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บทคัดยอ 

 โดปามีนและซีโรโตนินรีเซพเตอรเปนโปรตีนท่ีสําคัญในการพัฒนายาท่ีใชในการ

รักษาโรคจิตเภท ในการศึกษานี้ไดทําการสังเคราะหพอลิเมอรท่ีมีรอยพิมพประทับและนําไปใชเสมือน

โดปามีนและซีโรโตนินรีเซพเตอร ซ่ึงเปนเปาหมายของยาโรคจิตเภท โดยหมูฟงกชั่นและรูปรางในรอย

พิมพประทับดวยโดปามีน หรือโดปามีนและซีโรโตนิน ในเบานาโนพอลิเมอรชวยใหปฏิกิริยาระหวาง

สารประกอบคลอโรบิวทีโรฟโนนกับสารประกอบเอมีนเกิดข้ึนท่ีแอคทีฟไซทของรอยพิมพและ 

ความสามารถในการจับของสารสังเคราะหท่ีไดถูกนําไปทดสอบกับโดปามีน (ดี1) รีเซพเตอร ให

คาคงท่ีการแตกตัวท่ี 141-558 นาโนโมลาร มากกวานั้นสารอนุพันธของคลอซาปนท่ีสังเคราะหจาก

สารประกอบแอซิดคลอไรดท่ีมีหมูแทนท่ีเมทอกซ่ีอยูตรงตําแหนงท่ี 2 และ 3 ของเบนซีนก็สามารถ

สังเคราะหไดจากเบานาโนนี้แตไมพบในปฏิกิริยาควบคุม จากการใชคอมพิวเตอรจําลองการจับกันของ

ลิแกนดกับโดปามีน (ดี3) และซีโรโตนิน (2บี) รีเซพเตอร สารผลิตภัณฑจากเบานาโนพอลิเมอรแสดง

การจับและคาพลังงานอิสระใกลเคียงกับคาท่ีไดจากยาโรคจิตเภทท่ีรูจักกันดี ดังนั้นเบานาโนพอลิเมอร

ท่ีมีรอยพิมพประทับสามารถนําไปสังเคราะหสารท่ีมีหมูฟงกชั่นและฤทธิ์ทางชีวภาพสอดคลองกับสาร

ท่ีเปนแมพิมพ นอกจากนี้พอลิเมอรท่ีพิมพประทับดวยโดปามีน หรือโดปามีนและซีโรโตนินยังถูก

นําไปใชเพ่ือศึกษาการเปลี่ยนแปลงพลังงานการเปลี่ยนแปลงฟลูออเรสเซนตของยาเม่ืออยูในเบาพอลิ-

เมอรในสภาวะท่ีแตกตางของอุณหภูมิ ปริมาณสังกะสี (2+) ท้ังท่ีมีหรือไมมีโปรตีนจากสมองหนูสวน 

ไฮโปทาลามัส ซ่ึงการจับของคลอซาปนบนตําแหนงของการจับยาของรีเซพเตอรธรรมชาติมีบทบาท

สําคัญตอกลไกการออกฤทธิ์ของยาซ่ึงอาจจะทําใหเกิดความเขาใจรีเซพเตอรท่ีแสดงผลการเกิด
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ความจําเพาะตอโมเลกุลในการทําหนาท่ีในสมองและสามารถบอกความแตกตางของยาไดอยางชัดเจน 

นอกจากนี้ไดทําการสังเคราะหพอลิเมอรท่ีพิมพประทับดวยโดปามีน (ดี1) รีเซพเตอร ท่ีแยกจากสมอง

หนู เพ่ือเคลือบบนอิเล็กโทรดของควอตซคริสตัลไมโครบาลานซเซ็นเซอร จากการวัดโดยเซ็นเซอรท่ีมี

การเลียนแบบรูปรางสามมิติของรีเซพเตอรนี้ สงผลในการตอบสนองตอสัญญาณความถ่ีของโดปามีน 

(ดี1) รีเซพเตอรท่ีความแตกตางของความเขมขันของ โดปามีน (ดี1) รีเซพเตอร ในชวง 5.9 ถึง 47.2 

ไมโครโมลาร สําหรับการตรวจวัดโดยเซนเซอรนี้ โดปามีน (ดี1) รีเซพเตอรท่ีจับอยูกับพอลิเมอร ถูก

นําไปใชเพ่ือทดสอบการจับกันของสารลิแกนดตอโดปามีน (ดี1) รีเซพเตอร ไดแก โดปามีนไฮโดรคลอ-

ไรด ฮาโรเปอริดอล และ เอสซีเฮช 23390 สามารถนําไปคํานวณคาความเขมขนต่ําสุดท่ีสามารถจับ

กับรีเซพเตอรไดก่ึงหนึ่งของแตละสาร ไดคาสัมพรรคภาพ 517 ไมโครโมลาร 1.90 ไมโครโมลาร และ 

0.283 นาโนโมลาร ตามลําดับ ยังสามารถนําไปพิจารณาความสามารถในการจับของสารเหลานี้กับ

โปรตีนบนพอลิเมอรสามารถสรุปไดวา ขอดีของการใชพอลิเมอรท่ีมีรอยพิมพประทับท่ีเตรียมสําหรับ

แอคทีฟไซทของโดปามีนและซีโรโตนินรีเซพเตอรและการใชเทคนิคการยึดโครงสรางสามมิติของรี-

เซพเตอรบนผิวสัมผัสดูดซับใหคุณสมบัติการเลือก ความจําเพาะสูง และการนํามาใชใหม 
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Abstract 
 

 Dopamine and serotonin receptors are two of the important proteins 

involved in the development of antipsychotic agents. In this study, artificial 

molecularly imprinted polymers (MIPs) were prepared and applied as 

dopamine/serotonin receptor that could be targeted as antipsychotic drug receptors 

based on the use of either a single dopamine (D-MIP) or a dual dopamine/serotonin-

molecularly imprinted polymer (DS-MIP). In the MIP cavity, the coupling reaction of 

the molecules for a nucleophilic reaction between chlorobutyrophenone and amine 

compounds occurred. The binding affinity of the synthesized compounds, Kd, were 

determined using a competitive binding assay with a dopamine (D1) receptor (D1R) 

that gave a value of 141-558 nM. In addition, the clozapine derivatives archived from 

the meta- and otho-monomethoxy substituted acid chloride and hydrazine could be 

synthesized only within these MIP nanovessels.  This was not observed in the control 

polymer. For the molecular docking, the binding affinity of the four 

chlorobutyrophenone derivatives and two hydrazinoclozapine for the dopamine (D3) 

and serotonin (5HT1B)  receptors were closely related to the –log Kd and the Gibb free 

energy of the binding protein for these known compounds. Highly crosslinked chains 
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were produced that induced the chemical reaction inside the binding site of the 

imprint cavity, containing the biologically relevant functionalities and affinity 

according to the original template. Furthermore, the imprinted cavity of both the MIPs 

could be used for measuring the kinetic energy of a fluorescent quencher within the 

imprint cavity when clozapine which is a dopamine antagonist fitted into the surface 

pores of the MIPs on the surface. At a different temperatures and in the presence of 

Zn(II), clozapine on the surface of MIPs exhibited different fluorescent behavior with 

or without the hypothalamus receptor. The binding of clozapine to the binding site of 

the artificial receptor played a major role to analyse the diverse mechanisms of action 

of the drug and make it possible to have a better understanding of receptor by the 

manipulation of specific molecular interactions in the MIP and for the function of the 

neural system. In addition, the MIP for recognition of the D1R were produced on a 

quartz crystal microbalance (QCM) electrode using the D1R as a template on the 

poly(acrylic acid-N-vinylpyrrolidone-dihydroxyethylene-bisacrylamide) layer. 

Measurements from the QCM sensor, resulted in the immobilization of a three 

dimensional D1R frequency response of D1R upon exposure to the D1R-MIP in the 

concentration range of 5.9 to 47.2 µM. For the receptor ligand binding assay, the EC50 

for dopamine HCl, haloperidol, and (+)-SCH23390 at 517 µM, 1.90 µM and 0.283 

nM, respectively, were formed and this helper to identify the binding affinity for these 

compound on the surface immobilized proteins as the result of the surface chemistry 

of the chemical functionality of the MIP layer. In summary, MIPs were successfully 

prepared for both the active site of the dopamine and serotonin receptors and the 

surface immobilized D1R polymer that was highly useful for screening for the 

selectivity, specificity and reusability of the binding ligand. 



ix 
 

ACKNOWLEDGEMENT 
 

 The work and thesis of Ph.D. were successfully prepared by the result 

of cooperation with many people. First of all, I would like to express my sincere 

thanks to my advisor, Assoc. Prof. Dr. Roongnapa Srichana, Faculty of 

Pharmaceutical Sciences, Prince of Songkla University, who supports me everything 

such as research methodologies, inspiration and positive thinking in my Ph.D. study 

period. This thesis would not have been completed without her teaching and advice. 

Second, I am deeply indebted to Prof. Dr. Peter Lieberzeit for academic knowledge, 

suggestion, writing manuscript on sensor and all his help when I worked at 

Department of Analytical Chemistry, Faculty of Chemistry, University of Vienna. 

Next, I would like to gratefully thank to Prof. Dr. Chen Yu Zhong and Chen 

Shangying, Department of Pharmacy, National University of Singapore who helped in 

computer modeling. I extend my thank to Assoc. Prof. Dr. Wantana Reanmongkol, 

Assoc. Prof. Dr. Anuchit Plubrukarn, Faculty of Pharmaceutical Sciences, and Dr. 

Neeranuch phusunti, Faculty of Science for suggestions about my thesis and Dr. Brian 

Hodgson for assistance with English. Also go to all staff from Prince of Songkla 

University for always supporting me. 

