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INTRODUCTION 

The quinoline moiety forms the key skeleton of 
several natural and pharmacologically active compounds 

which display a broad spectrum of biological activities.1-

2 There has been tremendous interest in developing 

efficient methods for the synthesis of quinoline 

derivatives with significant applications in the fields of 

medicinal, bioorganic, industrial and synthetic organic 

chemistry.  

Several methods for the synthesis of 

haloquinolines have been reported, including direct 

halogenation, which always suffers from poor 

regioselectivity and overhalogenation,3 but only a few 

methods for the regioselective synthesis of 3-
haloquinolines are known.4 Due to the lack of availability 

of suitable procedures for the poly bromination/ 

functionalization of quinoline core. This area still 

remains unlaboured. We explored different and 

convenient approaches based on multifunctionalization 

of quinoline core itself. Actually our stragies are based 

on bromination of 1,2,3,4-tetrahydroquinoline and 

substitution of bromo quinolines/tetrahydroquinolines or 

their electrophichilic/nucleophilic substitions and Suzuki 

coupling reactions (Scheme 1).5-6  

This study indicated that tetrahydroquinolines 
are very reactive towards bromine giving 3-brominated 

aromatic derivatives.  

 

 
Scheme 1. Preperation of starting materials 
 
 
 

RESULTS AND DISCUSSION 

        Previously prepared methoxy cyano and aryl 
substituted tetrahydroquinolines were further 

bromination to get polyfunctional quinoline derivatives.  

First, treatment of 6-bromo-8-

cyanotetrahdyroquinoline by molecular bromine was 

gave 3,6-dibromo-8-cyanoquinoline as a sole product. 

However, 6,8-dicyanotetrahydroquinoline interstingly 

dimerizeted during further bromination (Scheme 2).  

 

 
  
 Scheme 2. Bromination of cyano tetrahydroquinolines 

 

Bromination of 6-bromo-8-cyano-1,2,3,4-

tetrahydroquinoline gave corresponding 3-brominated 
quinoline derivatives (Scheme 2).5 This methodology 

uses neither metal catalyzed cyclizations nor acid 

catalyzed cycloadditions. The process constitutes a rapid 

and convenient method for obtaining selective 

brominated aromatic compounds as the sole products in 

high yields.  

The study on bromination of tetrahydromethoxy 

quinolines with different equivalents of bromine was 

worked. The bromination of methoxy 

tetrahydroquinoline derivatives was gave mono, di, tri 

bromo methoxyquinoline derivatives. Bromination was 

occurred in both N cycle and benzene ring of 
tetrahydroquinoline (Scheme 3). While bromination of 6-

bromo-8-methoxytetrahydroquinoline with three 

equivalents of bromine afforded 3,6-dibromo-8-
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methoxyquinoline, bromination with four equivalents of 

bromine gave 3,5,6-tribromide (Scheme 3).  
6,8-Dimethoxytetrahydroquinoline was 

brominated with 3 equivalents of bromine and the 

monobromide was obtained as the sole product in high 

yield in reaction conditions similar to those of of 6-

bromo-8-methoxytetrahydroquinoline. On the other 

hand, bromination of 6,8-Dimethoxytetrahydroquinoline  

with four equivalents of bromine gave 3,5-dibromide in 

high yield (Scheme 3).  

 

 
 Scheme 3. Bromination of methoxy tetrahydroquinolines 

 

CONCLUSION 

Two regioselective routes are described for the 

convenient preparation of 3- and 5-brominated methoxy 

quinolines. Quinoline cores are selectively functionalized 

at both the C-3 and C-5 positions under mild reaction 

conditions. 

We found that methoxy 1,2,3,4-

tetrahydroquinolines firstly were brominated at the C-3 

and C-5 positions to give corresponding 

bromoquinolines. 

ACKNOWLEDGEMENTS 

This study was supported by TÜBİTAK (Grand No: 

112T394) 

 

REFERENCES 

 
1Muscia, G. C.; Bollini, M.; Carnevale, J. P.; Bruno, A. M.; Asis, S. E. 

Tetrahedron Lett. 2006, 47, 8811-8815. 
2Solomon, V. R.; Lee, H. Eur. J. Pharmacol. 2009, 625, 220-233. 
3Kumar L, Mahajan T, Agarwal DD. Green Chem. 2011,13, 2187-2196. 
4Tummatorn J, Poonsilp P, Nimnual P, Janprasit J, Thongsornkleeb C, 

  Ruchirawat S. J Org Chem. 2015, 80, 4516.  
5Ökten, S.; Çakmak, O. Tetrahedron Lett. 2015, 56, 5337-5340. 
6Çakmak, O.; Ökten, S. Tetrahedron. 2017, 73, 5389-5396. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

 

 

 

 

 

  

 

 

 

 

 

 

 

 

 

 

 
 

 



 

5th ITWCCST – October 25-29, 2017 - Sakarya, TURKEY. 

3 

 

Investigation of Carbonic Anhydrase Inhibitory Profiles of 

Cyanoquinolines 

Salih ÖKTEN1,*, Ümit Muhammet KOÇYİĞİT2 

1Department of Mathematic and Science Education, Division of Science Education, Faculty of Education, Kırıkkale 

University, 71450, Yahşihan, Kırıkkale, Turkey 

2Department of Medical Techniques, Vocational School of Health Services, Cumhuriyet University, 58140, Sivas, 

TURKEY 

  salihokten@kku.edu.tr 

 

Keywords: Cyanoquinolines, Carbonic anhydrase, Inhibition 

 

INTRODUCTION 

Quinoline scafold forms a highly attractive ring 

system in organic chemistry, pharmacologically active 

compounds due to having wide range of biological 

activities.1-2 The substituted quinolines displays high 

anti-pesticide against nematode and Haemonchus 

contortus,3 agricultural predatory, significant 

antibacterial activity,4 anti-inflammatory, analgesic, 

antipyretic activities and efficient inhibition of the COX-

2 enzyme.5 However, the there are resricted articles on 

carbonic anhydrase inhibitory activities of quinoline 
derivatives. Notably, cyano quinoline compounds 

substituted at the C-3 position can act to deactivate the 

action of growth factor receptor protein tyrosine 

kinases.6–8 Agents with cyano groups also act as small 

molecule inhibitors, binding with biological systems.9 A 

significant body of work has been reported on the 

synthesis and derivatization of the quinoline 

substructure. 

Carbonic anhydrase (CA) is an important 

enzyme containing metal in the active site. It catalyzes 

the reversible hydration of carbon dioxide (CO2) to 
proton (H+) and bicarbonate (HCO-3).10 The ability of 

some bivalent metal ions such as Fe2+, Cd2+ and Hg2+ has 

been shown to easily bind to the three-histidine residue 

within the CA active site in transmetallation 

experiments.11 

In this study, we have explored the inhibition 

potentials of substituted quinoline derivatives against two 

physiologically relevant cytosolic CA isoforms, hCA I 

and hCA II using esterase assay method. Acetazolamide 

(AZA) was used as a standard drug. CA I and II isoforms 

inhibition data of compounds are summarized and their 

IC50 values expressed as nanomolar (nM).  
 

 

RESULTS AND DISCUSSION 

        In our previous publications,12-13 the copper induced 

cyanation of 6,8-dibromoquinoline was investigated and  

and 6,8-dibromo-1,2,3,4-tetrahydroquinoline. 6,8-

Dibromoquinoline was reacted with CuCN in refluxing 

DMF to afford a mixture of mono- and dicyanoquinolines 

(Scheme 3). The effect of reaction duration on the 

product ratio was investigated. 

When 6,8-dibromo-1,2,3,4-tetrahydroquinoline 2 

was treated with CuCN in refluxing DMF, the 1H NMR 

spectrum indicated formation of a mixture of mono and 

dicyano tetrahydroquinolines which varied in 

composition by reaction time. It was observed that after 

4 h, two cyano tetrahydroquinoline derivatives had 

formed as assigned by 1H NMR spectroscopy.  

 

 

 Scheme 1. Cyanization of bromo tetrahydroquinolines and 
quinolones 
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Table 1. IC50 values of cyanoquinoline derivatives against hCA 
I and hCA II 

  

   

   

     IC50 (nM)                               Kİ (nM) 

 hC

A I 
  

 hC

A II 
   hCA I  hCA II 

 

 281

.52 
  

 33

3.84 
  

 306.82±5

8.04 

 335.96±42

.07 

 

 305

.04 
  

 39

7.01 
  

 294.62±2

1.74 

 304.75±65

.66 

 

 39.

52 
  

 52.

84 
  

 46.04±8.6

3 

 54.95±5.9

3 

 

 100

5.80 
  

 83

4.93 
  

 926.33±8

2.64 

 963.33±95

.35 

 

 83.

04 
  

 10

5.94 
  

 103.64±2

0.63 

 119.05±13

.94 

 

 507

.27 
  

 49

6.33 
  

 635.33±7

1.26 

 684.03±88

.31 

 

 

 406

.92 
  

 40

9.75 
  

 444.28±6

8.84 

 417.04±73

.80 

AZA 
 110

3.70 
  

 11

88.01 
  

 1005.47±

75.60 

 1104.43±9

5.55 

  

 The all of the substituted quinoline analogs were 

remarkably inhibited the slow cytosolic isoform hCA I, 

taking part in important physiological and pathological 
processes in many tissues and organs), with Kis ranging 

between 46.04 and 926.33 nM. 6,8-

Dicyanotetrahydroquinoline was determined as the best 

inhibitors for this isoform with Ki values of 46.04 nM 

(Table 1). Moreover, 5-aceta-imido-1,3,4-thiadiazole-2-

sulfonamide (AZA), broad-specificity CA inhibitor and 

used for the treatment of altitude sickness, cystinuria, 

idiopathic intracranial hypertension, glaucoma, epileptic 

seizure, was recorded Ki value of 1005.47±75.60 nM 

against hCA I. The high concentration of the hCA II led 

to several diseases such as glaucoma, osteoporosis and 
renal tubular acidosis (Ökten et al., 2019a). The cytosolic 

isoenzyme hCA II, substituted quinoline had Ki values 

ranging from 54.95 to 963.33 nM. The inhibitory 

potentials of substituted quinoline derivatives against the 

hCA II had similar behaviour to that against hCA I. In 

addition, AZA had a medium inhibition potencial against 

this isoform with a Ki value of 1104.43 nM. 

  

   

CONCLUSION 

Both recently synthesized substituted quinoline bearing 
cyano groups were tested for their antibacterial, 

anticancer activities in vitro and enzyme inhibition 

effects. We have shown that substituted quinolines have 

significant potential as being enzyme inhibitor against  

hCA I and hCA II. Also, all of the substituted quinolines 

effectively reduced enzyme activities of hCA I, and hCA 

II at the nanomolar concentrations. The substituted 

quinoline analogues can be drug candidate of the CAIs, 

for therapy of some diseases such as epilepsy, 

osteoporosis, glaucoma, gastric and duodenal ulcers, 

neurological disturbances. 
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INTRODUCTION 

 

Indenoquinolines contain quinoline scafolds 

bearing tetra aromatic heterocycle and considered as 

important chemical and biological agents due to their 

variable biological activities such as 5-HT-receptor 
binding and anti-inflammatory.1 They have also showed 

antitumor agents,2 antimalarials,3 and also AChEIs.4 

Thus, the synthesis of indenoquinolines has attracted 

considerable attention. However, there are restricted 

reports about synthesis of substituted indenoquinoline 

amine, displayed AChE inhibitory activity. Some 

reported studies showed that halogenated 

indenoquinoline analogues have better inhibitory activity 

compared with unsubstituted ones.5 This study reported 

that especially fluoro substituted at C-2 position of 

benzene ring fused 1-H indene having more AChE 
inhibitory activity potential compared with methoxy, 

chloro-substituted indenoquinoline amine derivatives.5 

 

This study presents the antiproliferative 

activities of mono bromo indenoquinolines against HeLa 

(cervical cancer cell line) and HT29 (colon cancer cell 

line).  

