Kristalizasyon, Polimerizasyon ve Nanopartikül Sentezleri “ 
 
için VERİMLİLİĞİ YÜKSEK, HIZLI VE SENTEZLENMESİ ZOR REAKSİYONLARI 
gerçekleştirecek çözümler sunar. 

http://www.syrris.com/
http://www.appliedseparations.com/
http://www.plas-labs.com/
http://www.absolutestandards.com/
http://www.blacktrace.com/
http://www.srigc.com/
http://www.aboatox.com/
http://www.monolab.com.tr/