 I would like to thank (1) Molecular Recognition Materials Research 

Unit; (2) Department of Pharmaceutical Chemistry; (3) Drug Delivery System 

Excellence Center, and NANOTEC Center of Excellence, Faculty of Pharmaceutical 

Sciences, Prince of Songkla University; (4) Bioinformatics and Drug Design Group, 

Department of Pharmacy, National University of Singapore and (5) Department of 



x 
 

Analytical Chemistry, Faculty of Chemistry, University of Vienna, for supporting 

facilities.  

 In addition, I recognize that research would not be possible without the 

financial assistance. For granting financial support, I would like to acknowledge (1) 

the Strategic Scholarships Fellowships Frontier Research Networks (Specific for the 

Southern region, Office of the Higher Education Commission; (2) the Graduate 

School. Prince of Songkla University; (3) the ASEAN European Academic University 

Network (ASEA-UNINET) and (4) Faculty of Pharmaceutical Science, Prince of 

Songkla University. The grant of thesis included of thesis fund, salary and conference 

scholarship throughout a very long period of study. 

 The author alone assumes responsibility for discussion and conclusions 

of this thesis and any errors of it may contain. 

 Lastly, the most special thanks go to all readers. 

 

 

 

        Wanpen Naklua 

 



xi 
 

CONTENTS 

 

Approval page  ii 

Certificate of original work iii 

Certificate of thesis for submit Ph.D. degree iv 

บทคัดยอ  v 

Abstract  vii 

Acknowledgement ix 

Contents  xi 

List of tables  xiii 

List of figures  xiv 

List of abbreviations and symbols xvi 

List of papers and proceeding                                                                                   xviii 

Reprints were made with permission from the publishers xix 

CHAPTER 1 General introduction & review literatures 1 

CHAPTER 2 Objectives 19 

CHAPTER 3 Significant results and discussion 22 

CHAPTER 4 Conclusion 41 

References  43 

Appendices  56 

Reprints of papers, manuscript and proceeding 57 

    Paper 1  58 

    Paper 2  79 

    Manuscript 3 96 



xii 
 

CONTENTS (continued) 

 

    Proceeding 4 126 

Vitae  131 



xiii 
 

LIST OF TABLES 
 

Table 1  Characteristics of synthesized polymers. 23 

Table 2  The precursor amines and resulting components of the 

mold reaction. 27 

Table 3  Summary of synthesis of clozapine derivatives from the 

reaction between hydrazinoclozapine and various acid 

chlorides in the MIP nanovessel 30 

Table 4  Predicted binding affinity of dopamine and serotonin 

receptor to various ligands by Surflex-DOCK and SVM. 33 

Table 5  Biological activity of chlorobutyrophenone derivatives for 

D1R (R2 > 0.990).  35 

Table 6  Bmax, Kd and EC50 values for each compound were 

calculated by Sigma plot. 40 

 

 



xiv 
 

LIST OF FIGURES 
 

Figure 1  Illustration of generation of molecularly imprinted polymer 

formation of complexation between monomers and template 

(1), polymerization of functional monomers with cross-linkers 

around the template (2), and template removal, formation of 

the complementary binding sites (3).  4 

Figure 2  The principle of direct molding, two fragments bind at MIP 

cavities and it accelerates the covalent bond formation between 

the two fragments with the highest affinity.  6 

Figure 3  The structure of atypical antipsychotic drugs.  8 

Figure 4  Schematic view of a piezoelectric QCM crystal.  15 

Figure 5 Epitope approach to synthesize MIP film for the detection of 

human immunodeficiency virus type 1 related protein 

glycoprotein 41.  15 

Figure 6  Modeling of biological receptors, D3 receptor (PDB ID: 3PBL) 

and 5HT1b (PDB ID: 4IAR) receptor for (A) butyrophenone 

derivatives, 1a-5a, and (B) clozapine derivatives, 7b and 8b.  31 

Figure 7  Fluorescence emission spectra of the clozapine in the presence 

of methacryloyl chloride and AIBN for D-MIP, DS-MIP and 

control polymer at excitation wavelength 341 nm.  36 

 

 

 



xv 
 

LIST OF FIGURES (continued) 

 
Figure 8  The effect of temperature on fluorescent spectra (λex = 340 nm) 

of clozapine in the solution for MIPs and NIP in the presence 

of methacryloyl chloride; (A) without Zn(II), (B) with Zn(II), 

(C) the addition of protein (200 µg) without Zn(II), and (D) 

with Zn(II).  37 

Figure 9  Sensor signals for MIP and NIP containing different amounts 

of D1R in PBS buffer.  39 



xvi 
 

LIST OF ABBREVIATIONS AND SYMBOLS 
 

AA  acrylic acid  

ACM   acrylamide 

AFM   atomic force microscopy 

AIBN   2,2′-azobis-(isobutyronitrile) 

BET   Brunauer- Emmett-Teller 

BJH   Barrett-Joyner-Halenda 

BSA   bovine serum albumin 

D1R  dopamine (D1) receptor 

D-MIP   dopamine imprinted polymer 

DHEBA   N,N′-(1,2-dihydroxy-ethylene)-bis-acrylamide  

DS-MIP   dual dopamine/serotonin imprinted polymer 

ICP-OES   inductively coupled plasma-atomic emission spectroscopy 

kb   Boltzmann constant, 1.380×10−23 J/K  

Kd   dissociation constant 

Ki   binding affinity 

MAA   methacrylic acid 

MBAA  N,N′-methylene bisacrylamide 

MIP  molecularly imprinted polymer 

NIP  non-imprinted polymer 

NVP  N-vinylpyrrolidone  

PBS   Phosphate-buffered saline 

PDB   protein data blank 



xvii 
 

 

LIST OF ABBREVIATIONS AND SYMBOLS (continued) 
 

QCM   Quartz Crystal Microbalance 

SEM  scanning electron microscopy 

SVM   Support Vector Machine 



xviii 
 

LIST OF PAPERS AND PROCEEDING 
 

 This thesis is based on the following papers, referred to their order of 

experimental design in the text. The publications are attached as appendices at the end 

of the thesis. Reprinted are published with kind permission of respective journals.  

 

Paper 1 Naklua, W., Mahesh, K., Aundorn, P., Tanmanee, N., Aenukulpong, 

K., Sutto, S., Chen, Y. Z., Chen, S. and Suedee, R., 2015. An 

imprinted dopamine receptor for discovery of highly potent and 

selective D3 analogues with neuroprotective effects. Process 

Biochemistry 50: 1537-1556. 

 Impact Factor (2015): 2.516 /5-Year Impact Factor: 2.909 

Paper 2 Naklua, W., Mahesh, K., Chen, Y. Z., Chen, S. and Suedee, R., 2016. 

Molecularly imprinted polymer microprobes for manipulating 

neurological function by regulating temperature-dependent molecular 

interactions. Process Biochemistry 51: 142-157. 

 Impact Factor (2015): 2.516 /5-Year Impact Factor: 2.909 

Proceeding 1 Naklua, W. and Suedee, R., 2012. Synthesis of the dopamine analogs 

in molecularly imprinted polymer nanovessel. The 2nd Current Drug 

Development International Conference (CDD2012), 2nd - 4th May 

2012, Phuket, Thailand. 



xix 
 

REPRINTS WERE MADE WITH PERMISSION FROM THE 

PUBLISHERS 
 

Author: Naklua, W., Mahesh, K., Aundorn, P., Tanmanee, N., Aenukulpong, 

K., Sutto, S., Chen, Y. Z., Chen, S. and Suedee, R. 

Title: An imprinted dopamine receptor for discovery of highly potent and 

selective D3 analogues with neuroprotective effects. 

Journal: Process Biochemistry  

Publisher: Elsevier B.V. 

 
Your Submission  
From: Kazuyuki Shimizu (shimi@bio.kyutech.ac.jp) 
20/6/2558 
To: roongnapa.s@psu.ac.th  
CC: shimi@bio.kyutech.ac.jp, shimi@ttck.keio.ac.jp, ting_344@hotmail.com, 
maheshsk@hotmail.com, Phern.a@psu.ac.th, niwan.t@psu.ac.th, 
Kannuttha@hotmail.com, salinla007@hotmail.com, phacyz@nus.edu.sg, 
chen.shangying@nus.edu.sg 
 
Ms. Ref. No.: PRBI-D-15-00481R1 
Title: An imprinted dopamine receptor for discovery of highly potent and selective D3 
analogues with neuroprotective effects 
Process Biochemistry 
 
Dear Dr Suedee Roongnapa, 
We are pleased to confirm that your paper "An imprinted dopamine receptor for 
discovery of highly potent and selective D3 analogues with neuroprotective effects" 
has been accepted for publication in Process Biochemistry. 
 
It may be further copy-edited for style and format; in the event that any significant 
matters arise, we will be back in touch with you. 
 
Comments from the last Reviewer can be found below. 
 
When your paper is published on ScienceDirect, you want to make sure it gets the 



xx 
 

attention it deserves. To help you get your message across, Elsevier has developed a 
new, free service called AudioSlides: brief, webcast-style presentations that are shown 
(publicly available) next to your published article. This format gives you the 
opportunity to explain your research in your own words and attract interest. You will 
receive an invitation email to create an AudioSlides presentation shortly. For more 
information and examples, please visit http://www.elsevier.com/audioslides. 
 
Your accepted manuscript will now be transferred to our production department and 
work will begin on creation of the proof. If we need any additional information to 
create the proof, we will let you know. If not, you will be contacted again in the next 
few days with a request to approve the proof and to complete a number of online 
forms that are required for publication. 
 
Thank you for submitting your work to this journal. 
 
With kind regards, 
Kazuyuki Shimizu 
Associate Editor 
 
Joseph M. Boudrant 
Editor 
Process Biochemistry 
Comments from the Reviewer: 
Reviewer #1: The authors have satisfactorily addressed the reviewer's comments. 

 

http://www.elsevier.com/audioslides


xxi 
 

Author: Naklua, W., Mahesh, K., Chen, Y. Z., Chen, S. and Suedee, R. 