 

RESULTS AND DISCUSSION 

        In our previous papers,6 one-pot synthesis was 

described for functional bromo tetracyclic 

indenoquinoline amine derivatives were obtained 
because heterocyclic aromatics are key structures in a 

large amount of pharmacological compounds.7-8 Due to 

that the direct bromination leads to some problems in 

obtaining brominated N function aromatics.9 We 

attempted Friedlander reactions between 2-

aminobenzonitrile or corresponding brominated 2-

aminobenzonitriles and bromoindan-1-ones, instead of 

direct bromination of indenoquinoline nucleus. 

 

 

Figure 1. Mono bromo indenoquinolineamines 

Many anticancer drug candidates have been withdrawn 

from market due to their serious side effects, loss of 

sensitivity to drugs, and limited use for many cancer 

types. In the present study, the monobromo 

indenoquinoline derivatives (Figure 1) were prepared 

according to reported procedure by our research group9 

and investigated for their anticancer and cytotoxicities 

against HeLa and HT29 cell lines according to the MTT 

protocol. The half-maximal inhibitory concentration 

(IC50) of these molecules were calculated using Four-
Parameter Logistic Function, as well. 

 

The tested compounds caused selective 

antitumor properties against all tested cell lines (Table 1). 

All compounds depicted significant antiproliferative 

effect (IC50 values 19-37 µg/mL) against HeLa cancer 

cell lines (Table 1). In HT29 cell lines, compound 1 (IC50 

value 11 μg/mL) and 2 (IC50 value 28 µg/mL) showed a 

potent antitumor effect (Table 1). When the IC50 values 

of all the above-mentioned compounds are considered, 

effective ones have better antiproliferative effects 
compared to the positive control group, 5-FU (Table 1).  

 

Table 1. IC50 values of bromo indenoquinoline 
aminederivatives against HeLa and HT29 cell lines 
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CONCLUSION 

The most of tested compounds exhibit much more potent 

antiproliferative activity than positive controls against 

the cancer cells (IC50 values 19 – 37 µg/mL). In 

consequence, mono bromo indenoquinolines can be 

anticancer agent candidate against HeLa and HT29 

cancer cell lines.  

ACKNOWLEDGEMENTS 

This study was supported by SAÜ BAP (Grand No: 
Project number: 2014-02-04-008). 

REFERENCES 

1Anzini, M.; Cappelli, A.; Vomero, S.; Cagnotto, A.; Skorupska, M. 

Med. Chem. Res. 1993, 3, 249. 
2Deady, L. W.; Desneves, J.; Kaye, A. J.; Finlay, G. J.; Baguley, B. C.; 

Denny, W. A. Bioorg. Med. Chem. 2000, 8, 977.   
3Venugopalan, B.; Bapat, C. P.; Desouza, E. P.; Desouza, N. J. Indian 

J. Chem. B 1992, 31, 35. 
4Standridge, J. B. Clin. Ther. 2004, 26, 615. 
5Rampa, A. Bisi, A. Belluti, F. Gobbi, S. Valenti, P. Andrisano, V. 

Cavrini, V. Cavalli, A. Recanatini, M., Bioorg. Med. Chem. 2000, 8, 

497. 
6Ekiz, M., Tutar, A., Ökten, S., Bütün, B., Koçyiğit, Ü. M., Taslimi, P., 

Topçu, G., Archiv der Pharmazie, 2018, 351, 9, e1800167. 
7Ökten, S., Çakmak, O., Tekin, Ş., Turk. J. Clin. Lab. 2017, 8, 152. 
8Ökten, S., Çakmak, O., Tekin, Ş., Köprülü, T.K., Lett. Drug Des. Dis. 

2017, 14, 1415. 
9Ökten, S., Çakmak, O., Tetrahedron Lett. 2015, 56, 5337. 

 

 

 

 
 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 Compounds 
 (µg/mL) 

 HeLa  HT29 

 IC50  IC50 

  

 19  11 

  

 31.5  262.7 

  

 37  28 

      
 5-FU  65.6  68.2 
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INTRODUCTION 

Cancer which could be defined as abnormal cell 

differentiation as the result of wrong DNA replication, is 

a disease that is hard to treat, widely endemic, highly 

mortal and increasing day by day, is characterized by 

abnormal somatic cell proliferation and quick expansion 

in the body. Cisplatin which is a compound which is used 

widely endemic for cancer treatment, has several side 

effects like nephrotoxicity, hepatotoxicity and 

reproductive toxicity and it was determined that because 

of these side effects usage of this compound is limited. 
Therefore, less toxic and safe drugs are produced 

compared to cisplatin, doing a lot of research related to 

the synthesis of novel chemotherapeutic agents and their 

treatment1-3. 

 

 

Comp. R1 R2 Molecular Formula 

1 -H 2-OCH3 C24H26N6O3 

2 -H 3-OCH3 C24H26N6O3 

3 -H 4-N(CH3)2 C25H29N7O2 

4 -Cl 3-CH3 C24H25ClN6O2 

5 -Cl 3,5-diOCH3 C25H27ClN6O4 

Figure 1. Structure of compounds 1-5 

3(2H)-Pyridazinone ring is a six-membered 

lactam ring system with C4H4N2O closed formula. It is 

known that the tautomeric balance is due to the presence 

of free hydrogen in the nitrogen atom in the 3(2H)-

pyridazinone derivatives having no substituent at second 

position. Substituent-bearing derivatives of the 

pyridazinone ring, which is known to be aromatic in the 

ring nitrogen atom are weakly acidic and they form salts 

with strong bases or with ammonia and amines4,5. In 

recent years, many pharmacological activity studies have 

been carried out in compounds bearing the 3(2H)-

pyridazinone structure, and studies have shown that these 

compounds have analgesic, antiinflammatory, 

antipyretic, antihypertensive, antiulcer, antioxidant, 

antiallergic, bronchospasmolytic, antibacterial, 

antifungal, antihelmmentic effect6,9. There are also 

compounds which were reported to have anticancer 

activity in the 3(2H)-pyridazinone structure10-12. In the 

litterateur a lot of synthesis which the basis structure of 

3(2H)-pyridazinone has different functional group in side 
chains. It has also been reported that pyridazinones 

carrying substituents at fourth, fifth and sixth positions 

and containing phenyl groups attached to the ring 

nitrogen have cytostatic activity11,12.  These results 

suggest that pyridazinone compounds may be useful in  

cancer chemotherapy, depending on the type of cancer, 

and that derivatives bearing different substituents may 

exhibit varying degrees of cytotoxic effect. 

Because of these results related compounds 

were considered to be effective and safe for human health 

in order to treat cancer. In this context synthesized 3(2H)-
phyridazinone derivative compounds that are proven to 

be an anticancer effect on cancer cell lines which is 

widely endemic compared to other cancers in the world 

and their efficiency on human health comparison with 

current chemotherapy drugs was determined. 

Molecular modeling studies of active 

pyridazinone derivatives were carried out to investigate 

the structural activity.  

 

RESULTS AND DISCUSSION 

The activities of the compounds were evaluated 
in SH-SY5Y cell lines and the results are given in Table 

1 as IC50. Çiftçi at al. have stated that the compounds are 

may potential new drugs for cancer treatment11. 
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Table 1. IC50 concentration of prydazinone compounds 1-5 
(µM) 

Comp. SH-SY5Y 

1 55,4 

2 93,0 

3 50,0 

4 23,2 

5 177,7 

 

Fibroblast growth factor 1 (FGF1) is one of the 
most important factors in the development and 

differentiation of the central nervous system. Raguenez 

et al. reported a link between endogenous FGF1 signaling 

pathway and Bcl-2 in modulation of neuronal survival13. 

Therefore, this study was modeled with Bcl-2 protein. 

Based on these results, molecular modeling 

studies of the compounds have been made.The three-

dimensional models of the compounds were constituted 

using Maestro program (Schrödinger, LLC, NY) with the 

aid of MacroModel (Schrödinger, LLC, NY) software 

and the OPLS_2005 force field parameters, and were 

optimized by conjugated gradient method14. The ligand 
models were then ligated with LigPrep (Schrödinger, 

LLC, NY) software to determine the appropriate 

tautomeric and ionization states. The crystal structures 

Bcl-2 proteins retrieved from the RCSB Protein Data 

Bank (www.rcsb.org) by using the protein preparation 

wizard of Maestro for Bcl-2 4AQ3, 4IEH and 60OK PDB 

proteins15. Within this context, undesirable solvent 

molecules, ligands and segments in the crystal structures 

were deleted using Prime (Schrödinger, LLC, NY), 

Impact (Schrödinger, LLC, NY), Epic(Schrödinger, 

LLC, NY) and Propka softwares. molecular modeling 
studies are given in Table II. 

Table 2. Molecular docking scores of 1-5 

Comp. 4AQ3 4IEH 6O0K 

1 -5.862 -6.887 -6.466 

2 -6.147 -6.212 -5.845 

3 -4.938 -6.858 -6.495 

4 -5.197 -6.838 -7.243 

5 -5.504 -6.626 -6.529 

 In particular, in the modeling studies, it was 
found that the activity results were compatible with 

6O0K, a crystal structure of Bcl-2. 

 

 

 

 

Figure 1. Interaction of compound 4 with the active site of 
the enzyme (6O0K)  

Compound 4 was found to H bind with 
TYR108 in the active site of the enzyme. And also 

involved in the hydrophobic interaction with LEU137, 

PHE153, VAL156 MET115, PHE112, PHE104, 

ALA100, VAL148 and ALA149 in the active site of 

the enzyme. 

In silico screening test was performed to 

determine ADME properties of compounds. Various 

parameters such as Total polar surface area (TPSA), 

molecular volume (MV), miLog P, number of rotatable 

bonds, number of hydrogen donor and acceptor atoms 

and aqueous solubility were calculated on the basis of 
Lipinski's rule of five which are closely related to the 

activity and drug properties of the compounds of this 

screening test have been calculated theoretically. 

 
Table 3. Some pharmacokinetic parameters important for 
activity 

 
 1 2 3 4 5 

milogP 3.04 3.06 3.14 4.13 3.75 

TSPA 92.07 92.07 86.08 82.83 101.30 

MW 446.51 446.51 459.56 464.96 510.98 

nON 9 9 9 8 10 

nOHNH 1 1 1 1 1 

nviolations 0 0 0 0 1 

nrotb 7 7 7 6 8 

volume 405.98 405.98 426.35 410.53 445.06 

enzyme 

inhibitors 
0.36 -0,35 0.29 0.38 0.34 

Lipinski of 

five 
0 0 0 0 1 

 

When the results were examined, it was found 
that the TPSA value of the compound 5 with the lowest 

activity was higher than the others and MW value was 

more than 500. The most active compound 4 were found 
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to have the lowest TPSA value. 
 