Title: Molecularly imprinted polymer microprobes for manipulating 

neurological function by regulating temperature-dependent molecular 

interactions.  

Journal: Process Biochemistry  

Publisher: Elsevier B.V. 

 
Your Submission 
From: Process Biochemistry 
2/11/2558 
To: roongnapa.s@psu.ac.th  
CC: ting_344@hotmail.com, maheshskrishna@gmail.com, phacyz@nus.edu.sg, 
chen.shangying@nus.edu.sg 
 
Ms. Ref. No.: PRBI-D-15-00891R1 
Title: Molecularly imprinted polymer microprobes for manipulating neurological 
function by regulating temperature-dependent molecular interactions 
Process Biochemistry 
 
Dear Dr Suedee Roongnapa, 
 
A final disposition of "Accept" has been registered for the above-mentioned 
manuscript.  
 
Kind regards, 
Process Biochemistry 
 
Comments from the Editors and Reviewers: 
Reviewer #1 : The manuscript has been revised accordingly in light of the comments. 
The authors have fully addressed the concerns of the reviewers and the main revisions 
have been given. Additionally, the total manuscript has been carefully checked, 
adjusted and polished for improvement. Overall, this manuscript is finely organized 
and well written, I think it can be accepted now. 
 
Reviewer #2: Thanks for the careful addressing of all remarks made! The quality of 
the paper is significantly improved. The manuscript reports on molecularly imprinted 
polymer microprobes for manipulating neurological function by regulating 
temperature-dependent molecular interactions in my opinion the paper is suitable for 
publication. 
 
 



xxii 
 

Author: Naklua, W., Suedee, R, and Lieberzeit P. A. 

Title: Dopaminergic receptor-ligand binding assays based on molecularly 

imprinted polymers on quartz crystal microbalance sensors. 

Journal: Biosensors and Bioelectronics 

Publisher: Elsevier B.V. 

 
Your recent submission to BIOS  
From: Biosensors and Bioelectronics (Biosensors@elsevier.com)   
 18/10/2558  
To: ting_344@hotmail.com 
Dear Dr. Wanpen Naklua, 
You have been listed as a Co-Author of the following submission: 
Journal: Biosensors and Bioelectronics 
Corresponding Author: Peter Lieberzeit 
Co-Authors: Wanpen Naklua; Roongnapa Suedee, PhD;  
Title: Dopaminergic Receptor-Ligand Binding Assays based on Molecularly 

Imprinted Polymers on Quartz Crystal Microbalance Sensors 
 
If you did not co-author this submission, please contact the Corresponding Author of 

this submission at Peter.Lieberzeit@univie.ac.at; do not follow the link below. 
An Open Researcher and Contributor ID (ORCID) is a unique digital identifier to 

which you can link your published articles and other professional activities, 
providing a single record of all your research. 

We would like to invite you to link your ORCID ID to this submission. If the 
submission is accepted, your ORCID ID will be linked to the final published article 
and transferred to CrossRef. Your ORCID account will also be updated. 

To do this, visit our dedicated page in EES. There you can link to an existing ORCID 
ID or register for one and link the submission to it: 

http://ees.elsevier.com/bios/l.asp?i=171347&l=KGMIWPPR 
More information on ORCID can be found on the ORCID website, 

http://www.ORCID.org, or on our help page: 
http://help.elsevier.com/app/answers/detail/a_id/2210/p/7923 

Like other Publishers, Elsevier supports ORCID - an open, non-profit, community 
based effort - and has adapted its submission system to enable authors and co-
authors to connect their submissions to their unique ORCID IDs. 



1 
 

CHAPTER 1 

GENERAL INTRODUCTION & REVIEW LITERATURES 

 

 The molecularly imprinted polymers (MIPs) are generated the 

selectivity for structurally organized cavities that contain different functionalities on 

the structured surface and functionality capable of incorporating complementary 

counterparts of the molecular template assembled into the polymerized cross-linker. 

The template can be either small molecule (Cela-Pérez et al., 2011) or 

macromolecules such as proteins (Bonini et al., 2007; Yola et al., 2014). This is 

related to knowledge of the chemistry of the target molecule together with the 

functional groups present and the types of molecular interactions are possible. 

Imprinting technology has advantages due to process yields a mimic of an original 

molecule. The selectivity of MIPs is related to the same size, shape and functional 

groups of the print molecule as the original compound complementary functionality 

between the template and polymer derived both from the matching shape and from 

having the same arrangement of charges at defined positions. The molecular 

recognition of the mimics of biological molecules such as the enzyme catalytic site, 

antibodies, receptors and functionalized protein (Vasapollo et al., 2011) that mimics 

the recognition of biological process. A MIP has been recently reported to serve as a 

small probe for evaluation on biomimetic materials to evaluate the properties of other 

structures in functional selectivity of target (Tung et al., 2016). Therefore, the cavity 

of MIPs plays a crucial key of determination of physicochemical properties of the 

compounds and context of use (Workman and Collins, 2010). The procedure of MIPs 

can be controlled and reproduced by using the same procedures and reuse for several 
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times without any change of their respective physical structure and selective 

recognition. And the imprinted cavities of MIP can be considered to give for 

relatively selectivity to the template or the structure of target compound or even 

highly specificity. The characterization and testing of recognition material for 

physical structure and fluorescence imaging that present the pros for these synthetic 

probes.  

 The types of monomers chosen for the generation of biomimetic 

receptor are related to their ability to interact with the template molecule in a suitable 

porogen solvent. Three different imprinting approaches have been commonly used for 

the preparation of these recognition materials. The first approach relies on the non-

covalent interaction between the target molecule and the interactive functional 

monomer and the assembly, which is given to the formation of multiple weak 

electrostatic, hydrophobic, and hydrogen-bonding interactions between the print 

molecule and the functional monomer prior to polymerization. This approach is the 

most widely used because it is easier preparation due to template and functional 

monomer assembly and template removing step (Ramström et al., 1994). However, 

the solubility of template requires during pre-polymer generation which the excess 

amount of a polar solvent has been found to interfere the complexation of template. 

The second is covalent imprinting approach, the templates and functional monomers 

formed covalent bonds in the polymer matrix (Wulff, 1995) which the breakdown 

between the template and functional group of polymer required for the rebinding of 

template during the selectivity testing that is usually difficult. The last one is the semi-

covalent procedure, covalent bonds are formed between the template and monomers 

in pre-polymerization step then the template has been removed from the MIPs. 
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However, the rebinding of the analyte to the MIPs was generated with non-covalent 

interactions. The selected functional monomer(s) mixed with the polymerized 

mixtures were proceeded for the polymerization which a cross-linker and initiator are 

admixed for inducing of a cure polymer. The use of different polymerization 

techniques like bulk, suspension, precipitation, emulsion polymerization are well-

known for established procedure in the formation of as elective recognition material.  

The bulk polymerization is commonly used method for the production of the polymer 

matrix, required for grinding and sieving method and template removal that is easy 

and rapid and is advantageous of the synthesized material. However the imprinted site 

within the polymer matrix was considered to be destroyed during the synthesized 

procedure and the leaching out of template is often found. Nevertheless, there is the 

possibility of whole template molecule ensemble within the surrounding of the 

crosslinked chain, and this method produced high yield of polymer matrix. Stamping 

method can be used to form different configuration of the polymer on the surface with 

the imprint formed on the surface of the substrate after template removal. The 

polymerization process takes place, then the print molecule obtained the template 

molecules fixed within the surrounded polymer. After the template was separated 

from polymer matrix, with the remaining cavities in the cross-linked matrix. The self-

assembly processes of producing a MIP is shown in Figure 1. 
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Figure 1 Illustration of generation of molecularly imprinted polymer formation of 

complexation between monomers and template (1), polymerization of functional 

monomers with cross-linkers around the template (2), and template removal, 

formation of the complementary binding sites (3). 

 The advantages of these synthetic recognition materials are easy 

preparation method and higher physical/chemical stability for a harsh condition such 

as pH, temperature and solvent. For this reason, MIPs have been usually used as 

selective materials for a wide range of applications such as artificial receptors (Cela-

Pérez et al., 2011; Alenus et al., 2013; Mergola et al., 2013; Karimian et al., 2014; 

Kunath et al., 2015), sensors (Sontimuang et al., 2011; Kotova et al., 2013; Latif et 

al., 2014; Foguel et al., 2015; Ratautaite et al., 2015; Sharma et al., 2015; Wackerlig 

and Lieberzeit, 2015), synthesis method (Alexander et al., 2003; Zhang et al., 2006; 

Wang et al., 2007; Kirsch et al., 2009; Sun et al., 2013). Solid phase extractions have 

been often conducted with the use of MIPs as affinity phase for extraction of selected 

compounds (Xu et al., 2004; Javanbakht et al., 2010; Poma et al., 2013; Díaz-Álvarez 

and Turiel, 2015; Li et al., 2015). MIPs have also been used in pharmaceutical 
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application such as protein crystallization (Saridakis and Chayen, 2013), and drug 

development (Sellergren and Allender, 2005; Mohajeri et al., 2012; Rostamizadeh et 

al., 2012; Kempe et al., 2015). From these applications by using the MIPs establish 

the generating of cavities is highly desirable for application in biological research 

giving rise to a unique biological response (Garcia-Serna and Mestres, 2011). In 

recent year, MIPs has been applied for coating then the target molecule or template 

used as fluorescent probes, that can be visualized by fluorescence microscope without 

the use of dye (Ren and Chen, 2015; Tang et al., 2015). The complex of imprinted 

polymer and analyte, were analyzed and determine in thermodynamic activity and 

mobility of the targeted molecule by fluorescence spectroscopy. The number of 

recognition sites was determined by Boltzmann distribution which is a probability 

equation relating the entropy as shown in equation 1,  

S = kblnW                  (1) 

, where S is an entropy which related to stabilization energy (∆H°), W is a weight, and 

kb is Boltzmann constant, 1.380×10−23 J/K. The sum of the binding energies of the 

stability of a complex between ligand and receptor that is useful for the investigation 

of the binding properties between drug or ligand that mimics the biological process 

with natural receptor. The molecular imprinting is a process that exploits properties 

such as shape, size, and electronic features embedded in the known pharmaceutical 

compounds, can be used as a tool for the determination of chemical and physical 

property of the target or drug, or biological active entities (Mosbach et al., 2001; 

Alexander et al., 2003). We employed a biological molecule or the part of active site 

for generating a new biological compound in a nanovessel. Figure 2 shows typical 

https://en.wikipedia.org/wiki/Entropy
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synthesis procedure of generating a compound within the cavity formed with known 

biological substrate as the template during polymerization.  

 

Figure 2 The principle of direct molding, two fragments bind at MIP cavities and it 

accelerates the covalent bond formation between the two fragments with the highest 

affinity. 

When considering fabricating of molecular structures creating as nature to produce 

recognition materials, that the cavity created by pharmaceutically active counterparts 

that was assumed to produce biologically active compound when test further in 

biological evaluation or assay. This method includes the choice of chemical or the 

reagent that is known to be associated to the natural receptor to design ligands 

selective for receptor following by mixing and match the fragment in an imprint of 

original agent, resulting in the coupling product from the reaction of a series of 

reagent with selected chemicals. Then chemical is incorporated into the imprinted 

cavities, that was close proximity, near or at the active binding sites and induce the 

chemical merge or combined between encounters by an appropriate chemical reaction 
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into a structure before extraction of the final product. For example, the imprinting of 

the kallikrein inhibitor for generating new inhibitor have been previously reported, a 

similar dissociation Kd as the known template (Mosbach et al., 2001). They pioneered 

the generation of several compounds within the selective recognition site based on the 

template-based method that the MIPs have also been applied as nanoreactors using 

Huisgen 1,3-dipolar cycloaddition of azides and alkynes by Zhang and coworkers. 

The synthesized products showed high regioselectivity and excellence kinetic rate of 

the reaction (Zhang et al., 2006). Moreover, a metal-containing asymmetric 

heterogeneous catalyst that have been synthesized by molecular imprinting and 

methyl-(Z)-α-N-acetamido-cinnamate as the template showed a significant 

enantioselectivity of production of the (L)-enantiomeric product (Lee et al., 2009). 

When the carboxypeptidase was chosen as template for preparation of the imprinted 

catalysts that led to imprinted cavity stabilized the tetrahedral transition state in the 

hydrolysis of carbonate (Wulff and Liu, 2011). Therefore, synthesis of different 

synthesized compounds and thus the particular entities is expected to contain the key 

recognition related to the template structure that was used to construct the MIP.  

 Dopamine and serotonin which are interested for this study were used 

as the templates that were single (dopamine) or mixed dopamine and serotonin. 

Dopamine and serotonin are important neurotransmitters that have the autonomous 

neuronal activities and can regulate the functional responses of neural activity. They 

are clinically relevant compounds and dopamine as well as serotonin is used as 

therapeutic. They are neurotransmitter, and hormone, which stimulate the receptors 

for the central nervous system response and function, with a multimodal reaction, this 

neurotransmitter receptor trigger and communicate each other within different 
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subtypes, or the other receptors for the regulation function of the body. One of 

advantageous approach of MIPs for direct molding is used in this study relevant to 

substances are used as the substrate for the reaction in both dopamine and serotonin 

MIP nanovessel. Subsequently, the characteristic and evaluation of recognition ability 

for the synthesized polymer materials were carried out by scanning electron 

microscope (SEM), Fourier transform infrared spectroscopy (FT-IR) and pore 

analysis.  

 Dopamine and serotonin receptors are targets in this study which the 

reason for this is that they offer the opportunities of the development and screening 

library of the dopamine mimics for the treatment of antipsychotics. The atypical 

antipsychotic agents are partial D2 receptor agonist and also blockage dopamine D1, 

D3, D4, and serotonin receptor (Roth et al., 1997; Konradi and Heckers, 2001; 

Horacek et al., 2006; Jafari et al., 2012). Figure 3 shows the chemical structure of 

some antipsychotic drugs used in this study. They were used as the substrate for 

testing the recognition in this study or verify the selectivity of MIPs. 
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Figure 3 The structure of atypical antipsychotic drugs. 
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 Normally, the purification and characterization of the natural brain 

receptor for assay and testing have many steps, time consuming, and cost effective. 

Accordingly, the synthetic artificial receptors based on imprinting technique provide 

the greater advantages of receptor mimics are less expensive to be synthesized than 

pure receptors by replacement of biological recognition system. In addition, they also 

storage and maintained their recognition cavities for several times (Vasapollo et al., 

2011). Previous work has shown that the biomimetic receptor using imprinting 

techniques such as artificial beta-adrenergic receptor prepared by a novel method such 

as reversible chain-transfer catalyzed polymerization (Bompart et al., 2015) and photo 

initiated atom-transfer radical polymerization (Adali-Kaya et al., 2015) and this 

employed the S-propranolol as a template. Latif and coworkers imprinted the estrogen 

receptor on polyurethane layer (Latif et al., 2014). The previous studies of dopamine 

and serotonin receptor mimics natural dopamine/serotonin receptors have been 

reported that the polymer materials were tested for selective recognition properties 

and behavior in competitive binding assay using dopamine in fluorescence 

spectroscopy for ergot derivatives. The MIPs have potential to screen the compounds 

from natural products and drug candidate by the polymer with responsive properties 

(Suedee et al., 2006; Suedee et al., 2008). It is interesting to use these recognition 

cavities of MIPs for the synthesized dopamine analogs that show high affinity for 

both dopamine and serotonin MIPs. Moreover, each individual compound is tested for 

its ability to bind to a given biological molecule which could be replaced by a more 

stable artificial receptor. With MIP mimics, biological target have been developed, 

yielding a plug that fills the portion in the active sites or binding site of imprinted 

cavity.  
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Upon screening method, the variety of strategies that are usually used 

for evaluation of biological activity of new compounds such as, high throughput assay 

(Hughes et al., 2011). In addition to biological assay, the screening without chemicals 

and fresh original target, virtual screening is well known in computer-based methods, 

molecular docking, for test large libraries of molecules of interest that complement 

targets of known structure with the receptors (Shoichet, 2004). A protein-ligand 

binding affinity is of greatly promising for study of the interaction between small 

molecule and ligand with their binding sites of protein via non covalent interactions. 

The information of affinity binding can help scientists screen of new lead compound 

that have the specificity to the protein such as receptor, enzyme, cell, etc. Therefore, 

protein-ligand binding affinity has become important for finding new drug and study 

the interaction between drug and target protein. These prediction using calculated 

binding free energies in detail Monte Carlo (MC) simulations (Michel et al., 2006) 

combined with protein-ligand binding assay, allowed structure determination of 

inhibitors bound to E. coli recombinant dihydrodipicolinate reductase with SYBYL 

software package (Paiva et al., 2001). The assay system with computer aid tools had a 

higher hit rate and allows the opportunity of screening potent compound to target. 

Moreover, the strategies of molecular screening can be model structure of potential 

synthesized compounds which had high affinity to the target by the MIPs for 

individual test compounds associated with the template binding to the natural receptor 

that reflected the structure similarity to the template. Furthermore, the biological 

testing of natural target protein has become an essential component of 

pharmacological screening, thus isolation and purification have to be carried out with 

care due to the stability and the perturbed active site. Activity of the selected 
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compounds for study of dopamine receptor or its binding site mimics the recognition 

ability, provided a template describing the shape and binding domains. The generation 

of candidate or drugs with biologically active properties is to describe the resulting 

from the interactions of drugs and other organic molecules with the binding site of 

proteins (i.e. receptor, channel, cellular organelles).  

In this thesis, the mixture of building blocks for the synthesis 

procedure of the MIP used to screening the dopamine libraries and to create various 

compound-association dopamine and serotonin receptor; chlorobutyrophenone-type 

ligand, or clozapine-type ligands in the MIP nanovessel. Subsequently, we validate 

situ product formation into the binding site of MIP mimics by the competitive ligand 

binding assay using natural receptor isolated from the rat hypothalamus. Also the 

linking mechanisms of drug action at these receptors provide us the information of 

ligand binding reflected the dysfunctional biological and cellular processes of human 

diseases. The binding of imprinted polymer contains the active site for the assembly 

of candidate occurred from the agonist or antagonist are able to bind to these receptors 

mimicking the binding affinity of the natural one. The nucleophilic substitution 

between the ligands and the amine structure occurred in the MIPs with a high physical 

stability that have resistance in the harsh conditions. The energetic advantage of 

present method can prevent the site that is mimic the entities of biologically active 

compound formed for recognition during the polymerization, in turn to prevent the 

interacting with its usual substrate and the formation of by-products. Although the 

MIP nanovessels can give different conformational state or orientation, the 

synthesized compounds need to be screened in biological activity or the aids of 
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computer docking for study the binding properties of the obtained compounds from 

the molding in a nanovessel using crystal structure of protein. 

The quantification of ligand binding to specific dopamine and 

serotonin receptors is a crucial key of drug finding research; therefore, receptor-ligand 

binding assays are necessary to measure binding affinity and ligand efficiency. In this 

study, we used the artificial receptor based on the biomimetic approach. Screening of 

biological activity as applied to D1R ligand have been carried out by using of a 

dopamine binding site mimic that would be correlated with the physical and chemical 

properties of tested compound’s structure. The previous studies of using of labeled 

ligand-binding assays, including fluorescent and radio ligand binding assays were 

mainly utilized to detect biological active compound to the binding site of a natural 

receptor. For competitive binding assays, the affinity of analyte for the receptor of 

interest can be determined from their ability to displace the marker, labeled ligands 

with radio-isotopes (Martres et al., 1985; Alberto et al., 1999; Lawler et al., 1999), 

dyes or fluorophores (De et al., 2005; Baker et al., 2010), chemoluminescence 

(Macdonald et al., 2000) and bioluminescence (Heils et al., 1996). 