CONCLUSION 

When the activities of the compounds were 

compared with the physicochemical parameters 

calculated by computerized methods, some parameters 

were found to be directly related to the activity 

(TPSA,MW). 
This study supports that the researchers may 

use to calculate various physicochemical properties and 

to make molecular modeling studies before working 

with pyridazinone derivates. 
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INTRODUCTION 

Zinc is one of the most abundant trace elements 

in the body [1]. It plays an important role in human 

growth; it has a recognized action on more than 300 

enzymes, by participating in their structure or in their 

catalytic and regulatory actions [2]. Zinc deficiency is 

associated with growth retardation, decreased appetite, 

abnormal wound healing, abnormal sexual function, 

neurologic abnormality, immune system dysfunction and 

predisposing to diseases such as diarrhea and pneumonia 
[3]. Zn with vitamin A participates in many body 

functions. It is involved in maintenance of immune 

function in humans [4]. Zinc deficiency has been 

associated with chronic liver disease, cirrhosis and 

chronic viral hepatitis [5]. The levels reduced zinc 

showed an inverse correlation with the degree of liver 

damage [6], liver fibrosis [7], and markers of liver 

dysfunction such as bilirubin, albumin, and cholesterol 

[8]. Serum zinc levels have also been noted in patients 

with alcoholic cirrhosis [9]. Zinc deficiency is known to 

adversely influence in immunity and in general health; 

however, excessive quantities of zinc intake may lead to 
both chronic and acute toxicity. Age, gender, and 

geographic location have major effects on zinc 

status [10]. High level of Zinc is found in Oysters, Red 

meat, poultry, beans, nuts, certain seafood, whole grains, 

fortified breakfast cereals, and dairy products. Low level 

of Zinc is found in vegetable, fruits, tea, coffee, rice, and 

bread [11]. 

The differential pulse anodic stripping 

voltammetry (DPASV) on a hanging mercury drop 

electrode is a good method for the determination of trace 

amount of metals in biological samples. The aim of the 
present study is to introduce DPASV method for the 

determination of Zinc in serum of healthy adults. 

MATERIAL AND METHODS 

Apparatus 

Anodic stripping voltammetry measurements 

were performed using a commercially available 

TraceLab 50 trace analysis system. It consists of 

POL150 polarographic analyzer, MDE150 

polarographic stand and TraceMaster 5 software 

(Radiometer Analytical S.A, France). The three 

electrodes system consists of a working hanging 

mercury dropping electrode (HMDE) that was 

renewed prior to each measurement, a platinum 

auxiliary electrode and Ag|AgCl saturated with KCl 

as reference electrode.  

 

     Reagents 
     All chemicals used were of analytical-reagent grade 

or the highest purity available. Aqueous solutions were 

prepared by dissolving a certain amount of chemicals into 

high-purity deionized water (MilliQ water system). 

Acids used for the analysis, the nitric acid (69.5%, Fluka) 

and the perchloric acid (70-72%, Merck). Stock solution 

of zinc (1000 ppm, atomic adsorption standard, Aldrich) 

was prepared in deionized water. 

 

     Sample digestion 

     A 0.5 ml of serum blood in a long-necked 50 ml flask, 

2.0 mL of acid mixture (1.5 mL HNO3 and 0.5 mL 
HClO4) was added in flask. The temperature is 

maintained with 150°C during 4 hours and then the 

temperature is fixed at 200°C until quasi total 

evaporation of the contents [12]. After cooling, we add 

the same mixture of acids to the residue, then we let 

evaporate until obtaining a dry residue [13]. This residue 

is taken again by 5 ml of nitric acid with 0.25% and 

preserved in polyethylene tubes [14]. Only reagents with 

low background impurities were used. 

 

     Procedure 
     Ten milliliters of the supporting electrolyte solution 

were pipetted into the cell and deoxygenated with argon 

for 5 min. The accumulation potential - 1150 mV was 

applied to a fresh mercury drop while the solution was 

stirred. Following the accumulation period, the stirring 

was stopped and after 5 s the voltammogram was 

recorded by applying a positive potential scan at 20 

mV/s. Each scan was repeated three times with a new 

drop for each analyzed solution and the mean of these 

mailto:t.attar@essa-tlemcen.dz
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voltammograms obtained. The operatory conditions for 

determination of zinc have been optimized by attar et al 
[15]. 

RESULTS AND DISCUSSION 

Accuracy 

The accuracy and precision of the method used 

were tested in 10 replicate tests with a reference materiel 

(Seronorm Trace Elements Serum, Billingstad, Norway). 

It is observed that the precision for two levels is 4.75 and 

5.87 %.  Furthermore, the percentage recovery of the zinc 

determination was tested by two levels seronorm with the 

recommended concentration of zinc are ranging between 

96.74 to 105.15% and the accurate for zinc is ranging 
between 95.67 to 105.17 %. Because of the high 

sensitivity of the differential pulse anodic stripping 

voltammetry, this method is applied to the determination 

of Zinc in the serum. The linear range for zinc was 

evaluated at 60 s deposition time. The peak current 

increased linearly with zinc concentration over the range 

0.285-57 µg/dL, with correlation coefficient of 0.999 

(Figure. 1). The detection limit for zinc was found to be 

0.086 µg/dL estimated from 10 replicate determination of 

blank solution.  

 

Application to serum samples 
A total of fifty-five subjects of healthy adults 

Algerian volunteers were selected in this study. The 

mean serum zinc concentrations for the healthy adults 

was 76.57±11.38 μg/dL (Table 1). The Zinc 

concentration range from 50.14 μg/dL to 129.15 μg/dL in 

the most of all subjects. As an application the figure 

below represents a voltammograms relating to the 

proportioning of zinc in the serum (Figure. 1). The zinc 

concentration of this sample is equal 69.54 µg/dL. 

 
Table 1. The results of means zinc concentrations, S.D.s, 
range, and 95% confidence intervals 

Mean (μg/dL) Range 
(μg/dL) 

Confidence 
95% 

76.57 ± 11.38 50.14 - 129.15 78.12 - 
84.71 

 

No significant differences were observed, for zinc in 

serum concentrations after applying to them the 

Student’s t-test.  

The comparison between the mean serum zinc 

concentration, for the overall samples (76.57±11.38 

μg/dL) in the present study, with that of healthy 

subjects from various countries showed that the mean 

serum zinc in this study was nearly similar to the mean 

serum zinc values in healthy subjects of an Turkey 

study (81.65±16.40 μg/dL) [16] and an Greek study 

(77.11±17.67 μg/dL) [17]. 
 

-1,15 -1,10 -1,05 -1,00 -0,95 -0,90 -0,85

0,0

0,2

0,4

0,6

0,8

1,0

1,2

Cu
rr

en
t (

µA
)

Potential (V)  
Figure 1. Typical voltammograms for the determination of 
serum zinc contents in a whole blood sample by the 
standard addition method.  
 

CONCLUSION 

The evaluation of the serum status of Zinc in 

healthy adults living in the west of Algeria by differential 

pulse anodic stripping voltammetry was performed for 
the first time in this study and in general, the results of 

this study agree with previously reported values from 

different countries. 
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INTRODUCTION 

While layered nanomaterials or two-

dimensional nanomaterials are defined as materials with 

relatively large lateral dimensions and strong chemical 

bonds, the ability to form less layered and weaker Van 

der Waals bonds is an active research area. Hexagonal 

boron nitride (h-BN) is still one of the two-dimensional 

nanomaterials whose research is continuing1. So far, 

several methods for synthesizing 2D h-BN have been 

developed. Similar to graphene, 2D h-BN can be 

produced by mechanical or chemical exfoliation. The 

methods of producing boron nitride nanosheets (BNNSs) 
are generally those which can be classified as a bottom-

up approach that forms a two-dimensional nanosheet by 

incorporating small molecules or precursors into 

complex nanostructures. In contrast, the exfoliation 

approach creates a 2D nanosheet starting from bulk 

materials that can be classified as a top down method2. In 

a study conducted by Wang et al. boron nitride 

nanosheets were produced by exfoliation on a large scale 

in methane sulfonic acid. BNNSs were produced for the 

first time by liquid phase exfoliation of h-BN particles in 

methane sulfonic acid. Researchers have reported that 
such sulfonic acid is more potent against exfoliation and 

stabilization of BNNS compared to commonly used 

organic solvents. They concluded that the yield of the 

product in methane sulfonic acid solution could reach up 

to 0.3 mg/mL3. Zhi and colleagues in their study have 

made large-scale synthesis of BNNSs. N, N-

dimethylformamide (DMF), a strong polar solvent, was 

used. The researchers increased the mechanical strength 

of composites by 22% by using BNNSs in composite 

production4. In this study, BNNSs were prepared at 

different concentrations and various characterization 

procedures were performed. Boron nitride powder 
(micron size,> 98% purity, Bortek Bor Teknolojileri ve 

Mekatronik San. Tic. A.Ş.) was used to form BNNSs. 

Deionized water was used as solvent in the preparation 

of the suspension. Sodium dodecyl sulfate (SDS, Sigma 

Aldrich, 98.5%) was used as the surface activator to 

ensure effective distribution of boron nitride in water. 

Boron nitride nanosheets were synthesized by a method 

known as liquid exfoliation. In Figure 1 schematic 

diagram of BNNSs synthesis were given.  

 
Figure 1. Synthesis of BNNSs 

 

Mixtures prepared at different initial 

concentrations (0.2, 0.6, 0.8, 1.0, 1.2, 1.4, 1.6, 1.8 and 

2mg/mL) were sonicated in a 180 W ultrasonic bath at 45 

minutes intervals for 6 hours. SDS was added at 0.1% by 

weight. In order to control the bath temperature, cold 

water circulation was provided by creating an ice bath in 

the ultrasonic bath. When cold water circulation was 

stopped during sonication, the temperature rose to 60°C 

within a few hours due to the spread of sonic energy. 

When the ice bath was repeated every 30 min, the 
temperature was maintained at 30°C. Boron nitride was 

centrifuged at 6000 rpm for 30 minutes to remove 

unexfoliated BN particles.  

Efficiency analysis of the obtained nanosheets 

was determined by UV visible region spectroscopy 

(Agilent Technologies, Cary 60 UV-Vis). Morphological 

image of nanosheets prepared at different concentrations 

was examined by Scanning Electron Microscopy (SEM, 

Zeiss Supra 40VP, Germany) analysis. The presence of 

boron nitride and other groups in boron nitride 

nanosheets was investigated by FT-IR (Agilent 

Technologies, Cary 630 FTIR) analysis. Raman analysis 
proved the exfoliated boron nitride layers. AFM analysis 

showed the thickness of BNNSs.   
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RESULTS AND DISCUSSION 

FT-IR analyzes were performed in the 
wavenumber range of 400-4000 cm-1. The boron nitride 

nanosheets prepared at different concentrations were 

coated onto the copper layer and the analysis was 

performed. Figure 2 shows the IR spectra of boron nitride 

nanosheet suspensions at different concentrations. 

 
Figure 2. IR spectra of boron nitride nanosheet 
suspensions prepared at different concentrations 

 

IR spectra of boron nitride nanosheet 

suspensions prepared at different concentrations are 

similar when examined in Figure 2. The stress at 3278 

cm-1 wavenumbers seen in all samples refers to the H-OH 

strain from the sodium dodecyl sulfate structure. The 
peak at a wavenumber of 2100,9 cm-1 belongs to strong 

C-C binding. Again, the sharp stress at the wavenumber 

of 1633 cm-1 belongs to amide C = O binding5. It was 

evaluated that the stress occurring in 1371.88 cm-1 

belongs to the characteristic B-N-B binding mode and B-

N stress in the structure of boron nitride 6-8. The peak at 

1075 cm-1 is the stress caused by C-C binding. At 1051 

cm-1 wavenumber, the peak of the C-O-C stretch is seen. 