 Receptor–ligand binding technique by a labeled marker had major 

advantage is sensitivity (Lohse et al., 2012). Solving problems of the actual 

compounds that have affinity for receptor instead of a labeled marker and detection of 

the eluted the free ligand by mass spectrometry (Jonker et al., 2011). Previously, van 

Breemen and coworkers developed pulsed ultrafiltration by using the molecular 

weight cutoff membrane for pushes the unbound fraction to waste (van Breemen et 

al., 1997). Then, the bound ligand was dissociated from the receptor, then eluted 

through the membrane, and measured and identified by LC-MS (Liu et al., 2007). 
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Affinity screening method is also well-known in its ability that depends on possible 

binding of ligands to immobilize proteins on a solid support and the established 

procedure for binding ligands. Jonker and co-researcher produced protein-Co(II)-

coated paramagnetic as affinity beads for isolation of the target biomolecule by using 

immobilized receptor on magnetic particles (Jonker et al., 2009). Both Gellan beads 

and agarose were also used for the immobilization of bovine serum albumin (BSA) 

and Protein A as an affinity solid phase chromatography for target capturing of IgG 

(Ferrance, 2007). Also, Höfner and Wanner have reported the competitive binding 

assays with dopamine receptor-ligand and D1R for the study of ligand binding in 

matrix solution that mixed ligands, native marker, and the addition of receptor 

(Höfner and Wanner, 2003), which selectivities similar to those of biological 

antibodies (Ansell et al., 1996). In generally, artificial receptors based on molecularly 

imprinted technique were able to investigate the recognition selectivity for analytes or 

targets. This screening strategy employed the MIPs is beneficial about high affinity 

and specificity, although the shape of test compounds in the various binding sites of 

imprinted cavity may differ from the biological situation, the approach that speed up 

the searching candidates in discovery. The computer aids tool was employed for the 

determination of the binding affinity of recognition cavities generated by the bioactive 

template molecules. In the case of protein recognition, flexible structure and 

conformation can be easily affected by temperature and solvent upon the 

polymerization; therefore, the synthesized procedure needs to be control to prepare 

protein MIPs that have a biomolecule or protein as a template. However, the protein-

imprinted polymers were successfully produced by stamping method. Because of the 

adsorption substrate for template proteins, such as mica surface with hydrophilic and 
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negatively charged, and sugar shell, that produced high selective recognition via 

surface imprinting. Immobilized sugars were used for fibrinogen-MIP production (Shi 

et al., 1999). Immobilization techniques were developed to prepare MIP with 

selective recognition for the hemoglobin on silica surfaces by using covalently 

immobilized hemoglobin in polysiloxane networks (Shiomi et al., 2005). The BSA-

imprinted polymer with recognition polymer chains formed by using polyacrylamide 

that were studied for hold the form of the protein template in the surrounding polymer 

chains (Guo et al., 2006).  

 Sensor is a device for detection of the analyte with several changes of 

signal, physical, chemical and electronic, and also mass in the process parameters or 

any stimulus. It includes three parts consisted of receiver, detector, and recorder. The 

transducer is a kind of detector that converts other form of energy such as electrical or 

electromagnetic to read out as shown in quartz crystal microbalance (QCM) sensor. 

The MIP thin films are used for coating on to QCM that are selective, simple and 

sensitive method. QCM sensors are well-known to measure small mass changes of the 

analyte by using the change in resonance frequency for the application in biosensor 

application (Bunde et al., 1998; O’Sullivan and Guilbault, 1999). The QCM sensors 

include a thin quartz disc that sandwiched between a pair of metal electrodes and 

connected with oscillator circuit and frequency counter (Figure 4).  

http://dict.longdo.com/search/include%20among
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Figure 4 Schematic view of a piezoelectric QCM crystal. 

Figure 5 shows illustration of the preparation MIP film on the QCM by using the 

synthesized peptide of gp41 fragment 579–613 as a template with epitope imprinting 

technique (Lu et al., 2012). Then, this biomimetic sensor allowed for detection of 

human immunodeficiency virus type 1 (HIV-1) with a high selectivity and specificity 

to HIV-1. 

 

Figure 6 Epitope approach to synthesize MIP film for the detection of human 

immunodeficiency virus type 1 related protein glycoprotein 41. 
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Within this study, a three-dimentional structure of protein isolated from natural 

source receptor that was used as a template has been previously reported, new kind 

of the surface imprinting technique (Titirici et al., 2003) was used for produced 

MIP material. The generation of MIPs using porcine serum albumin (PSA) as a 

template (Liu et al., 2014).This strategy was also employed for the generation of 

recognition site for peptide biotoxin melittin, the major component of bee venom 

from Apis mellifera upon imprinting process and the measurement of QCM sensor 

after template removal (Hoshino et al., 2008). One advantage of this technique for 

preparation molecular imprinting film is the epitope-mediated imprinting that 

recognized the dengue virus protein. A peptide containing Thr-Glu-Leu-Arg-Tyr-Ser-

Trp-Lys-Thr-Trp-Gly-Lys-Ala-Lys-Met was selected as linear epitope template (Tai 

et al., 2005). This method offers the proteins bound to the MIP that the pre-polymers 

were arranged in suitable orientation under the external conditions.  

The change in mass of analytes on the quartz surface is related to the change in 

frequency of the oscillating crystal, as shown by the Sauerbrey equation (2) with high 

sensitivity and quick response.  

∆𝑓 =  − 2𝑓2

�𝜌𝑞𝑢𝑞
 ∆𝑚 = −𝐶𝑓∆𝑚  (2) 

 ∆𝑓is the different frequency resulting, 

 ∆𝑚 is the mass change,  

 f is the intrinsic crystal frequency, 

 𝜌𝑞is the density of the quartz, and 

 𝑢𝑞is the shear modulus of the quartz film (Baltus et al., 2007).  
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 QCM sensors have been applied for study of interaction of organic 

compound or proteins of interest. The detection of both macro and small molecules 

such as human rhinovirus and the foot and mouth disease virus (Jenik et al., 2009) has 

been previously reported, estrogen 17β-estradiol, as well as endocrine disrupting 

chemical (Latif et al., 2014). Previous report on the MIP selective for racemic 

thalidomide and its (R)-enantiomer showed the selectivity of the enantiomer template 

other than the racemic mixture of thalidomide by using a polyurethane imprinted 

polymer (Suksuwan et al., 2015). The selective recognition of lovastatin in red yeast 

rice with poly(2-hydroxy ethyl methacrylate methacryloylamido aspartic acid) 

nanofilms have been reported (Eren et al., 2015). The themelphalan, an alkylating 

agent active against malignant diseases were analyzed via electropolymerized 

molecularly imprinted polythiophene films (Kumar Singh and Singh, 2015). 

 The goal of this thesis project as follows: first, MIPs were used as 

nanoreactors which have specific binding site to develop the target molecules to 

which dopamine analogs show binding affinity for dopamine and/or serotonin 

receptors. Second, MIP cavities were used as a probe for understanding of the specific 

molecular aspects of the dopamine receptor ligands. Third, MIP-based QCM sensor 

layers which non-covalent interaction is necessarily for the binding on the artificial 

receptors based on natural dopamine receptors as protein recognition that mimics 

biological process. On sensor measurement, MIP-based QCM in which analyte-MIP 

exhibits the sensor response and the binding sites of MIP allowed to trace back ligand 

selectivity of the natural receptor to overall structural changes in the known molecule. 

A dual electrode is advantageous to eliminate the effect of differances of conductivity, 

temperature and machanical force, etc. That one electrode layered with sensor 
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element and another by non-imprinted control polymer that was prepared in the 

absence of template. The differences of substrates including either the agonist or 

antagonist of dopamine receptor have been studied through measurements of binding 

of the compounds using MIP-based QCM sensor. The test compounds associated to 

dopamine receptors which elicit a range of biological activities and the development 

of molecular structure for functional selectivity would be expected to be highly useful 

for antipsychotic therapy. 
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CHAPTER 2 

OBJECTIVES 

 

Choice of monomers and cross-linker 

 To prepare dual dopamine/serotonin molecularly imprinted polymer 

(DS-MIP), dopamine molecularly imprinted polymer (D-MIP), and control polymer 

(NIP) which dopamine and serotonin as template. The non-imprinted polymer which 

were used as control polymers were prepared the same as the polymerization of MIPs 

except in the absence of a template. Based on the structure of template, methacrylic 

acid (MAA) and acrylamide (ACM) were chosen as the functional monomers that 

have functional group of carboxylic acid and N-amide, respectively. A cross-linker, 

N,N′-methylene-bis-acrylamide (MBAA),was used in this study, it is also necessary in 

the formation of the selective material that play a key role of the formation of rigid 

polymer network for stabilized binding site that obtained from template. A thermal 

polymerization method involving free radical polymerization with 2,2′-azobis-

(isobutyronitrile) (AIBN) was chosen for the synthesis of the obtained polymer. After 

the removal of template, MIPs and corresponding NIP were subsequently 

characterized by the examining of surface morphology and surface area by SEM and 

nitrogen adsorption/desorption using an automated gas sorption system, respectively. 

Surface areas were measured from Brunauer-Emmet-Teller (BET) plots. Moreover, 

pore volume and pore size were determined using the Barrett-Joyner-Halenda (BJH) 

method by nitrogen adsorption/desorption using an automated gas sorption system. 

 

 



20 
 

Objectives of this thesis 

 To apply the obtained artificial receptors of DS-MIP, D-MIP and 

corresponding non-imprinted polymer to synthesize a range of the dopamine analogs 

by nucleophilic reaction via molding method. This involved the reaction of 

butyrophenone derivatives by amine compounds, tyramine, phenylethylamine, 

benzylamine, phenylalanine methyl ester, 4-(3,4-dichlorophenyl)-N-methyl-1,2,3,4-

tetrahydronaphthalen-1-amine and 2-(3-(4-(3-chlorophenyl)-piperazin-1-yl)propyl)-

[1,2,4]triazolo[4,3-a]pyridin-3(2H)-one, with 1-chloro-(4′-fluorobutyrophenone).For 

modifying of clozapine derivatives, the reaction between the hydrazine derivative and 

eight acid halides, namely, 2-methoxybenzoyl chloride, 3-methoxybenzoyl chloride, 

3-chlorobenzoyl chloride, 4-chlorobenzoyl chloride, phenylacetyl chloride, and 4-

methoxy-phenylacetyl chloride. The synthesized compounds from the coupling 

reaction within the DS-MIP, D-MIP and the corresponding NIPs were compared and 

characterized by spectroscopic methods such as FT-IR, 1H-NMR, 13C-NMR, liquid-

chromatography and mass spectroscopy. Then, the synthesized compounds were 

screened for pharmacological activity to determine the binding affinity for isolated 

biological receptor from Wistar rat hypothalamus using label free competition binding 

assays with SCH23390 in ammonium formate buffer (pH 7.4) at room temperature 

following by LC-MS-MS method.  

 To determine the binding affinity of the products were also calculated 

by molecular docking, Surflex-Dock program, by using X-ray crystallographic 

structures of the D3 receptor [Protein Data Bank entry 3PBL chain A] and the 

serotonin 5HT1b receptor [Protein Data Bank entry 4IAR] that were removed the co-

crystallized ligand and water molecules fixed, and that fixed side chains. For this, the 
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computer docking was used to determine the total score, -log(Kd), of hydrophobic, 

polar, repulsive, entropic and salvation for the binding affinities of the synthesized 

compounds with the simulated protein structure that was obtained from data bank. 

Also used to screen for active compounds with a binding affinity Ki and IC50< 1 μM, 

the support vector machine (SVM) models. 

 To employ the dopamine and serotonin MIP binding sites for 

investigation function and photophysical properties of the hypothalamus proteins. In 

this work, the mixture of polymer particles (NIP, D-MIP or DS-MIP) along with 

clozapine were incubated for which the effect of probes or biomarker either with or 

without rat hypothalamus was examined using fluorescence spectroscopy and 

fluorescence imaging. A fluorescence decay and phase contrast microscopy for 

determination of temperature-dependent molecular interactions in the presence of the 

isolated rat hypothalamus, which allowed the relationship of energy and binding. 

Furthermore, the identification of drug achieved from the synthesis of a series of the 

chemical reagents and the precursor in MIP nanovessel were performed by 1H-NMR, 

SEM coupled microanalysis, and inductively coupled plasma-atomic emission 

spectroscopy (ICP-OES). To examine the binding properties of MIP and in the 

presence of D1R agonist and antagonists by competitive binding assay. To establish 

the synthesizing procedure and differential binding of template on the optimal 

conditions to achieve the optimal MIP coated QCM. To investigate D1R protein for 

their binding characteristics which is relevant to biological activity of small molecules 

on QCM sensors for analytical technique. To establish the binding affinity for ligand 

binding assays with MIP-base QCM sensor and to compare them to the previously 

reported that was achieved by radioimmunoassay. 
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CHAPTER 3 

SIGNIFICANT RESULTS AND DISCUSSION 

 

Synthesis and characteristic of MIPs 

 In this study, the MIPs, DS-MIP and D-MIP, were produced for the 

use in synthesis of a new entity of the dopamine as biological target for natural 

dopamine and serotonin receptors. These artificial receptors were obtained by the 

copolymerization of two functional monomers, MAA and ACM by thermal 

polymerization reaction, using MBAA as a cross-linking agent in the presence of 

mixture of dopamine and serotonin were the printed molecules for DS-MIP, single 

dopamine as template for D-MIP and non-template for NIP in 80%v/v methanol 

solution. This solvent was chosen because the dopaminergic and serotoninergic 

agonist species of natural dopamine and serotonin receptors were soluble in polar 

solvents. For interaction in recognized sites, the carboxylic group or the amide group 

of functional monomers were capable of interacting with the hydroxyl and amino 

groups of dopamine and serotonin templates. Moreover, N,N′-methylene-bis-

acrylamide would provide the flexibility and conformational adaptability to the 

polymer that partially mimicked the properties of the natural proteins.  

 Table 1 shows SEM image and physical properties of the imprinted 

polymers. The successfully preparation of MIPs were confirmed by FT-IR spectra of 

imprinted and non-imprinted polymer materials that showed peak of O-H or N-H 

stretching vibration, C=O stretching vibration, -NH2 bending, -CH2-CO bending,        

-OH bending, and  C-C-O stretching at 3422-3418, 1660-1657, 1532-1528, 1454-

1452, 1388, and 1114 cm-1, respectively. 
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Table 1 Characteristics of synthesized polymers. 

Polymer 
SEM  

micrograph 
(× 50,000) 

Pore volume 
(x10-2 cm3/g) 

Pore size 
(Å) 

BET 
Surface 

area (m2/g) 

FT-IR  
(cm-1) 

NIP 

 

235.4 183.5 513.0 

3421, 2945, 
1657, 1532, 
1452, 1388, 
1212, 1114, 
603 

D-MIP 

 

131.3 248.0 211.8 

3418, 2943, 
1660, 1531, 
1452, 1388, 
1211, 1114, 
615 

DS-MIP 

 

252.1 259.0 389.4 

3422, 2942, 
1657, 1528, 
1454, 1388, 
1211, 1114, 
619 

 

The surface morphology of MIPs was observed by SEM. Imprinted polymers 

exhibited a rough surface of the particles in which the aggregation of both MIPs was 

higher than the NIP control polymer. The pore size, pore volume and total surface 

area of MIPs were characterized in the range of 248.0-259.0 Å, 1.3-2.5 cm3/g and 

211.8-389.4 m2/g, respectively. MIPs were found to have a larger pore size than NIP. 

The pore volume and BET surface area of corresponding NIP was larger than the 

porous material for dopamine imprinted polymer. The obtained MIPs had 

significantly enhanced surface area excellent template binding improved owing to an 

increased surface area, particularly in DS-MIP. The effect of pore sizes of MIP on 

absorption and the accessibility of the reagents or starting materials in imprinted 

cavity. A large portion of a surface area is associated with surface and smaller pore 

volume for D-MIP than the other polymers, the amine molecules will be unable to 
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reach these sites. The results confirmed that the recognition selectivity of MIP 

materials was successfully produced by molecular imprinting techniques. The MIP 

cavities were applied in the synthesis of chlorobutyrophenone-type ligand and 

clozapine derivatives for next study. Moreover, homogenous polymer chains 

containing of functional monomers, MAA and ACM distributed on the backbone 

were achieved in DS-MIP compared with D-MIP, and NIP, which led to higher 

affinity for rebinding of template and analogs.   

 

Synthesis of dopamine analogues by self-assembly approach 

-Butyrophenone derivatives  

 Compounds with several rotatable bonds have a number of equivalents 

low energy conformations that may gain access to imprinted cavity. The activated 

complex can be considered by the having one loose vibrational mode into the release 

bound molecules. In the case of transition state is much looser than the adsorbed 

phase, which conferred to the loose chemical entity that should have degrees of 

freedom that are more easily excited by temperature and the adsorption activation 

energy for the adsorbed phase. If the binding parameter (b) of the reagent-MIP obeys 

the Arrhenius equation:  

𝑏 = 𝐴𝑒 × 𝑝 �
−𝐸𝑎
𝑅𝑇

� 

The activation energy derived from the Arrhenius type of temperature in the case of 

this MIP system may be associated with the imprinted polymer. The existence of a 

strong energy for driving the substrate or ligand into the reaction medium due to the 

difference in the parameter between the amine compounds. The postulate states that 
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the structure of a MIP-compound resembles that of the species nearest to it in free 

energy. From the current study, the chlorobutyrophenone merged to the other reagents 

at 60ºC, and confirmed the structure of the MIPs resulted in its re-orientation and led 

to reversible binding of the chlorobutyrophenone and various amine precursors. This 

reversible binding of the bound species that the main driving force is non-covalent 

interactions between two partners and the ability of their functional groups, to react by 

nucleophilic substitution in a defined way. During the binding within the MIP binding 

site, the amino moiety changed orientation that entailed the molecule prefers to the 

most favorable conformation, or involving the lone pair electron on the nitrogen 

giving the attraction at the alkyl halide. A transition state from one type to other, was 

preassembly occurred, and selectivity dominantly in the nanovessel for the molding 

within the surrounded polymer chains. The structures of the assembled MIP and the 

reactants, then final reactant product in the binding sites as the template do. Thus, the 

preassembled template and functional monomer that formed crosslinked chain with a 

crosslinker, the forming of binding sites and the shape should be compliant to the 

structure of the intended product. 