It contains the skeleton vibration bridge caused by peak 

S-O stretching at a wavenumber of 1220 cm-1. Wide band 

tension of 521,56 cm-1 wavenumber occurred as a result 

of C-H asymmetric stress5. 
The surface to be imaged was coated with 

palladium/ gold before SEM analysis. Boron nitride 

nanosheet suspensions prepared at different 

concentrations were plated onto copper layer by drop 

casting method and morphological images were taken at 

30.00 Kx magnification by SEM analysis. Most of the h-

BNs were thick flakes of lateral dimensions ranging from 

one hundred nanometers to several micrometers. As the 

boron nitride concentration increased, boron nitride 

layers were deposited on top of each other (Figure 3-h, i). 

At low concentrations, exfoliation and separation are 
more visible (a, b, c). The stripping of the nanoparticles 

in the solvent occurs due to the strong interaction 

between the solvent and the nanoparticles; this means 

that the energy for exfoliation is low. This energy for the 

water solvent is generally low compared to different 

solvents and surfactants such as SDS are used to obtain 
boron nitride in thin layers9.  

 
 
Figure 3. SEM images of boron nitride nanosheet 

suspensions prepared at different concentrations a) 02-6 b) 
06-6 c) 08-6 d) 1-6 e) 12-6 f) 14-6 g) 16-6 h) 18-6 i ) 2-6 

 

During sonication of boron nitride flakes in the 

solvent, initially large flakes are divided into smaller 

flakes, and as time increases, more energy is given to 

yield small amounts of layers or high concentration 

monoslides 10. 

UV-Visible Spectrophotometer was used to 

calculate the concentration values of boron nitride 

nanosheets. Boron nitride suspensions were prepared 

using deionized water at concentrations of 0.01, 0.02, 

0.03, 0.04, and 0.05 mg / mL and absorbance values at 
400 nm wavelength were noted. The absorbance values 

corresponding to the concentration values were plotted 

and a calibration curve was generated (Figure 4). The 

amount of boron nitride nanosheets obtained at different 

initial concentrations was determined using the 

calibration curve equation (y = 7.831x + 0.01629). Table 

1 shows the absorbance values, concentration amounts 

and % yields of nanosheets obtained at different 

concentration values. 

 
Figure 4. Boron nitride-water suspension calibration curve 
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Table 1. Absorbance and concentration values of boron 
nitride nanosheets synthesized at different concentration 

values 

 
When the results calculated according to the 

calibration curve were examined, concentration values 

varied between 0.003 and 0.02 mg/mL. According to the 

results, when the initial concentration was increased to 

1.8 and 2 mg/mL, the yield decreased considerably. 

These results are in parallel with SEM analysis. In the 

nanosheet images obtained at high concentration values, 
boron nitride layers were deposited on top of each other 

(Figure 3-h, i). At low concentrations, exfoliation and 

separation are more visible (a, b, c). This affected the 

yields of the obtained nanosheets. The highest yield was 

7.60% at an initial concentration of 0.2 mg/mL. 

Raman analysis was performed to obtain boron 

nitride nanosheets formation. Raman spectrum belongs 

to 08-6 sample was given in Figure 5. The characteristic 

peak of BNNSs was seen in Raman spectra at 1366.51 

cm-1. The stress of the E2g vibration mode shows a shift 

in nanosheets relative to the bulk form in the structures. 
This is due to the reduction in the particle size of the 

boron nitride and the separation of the structure into 

layers. As the number of layers increases, the E2g band 

shifts to the right. In the study of Thripuranthaka et al., 

Raman spectra of nanosheets consisting of bulk h-BN 

powder, single layer nanosheet and several layers were 

compared. When the spectra were examined, the Raman 

peak of h-BN was observed at 1359,32 cm-1, the single-

layer nanosheet peak was 1361,14 cm-1, and the multiple- 

layer nanosheet peak was 1366,48 cm-1. When the results 

were examined, Raman peaks shifted to right in the 

spectrum in the transition from bulk form to multilayer 
nanosheet form11.  

 
Figure 5. Raman spectrum of 08-6 sample 
 
Figure 6 shows the AFM image of 08-6 sample. AFM 
analysis was performed to obtain the thickness of the 

nanosheets.  

 

 
 
Figure 6. AFM histogram of 08-6 sample 
 

In Figure 6, the thickness of nanosheets varies between 

0-400 nm. Here, darker parts represent thicker layers, 

while light colored nanosheets represent thinner layers. 

Thick nanosheets are also observed due to the formation 
of overlapping nanosheets as a result of agglomeration 

due to a single layer coating on the silicon wafer. The 

AFM histogram is parallel to the SEM images. When 

examined in Figure 3-c, nanosheets are in agglomerated 

form. Excessive use of SDS surfactant resulted in 

agglomeration of nanosheets instead of stratification. 

CONCLUSION 

The IR spectra of boron nitride nanosheet 

suspensions prepared at different concentrations yielded 

similar peaks. The H-OH bond of sodium dodecyl sulfate 

used as the surface activator, strong C-C binding, C = O 

binding to the amide, C-O-C and S-O binding resulted in 
C-H asymmetric stretching. The characteristic B-N-B 

Sampl

e 

Codes 

Absorbanc

e 

Concentratio

n  

(mg/mL) 

Yiel

d  

% 

02-6 0.1357 0.0152 7.60 

06-6 0.1112 0.0121 2.01 

08-6 0.1803 0.0209 2.61 

1-6 0.1080 0.0117 1.60 

12-6 0.1676 0.0193 1.17 

14-6 0.0690 0.0067 0.48 

16-6 0.1888 0.0220 0.32 

18-6 0.0445 0.0036 0.20 

2-6 0.0520 0.0046 0.23 
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binding mode and B-N stress in the structure of boron 

nitride were also observed in the spectrum. 
Most of the h-BNs were thick flakes of lateral 

dimensions ranging from one hundred nanometers to 

several micrometers. When SEM images were examined, 

as boron nitride concentration increased, boron nitride 

layers were deposited on top of each other. At low 

concentrations, exfoliation is better.  

Yield increased considerably when the initial 

concentration was increased to 1.2 and 1.6mg/ mL. These 

results are in parallel with SEM analysis. The highest 

yield was obtained with an initial concentration of 0.2 

mg/mL at 7.60%. 
The raman spectrum proved that boron nitride 

was separated into layers. E2g vibration mode shows a 

shift in nanosheets relative to the bulk form in the 

structures. 

Excessive use of SDS surfactant resulted in 

agglomeration of nanosheets instead of stratification. 
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INTRODUCTION 

Recent advances in understanding graphene 

crystals in two-dimensional (2D) order have encouraged 

more researchers to work in the field of nanosheets. 2D 
materials have a regular structure. In these materials, 

atoms are contained within a single layer. There are no 

different layers with strong or weak bonds between them 
1. The best known 2D material is graphene2 which is the 

thinnest material known to date, as a single layer of a 

carbon honeycomb weave. Based on composition and 

crystal structure, many other 2D materials are known to 

have been predicted and synthesized in the last   decade 
3-6. These materials have an ultra-thin layer structure but 

have different functions for different applications. 

Undoubtedly, because of the large number of 2D 

materials, their unique properties and their versatility, 
scientists and engineers have become interested in a wide 

range of research. Electronics, optoelectronics, energy 

storage and conversion, etc. are promising applications 

for 2D materials7. There are several methods for 

producing 2D materials. The best known is the micro 

mechanical division (MC)2 which uses Scotch tape to 

separate thin layers from bulk material. Chemical vapor 

deposition method (CVD) is a well-known method for 

synthesizing nanomaterials containing zero-dimensional 

(OD), one-and two-dimensional (1D and 2D) materials in 

large quantities based on the bottom-up production 
principle1. Because of the nature of the layered 

nanomaterials, that is, they have strong in-plane covalent 

bonds between the structural components and weak van 

der Waals interaction between the atomic layers, it is 

possible to directly synthesize 2D nanosheets by 

exfoliation method based on 3D crystals8. 

Since boron nitride nanosheets do not 
effectively disperse in water, some surfactants are used 

for the exfoliation process. However, the concentration 

and lateral size of nanosheets in aqueous BNNS 

dispersions are quite low. To increase BNNSs 

concentration, ionic   surfactants may be used in liquid 

exfoliation. At the same time, ionic surfactants provide 

both advantages such as effective shielding of BNNS 

from water and good dispersibility with water that allows 

it to preferably migrate to the BNNS surface and provide 

suspension stability9. Lotya et al. used SDBS ionic 

surfactant to produce graphene in water solution using 
ultrasonication technique. They successfully synthesized 

multilayer graphene smaller than 5 layers. They also 

proved that surfactant added dispersions were stable for 

6 weeks10. 

Smith et al. reported the effect of 12 different ionic 

and non-ionic surfactant addition on production of 
graphene nanosheets in water suspension.  For all 

surfactants the similar flake size obtained, and the 

dispersed concentration varied by a factor of 2-3 from 

surfactant to surfactant. It was also mentioned that ionic 

surfactants stabilized the sheets and played an important 

role to protect nanosheets from aggregation11. 

In the current paper, three kind of surfactant such as 

sodium dodecylsulfate (SDS) powder, sodium dodecyl 

benzene sulfonate (SDBS) and deoxyclic acid (DA) were 

used in the synthesis of boron nitride nanosheets using 

liquid exfoliation method. Specific ratios of surfactants 

and boron nitride powder were ultrasonically dispersed 

in water and centrifuged to form BNNSs.  

 

 
 
Figure 1. Ultrasonic-centrifuge technique for 

BNNSs production 

 

In Figure 1 ultrasonic-centrifuge technique for 

BNNSs production was given. In this method, BNNSs 

were produced based on 5 different initial concentrations 

(0.2, 0.6, 0.8, 1.2, and 1.6). 3 different surfactants and 

boron nitride were combined to a certain extent and 

sonicated in an ultrasonic bath for 6 hours. It was 

centrifuged at 6000 rpm for 30 minutes to remove 

undesirable boron nitride particles. The efficiency 
analysis of the obtained nanosheets was determined by 
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 UV visible region (Agilent Technologies, Cary 60 UV-

Vis) spectroscopy. The morphological structure of 
nanosheets and surfactants was investigated by Scanning 

Electron Microscope (SEM, Zeiss Supra 40VP, 

Germany) analysis. Formation of boron nitride was 

proved with FT-IR (Agilent Technologies, Cary 630 

FTIR) and Raman analysis. The thickness distribution of 

boron nitride nanosheets was determined by AFM 

analysis. 

RESULTS AND DISCUSSION 

UV-Visible Spectrophotometer was used to 

calculate the concentration values of boron nitride 

nanosheets. Table 1 shows the yield of boron nitride 
nanosheets after exfoliation with different surfactants. 
 

Table 1. Concentration and yield values of boron nitride 
nanosheets synthesized with different surfactants 

 
Initial 

concentratio

n 

(mg/mL) 

Surfactan

t 

Concentratio

n of BNNSs  

(mg/mL) 

Yiel

d % 

0.2 SDS 0.0152 7.60 

0.6 SDS 0.0121 2.01 

0.8 SDS 0.0209 2.61 

1.2 SDS 0.0193 1.60 

1.6 SDS 0.0220 1.38 

0.2 SDBS 0.0015 0.75 

0.6 SDBS 0.0122 2.03 

0.8 SDBS 0.0198 2.48 

1.2 SDBS 0.0268 2.23 

1.6 SDBS 0.0144 2.55 

0.2 DA 0.0008 0.40 

0.6 DA 0.0064 1.06 

0.8 DA 0.0025 0.31 

1.2 DA 0.0058 0.48 

1.6 DA 0.0104 0.65 

 

When the yield results of BNNSs produced 

using SDS surfactant were examined, concentration 

values varied between 0.01 and 0.02 mg/mL. These 

results are in parallel with SEM analysis. In the nanosheet 

images obtained at high concentration values, boron 

nitride layers were deposited on top of each other (Figure 

2-d, e). At low concentrations, exfoliation and separation 

can be seen clearly (a, b, c). This affected the yields of 

the obtained nanosheets. When SDBS surfactant is used, 
boron nitride yields are between 0.75 and 2.5%. It was 

observed that the yields were lower when compared with  

SDS surfactant. In DA surfactant, yield results 

were significantly lower than both SDS and SDBS (0.3-

1.06%). Figure 2,3 and 4 shows the SEM images of 

BNNSs with different surfactants.  

 

 

 
Figure 2. SEM images of boron nitride nanosheet suspensions 
prepared with SDS surfactant a) 02-6 b) 06-6 c) 08-6 d) 12-6 e) 
16-6  

 

 
 

Figure 3. SEM images of boron nitride nanosheet suspensions 
prepared with SDBS surfactant a) 02-6 b) 06-6 c) 08-6 d) 12-6 
e) 16-6 

When the morphological images of BNNSs 

obtained using 3 different surface activators are 

examined, it is possible to say that SDBS is the most 

effective surfactant in layer-by-layer separation of boron 

nitride. Exfoliated layers of boron nitride were observed, 

especially when the initial concentration of 1.6 mg/mL 
was used (Figure 3-e). In Figure 3, as the initial 

concentration is increased, the formation of boron nitride 

nanosheet is more pronounced. At low concentrations, 

BNNSs attached to the SDBS surfactant are observed 

(Figure 3-c). In order to stabilize the produced 2D 

nanosheets, the interfacial tension between the materials 

and the liquid medium needs to be minimized, thus 

reflecting the existence of good interactions12. 
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Figure 4. SEM images of boron nitride nanosheet suspensions 
prepared with DA surfactant a) 02-6 b) 06-6 c) 08-6 d) 12-6 e) 
16-6 

 
Figure 4 shows the typical morphological 

structure of the DA surfactant (Figure 4-a). It was not 

effective in separating boron nitride as a layer in all 

studied concentrations. When the efficiency results of the 

DA surface activator are examined, it can be said that 

they are in parallel with the morphological images. 

Raman analysis was performed to prove the 

formation of BNNSs. Figure 5 shows the Raman spectra 

of BNNSs produced by using SDS, SDBS and DA 

surface activators. According to the SEM images three 

samples (08-SDS, 16-SDBS and 12-DA) were chosen for 
Raman analysis.  

 
Figure 5. Raman spectra of BNNSs prepared with different 
surfactants 

Raman spectroscopy is widely used for the 

characterization of lattice vibration modes of graphene-

based materials. Considering shear, width and ratio 

between different peaks, Raman results can show the 

quality, layers and defect density of graphene-based 

materials. The typical E2g band of h-BN is about 1365 

cm-1; this is 1055 cm-1 for transverse phonons and 1305 

cm-1 for longitudinal cubic BN 13.  
 

 

This reduction in Raman density of E2g vibration 

can be attributed to poor interaction between layers due 
to exfoliation in the solvent. (002) the slight shift of the 

peak to the right is also associated with increased layer 

voids after exfoliation 14. As the number of layers 

increases, the E2g band shifts to the right. From Figure 5 

we can conclude that BNNSs produced with SDS and 

SDBS surfactants have more layers compared with the 

DA one as the E2g band seems at 1366.51 cm-1 while DA 

surfactant has E2g band at 1352.59 cm-1. 

The variation in Raman density may claim that 

due to the less controllable sample quantity under the 

irradiation of the laser spot, it may not accurately reflect 
the number of layers. However, the rational exfoliated 

BNNSs have less bulk density than h-BN bulk materials 

due to the greater space between the layers. In addition, 

increased imperfections and edge effects after exfoliation 

of BNNS can also be considered as the causes of E2g 

band change 15. 

Figure 6 includes the AFM histograms of BNNSs. 

From Figure 6-a the thickness of nanosheets varies 

between 40-100 nm. The lateral dimension ranges 

between 1-2.5 µm.  

 
Figure 6. AFM histogram of BNNSs produced with different 

surfactant a) DA, b)SDBS, c)SDS 

 

In Figure 6-b we can say that BNNSs produced 
with SDBS surfactant have thickness range between 0-

100 nm and lateral size range is 0.4-1.8 µm. For the 

surfactant of SDS the thickness of BNNSs range between 

0-400 nm while lateral size reaches to 10 µm. If we 

compare all kind of BNNSs produced with different 

surfactant, DA and SDBS have thinner nanosheets. 

BNNSs produced with SDS are thick and their lateral size 

is also bigger than the others. 

IR spectra of boron nitride nanosheet suspensions 

prepared with different surfactants are similar when 

examined in Figure 7-9.  
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Figure 7. IR spectra of boron nitride nanosheet suspensions 
prepared with DA surfactant 

 

When IR spectra are examined, it is observed 

that as boron nitride concentration increases, boron 

nitride band narrows. The stress at 3261.72 cm-1 

wavenumbers seen in all samples belongs to the H-OH 

strain from the DA, SDBS and SDS structure. The peak 

at 2116,39 cm-1 belongs to strong C-C binding. Again, 

the sharp stress at the wavenumber of 1634.25 cm-1 refers 

to amide C = O binding3. It was evaluated that the stress 

occurring in 1371.88, 1373.88, 1377.68 belongs to the 
characteristic B-N-B binding mode and B-N stress in the 

structure of boron nitride 16. The peak at 1165.66 cm-1 is 

the stress caused by C-C binding. At 1105.63 cm-1 

wavenumber, the peak of the C-O-C stretch is seen. It 

contains the skeleton vibration bridge caused by peak S-

O stretching at a wavenumber of 1220 cm-1. Wide band 

tension of 536.35 cm-1 wavenumber occurred as a result 

of C-H asymmetric stress3. 

 
Figure 8. IR spectra of boron nitride nanosheet suspensions 
prepared with SDBS surfactant 

 
Figure 9. IR spectra of boron nitride nanosheet suspensions 
prepared with SDS surfactant 

 

CONCLUSION 

If the results are summarized: 

 DA surfactant was not effective in separating boron 

nitride as a layer in all studied concentrations. 

According to the SEM images SDBS showed better 

performance as a surface activator.  

 In DA surfactant, yield results were significantly 

lower than both SDS and SDBS (0.3-1.06%). 

 The ramectrum proved that boron nitride was 
separated into layers. We can conclude that BNNSs 

produced with SDS and SDBS surfactants have more 

layers compared with the DA one as the E2g band 

seems at 1366.51 cm-1 while DA surfactant has E2g 

band at 1352.59 cm-1. 

 AFM histogram shows us DA and SDBS have 

thinner nanosheets. BNNSs produced with SDS are 

thick and their lateral size is also bigger than the others. 
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INTRODUCTION 

Biosensors are analytical devices that convert a 
biological response into an electrical signal. biosensors 

must be highly specific, and independent of pH, 

temperature and other physical parameters. In addition 

should be reusable. [1]. Biosensor technology is based on 

a specific biological recognition element (enzyme, 

microorganism etc) in combination with a transducer for 

signal processing. Biosensors have been play a 

significant role in medicine, agriculture, food safety, 

environmental and industrial monitoring [2-5]. 

Epilepsy is the one of the most common 

neurological disorder and affects people of all ages. 

Epilepsy is characterized by unpredictable seizures and 

can cause different health problems. Epileptic seizures 

are caused by disturbances in the electrical activity of the 

brain. Epilepsy is a long-term illness and its medicines 

are the mainstay of epilepsy treatment  and sometimes the 

use of lifetime anti-epileptic is required. Therefore, the 
side effects of short and long-term treatment should be 

taken into consideration as well as efficacy in the 

treatment chosen and follow-up during use is important. 

Valproic acid (sodium valproate) is one of the most 

effective and broad-spectrum anti-epileptic drugs in 

epilepsy treatment. Furthermore it is one of the most 

widely used anti epileptics worldwide and its use is 

increasing day by day. Valproic acid pharmacological 

effects involve increased gamma-aminobutyric acid 

reduced release and/or effects of excitatory amino acids, 

blockade of voltage gated sodium channels [6]. 

 To maintain the therapeutic blood 

concentration, in patients who use valproic acid, valproic 

acid test is performed which determine the amount of 

drug in the bloodstream. The normal value range of 

valproic acid in the blood is 50 - 100 µg / ml. If the level 

of blood in the drug is below this range, adequate 
therapeutic efficacy cannot be achieved. On the contrary, 

if the drug concentration in bloodstream is increases,  

which will cause more harm than good. In higher 

concentration the drug results to toxic and unwanted 
adverse side effects. Generally, if the level of sodium 

valproate is within the therapeutic limits, the patient does 

not have seizure recurrences, mood swings, or significant 

side effects in the patient and indicates that the patient 

uses adequate amounts of valproic acid. 

This work proposal is presented for the purpose of 
completing a number of preliminary studies to develop a 

biosensor in order to follow the drug level in the blood of 

patients using valproic acid in the treatment of epilepsy. 

 

Figure 1.  Structure of valproic acid and gamma-

amino butyric acid (GABA) 

 

RESULTS AND DISCUSSION 

The valproic acid-selective electrode was evaluated 

potentiometric performance for optimize electrode 

composition. Valproic acid selective electrode was 

determined calibration curve of the over sodium 

valproate concentration range of 1.0 x 10−1 to 1.0 x 10−5 

M.  

 

The optimum electrode was prepared by 
thorough mixing of 5.5 % ionophore (gamma 

aminobutyric acid), 55.0 % graphite and 39.5 % epoxy in 

5 mL of THF. This mixture was placed on the electrodes 

surface and let dry for 24 h. Prior to first use, the prepared 

electrodes were conditioned in a 1.0 x 10-2 M sodium 

valproate solution for 6 h. Preparation of other 

membranes and optimized of membrane ingredients are 

summarized Table 1. 
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Figure 1 and 2 clear that the best valproic 
acid selective electrodes exhibited a linear response, 
the graph of the linear response was defined by the 
equation of E = −7,786 (-log [VPA]) + 1298,8 and -
19,472 (-log [VPA]) + 1087,4  with a correlation 
coefficient r2 = 0.9996 and r2 = 0,990.  