 The nucleophilic substitution reaction in imprinted nanoreactors occurs 

only if there is a possibility of interaction between the precursor and binding site in 

recognition cavity. This reaction enabled the synthesis of new entities from a 

dopamine/serotonin receptor ligand by use of various amine structures as building 

blocks similar to the template. The characteristic of MIP binding site for molding 

reaction can be used to study the details by a systemic modification, for dopamine 

binding site mimics. This is in turn to gain the knowledge about the selectivity of 

biologicial process in the neural system. The process was used in this work that with 
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selections of amine precursors, tyramine (1), phenylethylamine (2), benzylamine (3), 

phenylalanine methyl ester (4), 4-(3,4-dichlorophenyl)-N-methyl-1,2,3,4-tetrahydro 

naphthalen-1-amine (5) and 2-(3-(4-(3-chlorophenyl)-piperazin-1-yl)propyl)-[1,2,4] 

triazolo[4,3-a]pyridin-3(2H)-one (6), as shown in Table 2, demonstrated for specific 

binding in area of the receptor binding site. Subsequently, the bound molecules may 

interact with the binding groups of functional monomers within the imprinted cavity, 

that direct the reagents to link covalently by a suitable alkylation reaction with 1-

chloro-(4’-fluorobutyrophenone) confines within their binding pockets, which are 

important in forming of more favorable new ligand of the binding site of the receptor 

with a high degree of specificity. Sufficient time permitted the mold with reaction 

rates can be achieved for the chlorobutyrophenone-type ligands and the amine 

compounds. The results showed evidence supported that 1-chloro-(4′-

fluorobutyrophenone) could bind into the MIP binding sites. The results from 

chemical synthesis in molecularly imprinted polymer nanovessel were obtained as can 

be seen in Table 2.  
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Table 2 The precursor amines and resulting components of the mold reaction. 

 

 

The difference of nucleophilic substitution reaction in DS-MIP, D-MIP and NIP using 

the amine 1 and 5 to obtain 1a and 5a, respectively, depended upon their intrinsic 

nature of the reactive groups. This method is compatible with amino group of reagents 

under the controlled condition, which displaced the hetero atom on the 

chlorobutyrophenone. The compound 2 formed a product 2a, particularly in 

displacing only fluoride atom. In addition, the amine group of 3 displaced both 

halogen atoms of chlorobutyrophenone gave 3a in only the mold reactions. But the 
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butyrophenone derivative was not obtained in MIP cavities when 4 and 6 acted as the 

reactants. The product from 4 and tertiary amine 6 were not observed because of 

steric effect of bulky amine. Moreover, the nucleophilic properties of nitrogen atom of 

amine reactants are important key in the nucleophilic substitution reaction but the 

molding reaction were controlled by MIP’s cavity. Therefore, the nucleophilic 

substitution reaction in imprinted nanoreactors occurs only if there is possibility of 

interaction between the amine and binding site in the imprinted cavity, where the MIP 

was assessed with respect to the surface area and the accessibility. As the reaction 

should selectively generate the best synthesized compound for the imprinted polymer. 

The result demonstrates that the procedure used that imprinted with the MIP binding 

sites for product formation could be identified and enhanced a workable MIP system 

in which the binding site of MIPs and reactants and its reactivity is occurred. Note 

that, after washing the chemical product, the active binding sites in MIPs believed to 

remain stabilized functional groups can rebind to the other reactants for new cycle of 

the synthesis. 

 

-Hydrazine derivatives  

 The hydrazine derivatives was produced to use for synthesis of 

clozapine derivatives because of the presence of hydrazine functional groups and the 

acid chlorides could be reacted easily that were capable of the formation of dopamine 

analogues in situ. In particular, the reaction between hydrazine and acid chloride are 

reactive toward carbonium ion are well suited for this study. As for the clozapine has 

the main structure can be reacted towards hydrazine derivative (Sasikumar et al., 

2006). First step, the intermediate step involved hydrazine reaction between of 
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clozapine with isoamyl nitrite obtained the hydrazine following by the diazotization 

with an acid chloride, as shown in Table 3. A series of acid halides, including 2-

methoxybenzoyl chloride (7), 3-methoxybenzoyl chloride (8), 3-chlorobenzoyl 

chloride (9), 4-chlorobenzoyl chloride (10), phenylacetyl chloride (11) and 4-

methoxyphenylacetyl chloride (12) were studied for the reaction of 

hydrazinoclozapine derivatives in mold reaction. In this modification, the resulted 

compounds (7b and 8b) were obtained from the product from 2- or 3-methoxy- 

benzoyl chloride only in MIP nanovessel (see Table 3). Comparing to all of the other 

acid chlorides (9-12) they did not react with the hydrazine compound in both the 

MIPs and control polymer such that on obtaining the conversion of these functional 

groups which is potential useful in the synthesis of these two clozapine derivatives in 

the MIP nanovessel. Also, the results from reaction of hydrazine with the acid 

chlorides in the triethylamine, indicating that the product may react in this solution 

but that the presence of drug impeded by the steric imposed by the binding site of 

MIPs occurred. The adsorption process of the imprinted materials may hydrogen 

bonding, van der Waals interaction, ion-dipole interaction and hydrophobic 

interaction. 
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Table 3 Summary of synthesis of clozapine derivatives from the reaction between 

hydrazinoclozapine and various acid chlorides in the MIP nanovessel. 

 

The results from direct molding between butyrophenone and clozapine hydrazine 

derivatives indicated that MIP nanovessel can be induced a more favorable 

conformation of product that has high affinity to active site of artificial receptor by 

which the component of the reacted compound near or at the binding group of the 
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MIPs. The results demonstrated that the synthesized butyrophenone and clozapine 

hydrazine derivatives have high affinity and greater binding efficiency on natural 

dopamine and serotonin receptors. Therefore, the ability of MIP nanovessel can be 

applied for chemical reaction to occur within the imprint cavity related to biologically 

active compound.  

 

Pharmacological screening by computer modeling and biological testing of 

natural receptor 

 For Surflex-Dock, protomol or ideal active site of the crystal structure of 

dopamine D3 receptor [PDB: 3PBL chain A] and serotonin 5HT2B receptor were 

generated and the chemical compounds were docked in protomol using the Surflex–

Dock module that would give better understanding of protein–ligand complexes for 

the obtained compounds as shown in Figure 6.  

(A) 
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   (B) 

 

Figure 6 Modeling of biological receptors, D3 receptor (PDB ID: 3PBL) and 5HT1B 

(PDB ID: 4IAR) receptor for (A) butyrophenone derivatives, 1a-5a, and (B) clozapine 

derivatives, 7b and 8b. 

The computer docking for all the test compounds showed that the hydrogen bonds 

(1.78-2.75 Å) between the compounds and these receptors. The oxygen atom of 

carbonyl group of 1a, 2a and 8b appeared to make one hydrogen bond with hydrogen 

atom of amide group of ILE183. 3a also formed hydrogen bond with ILE183 and the 

NH- group of 3a formed another hydrogen bond with oxygen atom on the benzene 

ring of TYR373. But 5a and 7b did not show hydrogen bonding interaction with this 

target. Moreover, the binding mode between the products and binding site of 4IAR is 

illustrated in Figure 6. 1a was capable to form hydrogen bonding interactions with 

the CYS199 and ASP352 and GLN41. Hydrogen bond was formed between the 

amine group of 2a and oxygen atom of hydroxyl group of THR134. And, the NH 

group of 3a formed the hydrogen bond with ASP352. On the other hand, 5a, 7b and 
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8b did not hydrogen bonding with receptor. Apart from this, the Surflex–Dock scores 

gave the value of -log (Kd) and the free energy of binding (kJ/mol) of a ligand to a 

protein that present by total score and CHEMSCORE, respectively. In addition, 

Support Vector Machine (SVM) data for screening of active compounds by using D2 

ligands with binding affinity Ki and IC50 less than 1 µM were collected from 

ChEMBLdb database (Table 4).  

 

Table 4 Predicted binding affinity of dopamine and serotonin receptor to various 

ligands by Surflex-DOCK and SVM. 

Compound 
Surflex-DOCK  

D3 (PDB: 3PBL) 
Surflex-DOCK 

5HT2B (PDB: 4IAR) SVM* 
−log (Kd) ΔGbinding −log (Kd) ΔGbinding D2 5HT 

Dopamine 3.75 -19.58 4.99 -20.22 1 -1 
Serotonin 5.28 -26.37 5.06 -26.00 1 1 
1a 5.96 -28.90 6.88 -36.46 -1 -1 
2a 6.24 -31.97 6.06 -40.54 -1 -1 
3a 9.07 -41.46 7.66 -42.15 -1 -1 
5a 5.94 -45.89 6.58 -30.57 -1 -1 
7b -0.50 -41.23 6.07 -25.77 1 -1 
8b 3.44 -37.47 4.58 -34.13 1 -1 
Aripiprazole 8.41 -39.02 8.88 -38.00 1 1 
Bromocriptine -1.19 -36.07 4.87 -32.73 1 -1 
Clozapine 5.78 -33.33 3.87 -35.47 1 1 
Fluphenazine 7.38 -38.87 8.02 -27.38 1 1 
Haloperidol 7.84 -35.38 6.42 -30.45 1 1 
Olanzapine 2.98 -25.66 5.29 -38.61 1 1 
Risperidone 5.92 -29.84 7.75 -34.21 1 1 
Spiperone 6.93 -36.17 6.78 -29.83 1 1 
(S)(-)-Raclopride 
tartrate salt 4.13 -21.82 6.38 -26.75 -1 -1 
(R)-(+)-
SCH23390  2.77 -31.97 3.92 -28.05 1 1 

   * For SVM ;  1 = active, -1 = inactive at IC50<1µM. 
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The reaction products from the MIP nanovessels that was achieved, produced Surflex-

Dock scores and pKd values, as shown in Table 4 from chlorobutylophenone and the 

amine precursors more than 5.94 for both the dopamine D3 and serotonin 5HT2B 

receptors. The ΔGbinding of the synthesized compounds presented low binding energy. 

Both methylmethacrylate derivatives of clozapine (7b and 8b) were active for 

dopamine D2 receptor and IC50 were less than 1 µM. Moreover, the resulted 

compounds from mold reaction both the D-MIP and DS-MIP had binding affinities 

related to the well-known compounds used.  