 
Table 1. Optimized of electrode ingredients 

 
No 

Composition (% w/w) 

GABA Graphite Epoxy R2 

1 
2 

3 
4 
5 
6 

4.5 
5.5 

5.5 
6.0 
7.0 
8.0 

50.0 
50.0 

55.0 
50.0 
50.0 
50.0 

45.5 
44.5 

39.5 
44.0 
43.0 
42.0 

0.9827 
0.9864 

0.9942 
0.9900 
0.9844 
0.9808 

 
 

 

 

 

 
Figure 1 (A-B). Potentiometric response of the best 

valproic acid selective electrodes against 1.0 x 10-1 – 1.0 

x 10-5 M sodium valproat ion 
 

CONCLUSION 

In this study, a potentiometric electrode which is 
sensitive and selective for the determination of 
sodium valproate in aqueous solutions was 
developed. The best valproic acid selective electrode 
exhibited a linear response (E = −7.786 (-log [VPA]) 
+ 1298,8 and r2 = 0.9969) concentration range of 1.0 x 

10-1 to 1.0 x 10-5 M sodium valproate ions.  The electrode 

has been shown to have good reusability (10-2 to 10-4 M 

sodium valproate ion solution), and fast response time of 

approximate 10 second.  
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ABSTRACT 

 

Inorganic pigment of Co-Spinel was 

synthesized by ultrasonic assisted co-precipitation 
method at different ultrasonic-treatment temperatures. 

The effect of ultrasonic treatment on reaction mechanism 

is also detailed. The colour analyses results indicated that 

the lowest b* value of -41.31 was observed at the 

ultrasonic treatment of 50°C. The synthesized bright blue 

powders were identified as Cobalt Aluminate Oxide 

(CoAl2O4, powder diffraction file number of 00-044-

0160) in X-Ray diffraction (XRD) analyses. The colour 

of synthesized compound was proved by adsorption 

peaks at the wavelengths of 550, 610 and 645 nm in UV-

Vis spectroscopy (UV) results. The experimental results 
showed that spinels could be synthesized at higher 

crystallinity features by the use of ultrasonic treatment. 

 

INTRODUCTION 

 

Spinel type inorganic pigments are chemically 

and thermally stabile at high temperature. CoAl2O4 is a 

typical type of spinel and is also known as Thenard’s 

blue. It is preferable especially in the coloration of 

ceramics, glass, plastics and porcelain enamels [1, 2]. 

 

The colour performance, crystallinity, particle shape and 

size of pigments are essential characteristic to determine 

their quality. These characteristics will affect their 

printing and applications. Recent printing technology is 

based on two main methods: 

 Analog printing that includes the use of micro-

structured inks  

 Digital printing (ink-jet printing or 3D printing) that 

includes the use of nano-structured inks [3] 

The traditional preparation methods of CoAl2O4 

is based on the solid-state reaction of cobalt and 

aluminium sources at higher temperatures. With the 

developments in technology and science, hydrothermal 

methods have been began to use as previous step to 

increase the contact of raw materials particles before the 

calcination. Pechini, hydrothermal, polyol, solution 
combustion, co-precipitation are the common methods of 

CoAl2O4 synthesis [4-6]. The synthesis procedure 

includes the dissolution of cobalt and aluminium sources 

separately in an organic solvent or water medium at the 

pH values higher than 8. Capping agents, such as N, P, O 

or S terminated ligands, can be preferred to form the 

particle size and shape. Particle properties are notable for 

the pigments’ colour performance and application. The 

researches indicated that pre-treatments play important 

role in the colour performance of synthesized pigment 

particles. In these experiments, it is aimed to prepare 
purple-pink solutions of proper complexes before the 

reaction. After the preparing the complexes including Co 

and Al at room temperatures, the reaction repeated at 

different temperature and times [1, 2, 4-6]. 

 

The ultrasonic beam can be used in synthesis 

procedures to obtain a homogenous interaction between 

the materials and to obtained proper and smaller particles 

[7]. This technique generally is preferred because of the 

increases in product formation and the decreases in the 

reaction times.  

 
During the ultrasonic-treatment, there may be 

temperature increase in liquid medium when the 

ultrasonic beam contact with the particles. To use of 

ultrasonic beam in the synthesis procedure, it should be 

experimented the effects of this temperature effect on the 

product characteristics. Different temperatures were 

experimented during ultrasonic-treatment and the effects 

on characterization is compared. 

 

 

EXPERIMENTS AND RESULTS 

The cobalt source of CoCl2·6H2O and 

aluminium source of AlCl3·6H2O were used for the 

synthesis. CoCl2·6H2O was supplied from Alfa Aesar 

mailto:fatma.senberber@nisantasi.edu.tr
mailto:tsenberber@gmail.com


 

5th ITWCCST – October 25-29, 2019 - Sakarya, TURKEY. 

24 

with a minimum purity of 98%. AlCl3·6H2O (with a 

minimum purity of 98%) and NaOH were provided from 
Merck Chemicals.  

 

Ultrasonic-assisted co-precipitation method was 

used fot the CoAl2O4 synthesis. Co and Al sources were 

dissolved in liquid medium at the stoichiometric ratio 

(Co/Al) of 0.5. The mixture pH adjusted to the 13 by 

using the 3M NaOH solution. Ultrasonic homogenizer of 

Bandelin Sonopuls (HD 2070 (20 kHz) model) was 

employed to precipitate the midproduct before the 

calcination.   The temperatures were selected as 25, 50 

and 75°C for the ultrasonic-treatment. The obtained pink-
purple solutions were washed with water and filtered. 

The filtrates were dried at 105°C in EcoCELL 111 model 

oven; and calcined at 1200°C for 3 hours by using the 

high temperature furnace of Protherm MOS 180/4. The 

samples ultrasonic treated at 25, 50 and 75°C were coded 

as S-1, S-2 and S-3, respectively. 

 

The intense blue particles were conducted to 

PCE CSM 1 model colorimeter for the colour analysis. 

For the identification of samples, PANalytical Xpert Pro 

X-Ray Diffractometer was used at the analyses 

conditions of 40mA, 45 kV and 2θ range of 7°–90°. 
Perkin Elmer UV-Vis spectropohotometer was preferred 

for the analyses of characteristic bands between the Co 

and Al atoms in the range of 500-700 nm. For the UV 

analyses the samples were dissolved in ethanol.   

 

RESULTS AND DISCUSSION 

In colour coordinate, the colour of a pigment can 

be expressed with three main parameters: L* is the 

lightness range from 0 (black) to 100 (white), a* is used 

for the range from – (green) to + (red) and b* is used the 

range from – (blue) to + (yellow). Chroma (c*) and Hue 
angle (h*) are the derived magnitudes of colour 

coordinate system. The c* value is the distance from the 

L* axis and begins at 0 in the centre. h* begins at the 

positive side of a* axis and is expressed in degrees.  

 

The chromatic parameters of prepared cobalt 

aluminates are given in Table 1. The lowest b* value of 

sample prepared at the ultrasonic treatment temperature 

of 50°C indicates that the targeted reaction mechanism is 

achieved. According to the colour circle, the h* angle is 

also in good agreement with the blue colour.    

 
Table 1. The chromatic parameters of samples  

Sample 
Code 

L* a* b* c* h* 

S-1 32.40 -23.20 -12.10 26.16 207.55 

S-2 34.09 9.61 -41.31 42.42 283.10 

S-3 22.06 -2.07 -2.86 3.53 234.20 

 

Images of synthesized pigments are presented in 

Figure 1. The obtained colour analyses results are 
consistent with the literature [8]. The synthesis 

mechanism of CoAl2O4 can be explained with an optical 

view. Co source turns the black particles of Co3O4 in the 

lack of Al source or other reaction parameters. Because 

of the use of constant Co/Al ratio in experiments, the 

factor effect on the reaction mechanism will be 

temperature of ultrasonic treatment. With the proceeding 

of reaction mechanism, the black particles form to the 

dark green Co2AlO4 and then bright blue CoAl2O4. In this 

sight, the spinel structure of CoAl2O4 is prepared in S-2.  

 

 
Figure 1. Images of synthesized pigments 

XRD patterns of prepared cobalt aluminates are 

seen in Figure 2. The synthesized phase identified as 
Cobalt Aluminum Oxide with the powder diffraction file 

of “00-044-0160”. Although the CoAl2O4 formation 

begins in XRD pattern of S-1, the presence of Co2AlO4 

can be seen in sample images in Figure 1. Both the 

required characteristic peak formation XRD and bright 

blue image prove that the desired conversion is achieved 

in S-2. The increase in reaction temperature higher than 

50°C affects the bonds in the Co and Al pre-complexes 

adversely. It might be explained with the transform of Co 

source to amorphous Co3O4, which can be understand 

with the black colour in S-3 image (Figure 1). 

  
UV-Vis spectra of synthesized pigments can be 

seen in Figure 3. The adsorption peaks at the wavelengths 

of 550, 610 and 645 nm indicate the blue colour of 

synthesized compound. The observed band values are in 

good agreement with Gao et al. (2017) [9]. 
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Figure 2. XRD patterns of synthesized pigments 

  

 
Figure 3. UV-Vis spectra of synthesized pigments  

 

CONCLUSION 

The spinel type of cobalt aluminate (CoAl2O4) 

is prepared with an ultrasonic assisted co-precipitation 

method. he effects of temperature of ultrasonic treatment 

on the chromatic features of synthesized pigments is 

experimented and characterized. For this purpose, 

CoCl2·6H2O and AlCl3·6H2O were reacted in liquid 
medium with the assistance of ultrasonic treatment at 

temperatures of 25, 50 and 75°C. After the obtained pink 

solutions were calcined at 1200°C, the intense blue 

particles were observed. The samples were characterized 

with the techniques of X-ray diffraction (XRD), UV 

spectroscopy and colour analysis. Experimental results 

indicated that ultrasonic treatment increased the colour 

performance of synthesized blue pigments. According to 

the characterization, the optimum reaction temperature is 

determined as 50°C.   
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INTRODUCTION 

 

The spices obtained from traditional medicinal 

plants have been in use in kitchen and medical 

preparations for a long time. The active substances 

derived from medicinal plants are mainly used for their 

pharmacological and biological activities, including in 
vitro or in vivo studies. Black pepper, known as the King 

of Spices, is the most important and most consumed spice 

in the world and is an indispensable ingredient in food 

processing due to its exquisite flavor and health benefits. 

Piperine, the most abundant alkaloid of pepper, was 

isolated from the pepper extract as a yellow crystalline 

compound (1). Piperine obtained from black pepper 

prevented the growth of cell cancer by inhibiting cell 

cycle progression (2). Carvacrol is the main ingredient in 

essential oils of thyme species. Capsaicin is a compound 

found in hot peppers and triggers cell cycle arrest by 
modulating the epithelial growth factor receptor / HER2 

pathway and p27 expression in estrogen receptor positive 

and negative cells (3). Carvacrol (4), Capsaicin (5), 

Cucurbitacin E (6) and Cucurbitacin I (7) active 

substances had an inhibitory effect on breast cancer cells. 

Cucurbitacins exhibited potent anti-proliferative 

activities against breast cell lines; among them, 

cucurbitacin E showed the same cytotoxicity as 

colchicine, which may be recommended as potential 

applications on cancer treatment (8). The effects of the 

aforementioned active compounds for breast cancer from 

medicinal plants were investigated using docking (9). 
Comparison results were calculated to determine the 

most active substance for the inhibition of breast cancer. 

MATERIALS AND METHODS 

In this study, the inhibitory effect of Piperin, 

Carvacrol, Capsaicin Cucurbitacin E and I, one of the 

important active substances obtained from medicinal 

plants, on breast cancer was compared using docking (9). 

It was put forward what kind of interactions could occur. 

These theoretical studies are very important in terms of 

guiding the experimental studies and preventing the loss 

of time and substances. 

RESULTS AND DISCUSSION 

 

The attractiveness of natural compounds as 

medicines is partly due to their potential to affect many 

components in the carcinogenic pathway. This study 
focuses on key molecular targets that play a role in cancer 

progression and differentiation. The docking results of 

the traditionally used medicinally important active 

compounds on the inhibitory effect of breast cancer PI3K 

receptors (10) are given in Table 1. 

 

Docking results related to the inhibitory effect 

of important active compounds on conventionally used 

medicinal plants on breast cancer receptors are given in 

Table 1. 
 

Table 1. The inhibition effect of important active compounds 
in traditionally used medicinal plants on breast cancer 

Active compounds/ 

breast cancer  

E free 

binding 

energy 

score 

(kcal/mol) 

İnhibition 

constant 

(Ki) 

H-binding 

energy 

(kcal/mol) 

Elctrostatic 

energy 

(kcal/mol) 

Internal 

energy 

(kcal/mol) 

Carvacrol -5.20 155.15 uM -5.73 -0.07 -5.80 

Piperine -6.84 9.69     uM -7.67 -0.05 -7.72 

Capsaicin -4.68 372.89 uM -6.80 -0.15 -6.96 

Cucurbitacine E -6.18 29.75   uM -7.89 -0.16 -8.05 

Cucurbitacine I -6.56 15.52   uM -7.28 -1.39 -8.67 

 
The interaction of Piperin, an important active 

ingredient in black peper traditionally used medicinal 

plants, with the breast cancer receptor is given in Figure 

1. 
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Figure 1. The interaction of Piperin with the breast cancer receptor 
 
 

The interaction and interaction of Piperin with the 
breast cancer receptor is summarized in Table 2. 

  
 
 
 
 
 
Table 2. The interaction of Piperine with breast cancer receptor 
 

hydrophobic other 

ILE963 (-1.1165) ASP964 (-0.5836) 

TRP812 (-1.0686)  

ILE879 (-0.871)  

MET953 (-0.235)  

TYR867 (-0.1688)  

 
 
The interaction of  Cucurbitacine I with the liver cancer 
receptor is given in Figure 2. 
 

CONCLUSION 

According to the results of the theoretical chemical 

calculations, the inhibitory effect of Piperin on PI3K 

receptor of breast cancer is quite high and it is understood 

that this interaction is hydrophobic. In conclusion, the 

effect of Piper on breast cancer can be investigated by 
supporting experimental studies. 
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INTRODUCTION 

 

Medicinal plants have been used for the 

treatment of various diseases. Major modern drugs are 

produced directly or indirectly from medicinal plants. 

The components of the medicinal plant may interact with 

each other, and this interaction may be beneficial to or 

against both, or may counteract their deleterious effects. 
The plant-derived compounds can significantly improve 

difficult-to-treat diseases such as cancer. Many plant 

materials, in particular active compounds from their 

extraction, are tested for pharmaceutical purposes. One 

of them is Carvacrol (2-methyl-5- (1-methylethyl) -

phenol). It is a monoterpenic phenol which is isomeric 

with thymol found in many aromatic plants, including 

origanum species. Carvacrol has anticarcinogenic and 

antiproliferative properties, which have been shown to 

inhibit HepG2 cell growth by inducing apoptosis by 

caspase-3 activation, reducing PARP separation and 

reduced Bcl-2 gene expression . Carvacrol has been 
reported to have antiproliferative effect in liver cancer 

cells (1). Piperin (2), Capsaicin (3), Several cucurbitacin 

including Cucurbitacin E, I have been shown to have 

antiproliferative and anticancer activities (4). In this 

study, the inhibitory effects of the above-mentioned 

active compounds from medical plants in liver cancer 

were examined using docking (5). The comparison 

results were calculated to detect the most active 

substance for the inhibition of liver cancer. The global 

tendency of synthetic compounds is directed to herbal 

medicines, which we can call return to nature to prevent 
diseases. Many medicinal plants obtained from nature are 

used as a source of healing (6). 

 

 

 

 

 

MATERIALS AND METHODS 

In this study, the inhibitory effect of Piperin, 

Carvacrol, Capsaicin Cucurbitacin E and I, the important 

active substances obtained from medicinal plants, was 

compared using docking (5). It was put forward what 

kind of interactions could occur. These theoretical studies 

are very important in terms of guiding the experimental 

studies and preventing the loss of time and substances. 

RESULTS AND DISCUSSION 

 

The attractiveness of natural compounds as 

medicines is partly due to their potential to affect many 

components in the carcinogenic pathway. This study 

focuses on key molecular targets that play a role in cancer 

progression and differentiation. liver cancer receptors 

have been identified as PDB ID: 3S35 (7). 

 

The docking results related to the inhibitory 

effect of important active compounds on the liver 

receptors of conventionally used medicinal plants are 
given in Table 1. 

 
Table 1. The inhibition effect of important active compounds 

on traditionally used medicinal plants on liver cancer 

 
Active compounds/ 

Liver cancer) 

(3s35))  

E free 

binding 

energy score 

(kcal/mol) 

İnhibition 

constant 

(Ki) 

H-binding 

energy 

(kcal/mol) 

Elctrostatic 

energy 

(kcal/mol) 

Internal 

energy 

(kcal/mol) 

Carvacrol -3.70 1.94 mM -4.14 -0.15 -4.30 

Piperine -4.48 524.29 uM -5.32 -0.03 -5.35 

Capsaicin -3.84 1.54 mM -6.05 -0.13 -6.18 

Cucurbitacine E -5.00 215.94 uM -6.47 -0.33 -6.80 

Cucurbitacine I -5.53 87.67 uM -6.67 -0.04 -6.71 
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The interaction of Cucurbitacine I with its liver cancer 

receptor, an important active ingredient in traditionally 

used medicinal plants, is given in Figure 1. 

 

 
 
Figure 1. The interaction of Cucurbitacine I with liver cancer 

receptor 

The interaction of cucurbitacine I with liver cancer 
receptor and the regions it interacts with is summarized 

in Table 2. 

 
Table 2. The interaction of Cucurbitacine I with liver cancer 

receptor 
 

hydrogen bonds polar hydrophobic other 

TYR179 (-0.394) GLU152 (0.0611) LEU174 (-0.4717) SER41 (-17.180) 

THR114 (-0.174) SER91 (1.1746) VAL93 (1.631)  

 

The interaction of Cucurbitacine E with its liver cancer 

receptor is given in Figure 2. 

 

 
Figure 2. The interaction of Cucurbitacine E with liver cancer 

receptor 

 

 

The interaction of Piperine, an important active 

ingredient of the black cumin, with the liver cancer 

receptor is given in Figure 3. 

 

 

 
 
Figure 3. The interaction of Cucurbitacine I with liver cancer 

receptor 
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CONCLUSION 

According to the results of the theoretical 

chemical calculations, the inhibitory effect of 

Cucurbitacine E and I on liver cancer receptors seems to 

be quite high, especially for Cucurbitacine I, we can state 

that this value is higher and that the interaction occurs as 
hydrogen bond formation. In conclusion, Cucurbitacine 

E and I can be supported by experimental studies to 

investigate its effect on liver cancer. 
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INTRODUCTION 

The studies carried out to develop potent and 

effective antifungal compounds are significant not only 
for the control of the severe infections but also for the 

prevention and the treatment of the possible infections 

caused by the cancer, surgical processes and other 

treatments. On the other hand, fungal infections increase 

on the cases which surpass immune system such as 

tuberculosis, cancer, AIDS and transplantation and could 

be a reason for death. It is, therefore, crucial that 

compounds whose influential spectrum is extensive and 

side effects are lowered to the minimum be developed1-3. 

Among the pharmacophore groups responsible for the 

antifungal activity, pyridazinone ring is the important 
ones used during the synthesis of the more effective and 

extensive spectrum anti-microbials. Pyridazinone derives 

have been also defined as heterocyclic compounds that 

have significant biological effects such as anti-

inflammatory, antipyretic, antiviral, anti-tumoral, 

potential HIV-1 inhibitor, and antidepressant, so we have 

been synthesized some 3(2H)-pyridazinone derivative as 

antifungal compounds. chemical structure of compounds 

was confirmed by H1-NMR and mass spectral data4-8. 

Molecular modeling studies have been carried out to 

predict the mechanism of action of antifungal activity 

because of the moderate antifungal activity of the 
compounds. Molecular modeling studies have screened 

whether compounds inhibit the CYP51 enzyme of 

Candida albicans9. 
Candida albicans is the major pathogen identified in 

systemic candidiasis. C. krusei is multidrug resistant and less 
susceptible to fluconazole. Azole antifungals are 
known to inhibit fungal CYP51 through coordination with 
heme iron via their azole N in the catalytic domain, however 
several non-azole inhibitors have so far been introduced10-12. 
Herein we provide mechanist insights into in silico inhibition of 

fungal CYP51 by some 3(2H)-pyridazinone derivatives 
reported to have moderate antifungal activities and show the 
importance coordination with heme iron in the catalytic domain 
of fungal CYPs. 

 

MATERIALS AND METHODS 

A series of 6-substituted-3(2H)-pyridazinone 
derivatives (Figure 1) were designed, synthesized, and 

their antifungal effects on C. albicans and C. krusei were 

evaluated. We obtained our compounds by the reaction 

of various benzaldehydes, isocyanates and 

isothiocyanates with 6-substituted-3(2H)-pyridazinone-

2-yl propiohydrazide and determined their antifungal 

activities by using microdilution method. The structures 

of these pyridazinone derivatives were confirmed by  

their 1H-NMR spectra and elementary analysis. 

 

Figure 1. Structures of compounds (4a-d). 

 

RESULTS AND DISCUSSION 

The structures and antifungal activity results of 

3(2H)-pyridazinone derivatives were shown in Table 1. 

 

Table 1. MIC* values (µg/mL) of compounds against C. 

albicans and C. krusei. 

Compound C. albicans C. krusei 
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1 128 128 
2 128 512 
3 128 128 
4 64 128 

Ketoconazole 2 2 
Fluconazole 2 64 

* Minimum inhibitor concentration ( µg/mL) 

Drawing of synthesized compounds and 3D 
optimizations were done by Gaussian 09 package 

program. Optimization method was made as Semi-

empirical PM6 Charge: 0, Spin: singlet, solvation: none. 

The resulting optimization output files are saved as pdb 
extension files. The protein molecule was obtained from 

the protein data bank Structure of CYP51 from the 

pathogen Candida glabrata (PDB code: 5JLC). The 

macromolecule was reconstructed with the discovery of 

the ligand molecules and water molecule by the 

Discovery studio 2016 program. Again with the same 

program, the amino acids in the active region were 

determined. Enzyme and ligand molecules were prepared 

and a grid map was prepared by Autodock 4.2 program.   

The search grid of 5JLC was identified as 

center_x: -38.584, center_y: 75.808, and center_z: -23.4 

with dimension size_x: 70, size_y: 70, and size_z: 70. 

The docking parameters are set to default and the 

population size is set to 300 and docking is done. The 

enzyme ligand conformation of the conformation of the 
smallest binding energy from 10 different conformation 

was created for each molecule obtained. Then, this 

complex was studied with the Biovia Discovery Studio 

for determining of the 2D diagram of the interaction with 

amino acids in the ligand binding region (Figure 2). 

 

Figure 2. Binding modes of  4 in CGCYP51 catalytic 

domain. 

 

When all molecules are examined, they all 

interact with HEM601 and amino acids in the active site. 