 However, it is necessary to test biological activity with biological 

protein receptor. The biological receptors isolated from Wistar rat hypothalamus in 

ligand binding characteristics that represent the biological activity of the chemical 

compounds. The chlorobutyrophenone–type ligands from mold reaction in the cavities 

as the template were determined by competitive ligand binding assay for D1R with 

SCH23390 using LC-MS-MS method. Table 5 shows the data of binding capacity 

and log ED50 of the test compounds for the natural D1R from hypothalamus. The 

maximal binding affinity was obtained in order: 5a>2a>3a>1a, while log ED50 of the 

compounds, 5a>1a>3a>2a, was observed. The results of pharmacological screening 

indicated that MIP nanovessel is highly potential for creating dopamine-associated 

compounds that have biological activities related to the template. 
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Table 5 Biological activity of chlorobutyrophenone derivatives for D1R (R2 > 0.990). 

Compound Bmax (µM) Kd (nM) log ED50 

1a 0.423 141 6.26 
2a 0.435 227 3.20 
3a 0.437 207 5.02 
5a 0.467 558 6.79 

 

 

The investigation of function and photophysical properties of the hypothalamus 

proteins  

The main objective of this study was to determine intrinsic properties of the 

ligand that a changed fluorescence spectral in an attached ligand via the use of 

dopamine and serotonin MIP binding sites either with or without the isolated rat 

hypothalamus. The difference of red-shift fluorescence spectra was obtained when the 

clozapine was adsorbed on the MIP with the addition of methacryloyl chloride that it 

is because of the clozapine enter the MIP binding sites and anchored part outside was 

within solution, as shown in Figure 7. This can be explained as that clozapine 

oriented and accessibility that resulted from deposition led to the observed spectral 

changes. 
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Figure 7 Fluorescence emission spectra of the clozapine in the presence of 

methacryloyl chloride and AIBN for D-MIP, DS-MIP and control polymer at 

excitation wavelength 341 nm. 

 Upon titration of a series of methacryloyl chloride concentrations with 

fluorescence assay where the MIP-bound clozapine were determined for the maximal 

wavelength in the region between 360-630 nm. For MIPs, the relative fluorescence 

intensity of clozapine rapidly increased but control polymer slightly increased with 

the relative fluorescence intensity. These results suggested that the orientation of 

clozapine in the presence of the methacryloyl chloride on the polymerization. The 

fluorescence of clozapine was examined at various methacryloyl chloride 

concentrations fluorescence spectroscopy have shown that the clozapine oriented 

different positions. These changes in the fluorescence spectra of the bound 

methacrylate derivative of clozapine reflect electron transition energies of the excited 

state. Furthermore, the effect of zinc gave the significantly different on fluorescence 

spectra. The results suggested that the differences of the clozapine fluorescence in the 

MIP binding site exhibited the overall kinetics of clozapine association with the 
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protein receptor, allows one to conduct extensive structure-activity studies and overall 

structural changes in the molecule. The change in fluorescence and quantum 

efficiency in the case of clozapine derivative in MIP cavities both with and without 

Zn(II) depended on temperature that obtained from DS-MIP in the addition of the 

hypothalamus protein, as shown in Figure 8A and 8B. The surface area and a 

relatively small volume of D-MIP were shown but it provided different selectivity and 

temperature responses in the presence of Zn(II) with the protein. 

 

Figure 8 The effect of temperature on fluorescent spectra (λex = 340 nm) of clozapine 

in the solution for MIPs and NIP in the presence of methacryloyl chloride; (A) 

without Zn(II), (B) with Zn(II), (C) the addition of protein (200 µg) without Zn(II), 

and (D) with Zn(II). 
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Figure 8C shows the behavior of clozapine fluorescence for both the MIPs in protein 

matrix. The results revealed that the hypothalamus protein affected the fluorescent 

intensity in the MIPs with increasing temperature by which the positions and 

organization of the reacted component in assemblies. Both the MIPs can be used as 

probe for the assembled dopamine receptors which the binding sites provided by 

prearrangement of the functionality of template complementary to functional 

monomers.  

  

The development of D1R-MIP based QCM sensor 

 The molecular imprinting technique was used to generate the 

recognition on the D1R-imprinted polymer (D1R-MIP) using D1R as the template. 

D1R-MIP has been prepared by stamping method. The generation of the D1R-MIP on 

the QCM was carried out to mimic D1R binding site by using two functional 

monomers, acrylic acid (AA) and N-vinylpyrrolidone (NVP), and N,N′-(1,2-

dihydroxy-ethylene)-bisacrylamide (DHEBA) as the cross-linker. The optimal 

monomer ratio of AA:NVP:DHEBA was achieved at 2:3:12 molar ratio for 

preparation of thin film onto QCM electrodes due to the best binding site and 

excellent selectivity. AFM images showed the surface topographies of D1R-MIP and 

NIP that were different although the same monomer mixture used but without a 

template. The surface of MIP with high pillars or column shape with D1R was 

obtained, while NIP showed very low surface roughness.  
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Figure 9 Sensor signals for MIP and NIP containing different amounts of D1R in PBS 

buffer. 

Figure 9 shows frequency response of D1R at different concentrations on the D1R-

MIP on the QCM sensor. Strong adhesion between receptor and the imprinted cavities 

exhibited the properties of the imprinted polymers and the recognition selectivity 

toward the template protein and influence of D1R in PBS both with and without 

stabilizer or BSA. This result confirmed that the signal response from D1R obtained 

with the addition of the stabilizer and BSA, indicating that these compounds had no 

effect on sensor signal. The results revealed the imprinting effect due to the 

recognition by MIP to the template. The NIP showed positive frequency responses 

which suggested the mobility of analyte on the surface of the layer coating. An 

appreciable sensor characteristic was clearly shown with reversible signal is rapid 

within 30 min. The three-dimensional D1R proteins deposited onto the MIP layer 

coating on the QCM that protein binding site was immobilized on the MIP, would be 

applied for sensor measurement in dopaminergic receptor-ligand binding assay. For 

this purpose, the agonist, dopamine HCl, and antagonists, haloperidol and SCH23390, 
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were tested which the frequency responses for these compounds produced IC50 and Kd 

values depending on the selectivity of D1R-MIP. Table 6 shows IC50 and Kd values 

correlated well with the value determined in previous study. The results showed that 

D1R-MIP-QCM sensor can detect these compounds showing affinity to D1R. 

However, the test compound with low affinity cannot be detected in lower 

concentration of dopamine HCl (< 9.4 µM). The results suggested that D1R-MIP on 

the QCM sensor provided the well-organized binding site of MIP and high efficiency 

of the MIP is due the surface chemistry the accessibility of the binding site, hence the 

possibility of receptor-ligand binding assay. The result also suggested that the 

stabilizer used preserved the active site of D1R receptor on the MIP. 

 

Table 6 Bmax, Kd and EC50 values for each compound were calculated by Sigma plot. 

Test compound Bmax Kd 
(nM) 

EC50 

(nM) 
IC50 or EC50 (ref.)  

(nM) 
Dopamine  242 0.874 517x103 5000 (Mottola et al., 1996),            

39*   (Risgaard et al., 2014)  
Haloperidol  242 25.7 1904 550  (Iorio et al., 1987),         

620+ (Höfner and Wanner, 2003)  
(+)-SCH23390  43.0 0.004 0.283 0.57   (Brewster et al., 1995), 

0.60* (Sun et al., 2013)  
* D1R from Homo sapiens 

+ D1R from Sus scrofa (pig)  
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CHAPTER 4 

CONCLUSION  

 

 The development of MIPs was carried out to act as artificial dopamine 

and serotonin receptors and used as single dopamine and/or dual dopamine and 

serotonin templates that mimicked the binding sites of these receptors. The MIP 

nanosized cavities had properties that helped them to create dopamine analogs that 

had biological activity and were related to the printed molecule for recognition of the 

dopamine and serotonin receptors. Also, the cavity of the MIPs was used as a probe to 

tag the functions and photophysical properties of drugs. Changes of fluorescence for 

the drug clozapine occurred at higher temperatures, particularly with the MIP 

prepared by using mixed dopamine and serotonin. This indicated that the drug was 

oriented on the natural receptor with the additional small molecules or biomarkers for 

the MIP and this was highly useful for examining the activity of the drug at the target 

site. This alternative method may help to provide a better understanding of the 

binding characteristic of the neural receptor and function, and also the interactions 

between the subtypes or other receptors. This screening strategy made use of the high 

affinity and specificity of the MIPs, although the shape of the test compounds at the 

various binding sites of imprinted cavity may differ from the actual biological 

situation. However this approach can accelerate the search for candidates for new 

drugs. The computer aids tool would be employed for determination of the properties 

of the recognition cavities generated by the bioactive template molecules. Therefore, 

the imprinted cavities obtained from the dopamine and serotonin as templates can act 

as mimics for the natural active site of receptor. These bioanalogous receptors have a 
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more stable site of their predefined cavity than a natural receptor and they can be 

reused several times. In addition, the D1R-MIP was prepared on a QCM to detect the 

recognition ability to the template protein as a result of the sensor measurement. This 

MIP had a high selectivity and provided a sensitive sensor signal towards the D1R. 

The sensor measurement by the D1R-MIP was examined during the D1R receptor-

ligand binding assay as well as for the binding site characteristics of the agonist and 

the antagonists on the D1R. The computer docking information was combined with 

this method, although the crystal structure of the protein was obtained from the 

protein data bank, to help to screen for compounds that would be active with the 

natural neural receptor. The precise structure of the D1R in the MIP-QCM sensor as 

well as those for the other receptors used should be examined by X-ray, protein 

crystallization etc.   

 The single dopamine- and dual dopamine/serotonin-molecularly 

imprinted polymer reflected the importance of the active site for the receptors for 

dopamine and serotonin. For future work, these imprinted binding sites will be 

applied to study other reactions of appropriate reagents on the binding sites in 

nanocavities of the MIP and the multiple sites for monitoring the interaction between 

other drugs and the natural neural receptor. This alternative method of using the 

protein-MIP-QCM sensor will be developed to measure the receptor-ligand binding 

and will be potentially useful for screening for the binding affinity of compounds that 

could be used to treat psychotic diseases. 
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