When the docking results of the designed molecules are 

examined, it can be seen that the molecule 4 binds to the 

active region of the enzyme with higher affinity (Table 
2). 

Molecule 5 interacts with the HEM601 group in 

the active site of the enzyme as pi-pi shape. In addition, 
chlorine atoms in the designed molecule interacted with 

the amino acids responsible for the active site and 

showed higher affinity binding (Figure 2). By adding 

chlorine atoms to the structure, it can be concluded that 

more effective molecules could be designed. In addition, 

it is highly desirable for all molecules to exhibit activity 

at the nM level, in particular to give the molecule 4 a 

theoretical inhibition constant of 5.99 nM (Table 2). 

Table 2. Molecular docking binding scores and binding 
interactions of 4a-f and selegiline within the CGCYP51 

active site. 

Molecule Binding 

Energy 

(kcal/mol) 

Inhib. 

Constant 

(nM) 

1 -11.03 8.21 

2 -10.99 8.86 

3 -10.66 15.44 

4 -11.22 5.99 

 

Figure 3. Binding modes of  4 in CGCYP51 catalytic 

domain. 

CONCLUSION 

 Glide predicted a good fit for 1-4 in the 

lipophilic active gorge of CGCYP51 making various 

hydrophobic interactions, similarities to the co-

crystallized itraconazole. Glide scores of 1-4 were 

relatively high, higher than fluconazole, but still lower 
than itraconazole possibly due to lacking an azole group 

to coordinate with the iron of heme group. 3(2H)-

pyridazinone derivatives probably show their antifungal 

activities through fungal CYP51 inhibition. 
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INTRODUCTION 

 

Most of the environmental problems are caused 

by heavy metals. This problem increases the need to 

develop new methods for today's treatment plants to be 

more effective and clean. Polymeric membranes are a 

method that can meet this need. Polymeric membranes 

consist of a polymer solution obtained by dissolving a 

polymer in a suitable solvent and a carrier capable of 

selectively separating the desired metal or contaminants. 
Polymer inclusion membranes often provide an 

alternative to conventional solvent extraction in which 

excessive amounts of highly volatile and easily 

flammable solvents are used (Saf 2010, 23). To date, 

many interesting studies have been done on polymer 

inclusion membranes. Recently, the factors affecting the 

morphology of the membrane in these studies also come 

to the fore. Among these factors, the use of various 

modifiers, as well as the use of pore-forming substances, 

is noteworthy. Increasing the efficiency of a membrane 

with the desired porosity is the greatest desire of 
researchers worldwide (Roy et al.2017, 5708– 25). 

Polyethylene glycol (PEG), alcohols, glycerol, 

and polyvinylpyrrolidone (PVP) are used as inorganic 

and organic additives in membranes. These materials 

can be used as pore-forming agents. So, they improve 

membrane hydrophilicity along with pore 

interconnectivity. In this case, it contributes to the 

development of the membrane. In addition to these 
properties of additives, interactions between polymer 

and additives may affect the structure and properties of 

membranes. Pore formation can be obtained by adding 

polyethylene glycol in polymeric membranes. PEG is a 
linear polyether compound available in a variety of 

molecular weights. PEG is water-soluble. Polymer 

molecules are soluble by PEG. So, the solvency of the 

solvent can reduce by adding PEG. Therefore, the 

polymer chains tend to be in a more tense structure. As 

a result, the polymer chains would tend to be in a less 

expanded structure. Hydroxyl groups of polyethylene 

glycol can generate hydrogen bonding with the polymer 

in the membrane. That is, the role of PEG is connection 

polymer molecules with hydrogen bonding. So, the PEG 

may be called as cross-linkers. As a result, the apparent 

molecular size of the polymer grows, as seen from the 

SEM images. The type of polymer plays a vital role in 

the interaction with PEG. The effect of PEG on polymer 

was studied by Yingnan Feng et al. The presence of PEG 

increases the viscosity of polymer solutions. They found 

that polymer solutions became slightly more elastic with 
the addition of PEG (Yingnan Feng et al., 2017, 27-35). 

Polyethylene glycol (PEG) was employed as an 

additive into polyvinyl chloride and cellulose triacetate 

in this work, and we investigated its effects on 

membrane formation and adsorption of the membrane. 

Our study aimed to demonstrate the effect of 

adding polyethylene glycol on the membrane. It seemed 

that the SEM surface and cross-section images of the 

membrane varies with adding PEG. 

Both before of adsorption and after of 

adsorption were investigated to illustrate the interactions 
between polymer and PEG and the effect of PEG on the 

resultant membranes, including morphology and pore 

structure. This study may contribute implications 

development of membranes that using PEG. 

Experimental 

All chemicals used are of analytical purity. 

Cellulose triacetate (CTA), Polyvinyl chloride (PVC), 

2-nitrophenyl pentyl ether (2-NPPE), polyethylene 

glycol 600 (PEG 600) were obtained from Fluka, 

CoCl2.6H2O, NiCl2.6H2O, 3CdSO4.8H2O, 

CuSO4.5H2O, and dichloromethane were purchased, 

Merck. All stock solutions were obtained by dissolving 
cobalt, copper, cadmium, and nickel salts in distilled 

water. Determination of surface characterization of 

membranes; FTIR Spectrophotometer with ATR 

technique (Perkim Elmer Spectrum Two Ir) and contact 

angle (Dataphysics) and Scanning Electron Microscope 

(SEM) was used. Membranes were placed in a solution 

containing cobalt, copper, cadmium, and nickel metals. 
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Preparation of Polymer Inclusion 

Membrane 
Membrane was prepared by the pouring 

method. At room temperature, CTA or PVC (480 mg) 

was dissolved in 70 mL of dichloromethane or 

tetrahydrofuran. In the next step, 0.2 mL of 2-NPPE is 

added. PEG 600, and dichloromethane or 

tetrahydrofuran are added the solution was mixed, 

which was followed by 5 h of mixing to obtain a 

homogeneous solution. A glass square container (24 cm 

× 24 cm) was used and maintained at room temperature 

overnight to evaporate the solvent of the solution slowly. 

The solvent is evaporated off and washed with cold 
distilled water. The membrane is then removed from the 

container. 

RESULTS AND DISCUSSION 

 

        It was possible to adsorb one or more components 

(metal ions, organic substances, etc.) by preparing 
different membrane compositions (different polymers, 

additives, etc.). Adsorption of cobalt, copper, cadmium, 

and nickel with polymer inclusion membranes from 

aqueous solutions was investigated. Both before of 

adsorption and after of adsorption were investigated to 

illustrate the interactions between polymer and PEG and 

the effect of PEG on the resultant membranes, including 

morphology and pore structure.  

Determination of surface characterization of 

membranes; FTIR Spectrophotometer with ATR 

technique (Perkim Elmer Spectrum Two Ir) and contact 

angle (Dataphysics) and Scanning Electron Microscope 

(SEM) was used. The interactions between polymer and 

PEG and the effect of PEG on the resultant membranes, 

including morphology and pore structure, are shown in 

Table 1. Cross-section SEM images of membrane are 

shown in Table 2. The membrane changes from a void 
structure to a finger-like void structure with PEG adding 

in including polyvinyl chloride polymeric membrane 

(Table 1). This is not the case with cellulose triacetate in 

the membrane, such as polyvinylchloride. This is 

thought to be due to the difference in the molecular 

structure of the polymers. Cellulose triacetate has a more 

branched structure than polyvinyl chloride. 

Distinguishing characteristics of cellulose triacetate is 

that at least 92 percent of the hydroxyl groups are 

acetylated. When the surface of the membrane obtained 

after 7 hours is examined with SEM, the metals retained 

on the surface are shown in Table 3. Before and after 
adsorption, the image of the membrane surface is shown 

in Table 3. It is also understood that metals are retained 

on the membrane. 

Table1. SEM images of membrane (Surface) 

Consist of 
membrane 

 

SEM images of membrane 

 
 
PVC 
Tetrahydrofuran 
2-NPPE 

 
 
PVC 

PEG 600  
Tetrahydrofuran 
2-NPPE 

 
 
 

CTA 
Dichloromethane 
2-NPPE 

 
 
CTA 
Dichloromethane 
PEG 600 
2-NPPE 

 
 

Table 2. Cross-section SEM images of membrane 

Consist of membrane Cross-section SEM images of 
membrane 

 
PVC 
Tetrahydrofuran 
2-NPPE 

 

 

 

 
PVC 

Tetrahydrofuran 
PEG 600   
2-NPPE 

 

 

 

 

 
CTA 
Dichloromethane 
2-NPPE 

 

 

 

 
CTA 
Dichloromethane 
PEG 600 
2-NPPE 
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Table 3. The content of membranes and SEM image of 
membrane before and after experimental 

Consist  
of membrane 

SEM image of membrane 

Before 
experimental 

After 
experimental 

CTA 
Dichloromethane 
PEG 600 
2-NPPE 

 

 

 

PVC 
Tetrahydrofuran 
PEG 600 
2-NPPE 

  

 

 

Membrane images after the experiment show 

the metals attached to the membrane surface. This is also 

supported by SEM-EDS analysis. (Figure 1-2). (Arous 

et al. 2010) stated in studies that the morphologies of the 

CTA membrane (view of surface) show that these 

membranes constituted by polymeric cellulose triacetate 

present a porous structure. Also, (Arous et al. 2010) 
found that the (CTA + plasticizer + carrier) membrane 

presents a dense structure where the pores of membrane 

have been filled by the carrier and plasticizer molecules 

yielding to the thick and less porous membrane.  

In our study, the use of plasticization in the 
preparation of our membranes in the CTA membrane is 

shown in Table 2, where the pores are filled by 

plasticizing molecules. It explains why the pores in 

polyvinyl chloride are higher than cellulose tri-acetate 

because the polymer has strong C-Cl bonds, makes PVC 

suitable for mixtures, and is more prone to hydrogen 

bonding. 

 

 

 

Figure 1. CTA, Dichloromethane, PEG 600, 2-NPPE 

 

 

 

Figure 2. PVC, Tetrahydrofuran, PEG 600, 2-NPPE 

The band observed in the spectra at 3350 cm-1 

belongs to the O-H tensile vibration with hydrogen 
bonding. Furthermore, the bands at 1380 cm-1 and 1480 

cm-1 in the spectrum, the band C-H bending at 2900 cm-

1, and the bands at 1180 cm-1 and 1120 cm-1 are the C-O 

stretching and O-H bending bands (Figure 3-4). 

 

 

Figure 3. CTA, Dichloromethane, PEG 600, 2-NPPE 
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Figure 4. PVC, Tetrahydrofuran, PEG 600, 2-NPPE 

 

Hydrophilic and hydrophobic characteristics of 

a polymer membrane was determined by measuring the 

contact angle. To measure the time dependence of the 

contact angle values 5μL of droplet volume was used. 

The contact angle was measured immediately after the 

dropping and at intervals of 10 seconds. The contact 
angle of CTA-dichloromethane-PEG 600-2-NPPE was 

measured as 57.2. The contact angle of PVC –PEG 600- 

tetrahydrofuran-2-NPPE was measured as 62,4.  

 

 

Figure 5. CTA, Dichloromethane, PEG 600, 2-NPPE 

 

 
Figure 6. PVC, PEG 600,Tetrahydrofuran, 2-NPPE 
 

CONCLUSION 

Pore formation could be obtained by adding 

polyethylene glycol in polymeric membranes in our 

study, and the pores are filled by metal ions. 
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