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ABSTRACT 

Chapter 1: An overview of the need of neuroimaging and the importance of CADD for 

neuroreceptor specific drug development have been elucidated. Implications of 5-HT1A and 5-

HT7 neuroreceptors in neurological disorders and the utilization of radioligands for early 

diagnostics have also been discussed.  

Chapter 2: A brief description of computational methodology and various techniques 

employed to accomplish the entitled work have been provided. 

Chapter 3: The 3D homology models of monomeric 5-HT1A and 5-HT7 receptors have been 

generated and validated. Mono-template methodology was conceived for developing 5-HT1A 

receptor homology models, while multi-template approach was utilized for building the 

homology models of 5-HT7 receptors. 3D4S derived mono-template models were found most 

promising and efficient for drug design and development. 

Chapter 4: The 3D-structure of homodimeric 5-HT1A-5-HT1A, 5-HT7-5-HT7 and 5-HT1A-5-

HT7 heterodimeric receptors have been generated using protein-protein docking and validated 

successfully. The dimer interface 1 (TM1/TM2/TM7/H8-ECL1) was found most stable and 

conserved for homo and heterodimerization of 5-HT1A and 5-HT7 receptors. 

Chapter 5: Mixed affinity based monovalent and bivalent neuroimaging probes were designed 

by employing the SBDD approach of CADD. Receptor targeting ability of newly designed 

probes were predicted using Docking studies and analysed by investigating the receptor-ligand 

interactions at the recognition sites of monomeric dimeric receptor models. Drugability and 

dynamic stability at physiological conditions have also been studied. 

Chapter 6: Synthesis, radiolabelling studies and pre-clinical bio-evaluations of the designed 

neuroimaging probes have been discussed in this chapter. Biocompatibility, in vitro stability, 

BBB permeation, non-invasive in vivo imaging and blood kinetics evaluations were performed 

to predict the applicability for medical imaging purposes. The ex vivo biodistribution and 
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regional brain uptake studies were also investigated to determine the organ distribution and 

specific localization of developed radioligands in the receptor-rich regions of brain. 

Chapter 7: Leading outcomes of the entitled thesis, limitations and solutions, failure and merit, 

the future aspects and the scope of the thesis have been summarised. 

 

 

  



सार 

 

अध्याय 1: न्यरूोइमजे िंग की आवश्यकता का अवलोकन और न्यरूोरेसेप्टर जवजिष्ट दवा जवकास के जलए CADD के महत्व को 

स्पष्ट जकया गया ह।ै न्यरूोलॉज कल जवकारों में 5-HT1A और 5-HT7 न्यरूोरेसेप्टसस के कायासन्वयन और िरुुआती जनदान के 

जलए रेजिओजलगैंि्स के उपयोग पर भी चचास की गई ह।ै 

अध्याय 2: कम्पप्यटेूिनल कायसप्रणाली और आवश्यक कायस को परूा करने के जलए जनयोज त जवजभन्न तकनीकों का सिंजिप्त जववरण 

प्रदान जकया गया ह।ै 

अध्याय 3: मोनोमरेरक 5-HT1A और 5-HT7 ररसेप्टसस के 3D होमोलॉ ी मॉिल उत्पन्न और मान्य जकए गए हैं। 5-

HT1A ररसेप्टर होमोलॉ ी मॉिल जवकजसत करने के जलए मोनो-टेम्पपलेट दृजष्टकोण की कल्पना की गई थी,  बजक 5-HT7 

ररसेप्टसस के होमोलॉ ी मॉिल के जनमासण के जलए मल्टी-टेम्पपलेट दृजष्टकोण का उपयोग जकया गया था। 3D4S व्यतु्पन्न मोनो-

टेम्पपलेट मॉिल दवा जि ाइन और जवकास के जलए सबसे आिा नक और कुिल पाए गए। 

अध्याय 4: होमोिायमरेरक 5-HT1A-5-HT1A, 5-HT7-5-HT7 और 5-HT1A-5-HT7 हटेेरोिायमरेरक 

ररसेप्टसस की 3 िी सिंरचना प्रोटीन-प्रोटीन िॉजकिं ग का उपयोग करके उत्पन्न की गई ह ैऔर सफलतापवूसक सत्याजपत की गई ह।ै 

िायमर इिंटरफेस 1 (TM1 / TM2 / TM7 / H8-ECL1) को सबसे अजिक जस्थर और 5-HT1A और 5-HT7 

ररसेप्टसस के होमो और जवषमकरण के जलए सिंरजित जकया गया था। 

अध्याय 5: जमजित आत्मीयता पर आिाररत मोनोवलेैन्ट और बाइवेलेंट न्यरूोइमेज िंग प्रोब को CADD के SBDD दृजष्टकोण 

को जनयोज त करके जि ाइन जकया गया था। नए जिजाइन जकए गए प्रोब की ररसेप्टर लक्ष्यीकरण िमता की भजवष्यवाणी िॉजकिं ग 

अध्ययनों का उपयोग करके की गई थी और मोनोमेररक िायमेररक ररसेप्टर मॉिल के मान्यता स्थलों पर ररसेप्टर-जलगैंि इिंटरैक्िन 

की  ािंच करके इसका जवशे्लषण जकया गया था। िारीररक जस्थजतयों में दवा की िमता और गजतिील जस्थरता का भी अध्ययन जकया 

गया ह।ै 

अध्याय 6: इस अध्याय में जसिंथेजसस, रेजियोलेबजलिंग अध्ययन और जिजाइन जकए गए न्यरूोइमेज िंग ए ेंटों के पवूस-नदैाजनक  ैव 

मलू्यािंकन पर चचास की गई ह।ै  ैव इमेज िंग, इन जवट्रो जस्थरता, बीबीबी पारगम्पयता, गैर-इनवजेसव इन-जववो इमजे िंग और रक्त 

काइनेजटक्स मलू्यािंकन जचजकत्सा इमेज िंग उद्दशे्यों के जलए प्रयोज्यता की भजवष्यवाणी करने के जलए जकए गए थे। मजस्तष्क के ररसेप्टर-

समदृ्ध िेत्रों में जवकजसत रेजियोजलगैंि्स के जवतरण और जवजिष्ट स्थानीयकरण का जनिासरण करने के जलए पवूस जववो बायोजिजस्ट्रएिन 

और िेत्रीय मजस्तष्क उत्थान अध्ययनों की भी  ािंच की गई थी। 

अध्याय 7: हकदार थीजसस, सीमाओ िं और समािान, जवफलता और योग्यता के प्रमखु पररणामों, भजवष्य के पहलुओ िं और थीजसस 

के दायरे को सिंिपे में प्रस्ततु जकया गया ह।ै 
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Al2O3 Aluminium oxide 

TcO4
- Pertechnetate 

NaBH4 Sodium borohydride 

HCl Hydrochloric acid 
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HIV Human Immunodeficiency Virus 
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GABA γ-Aminobutyric acid 

TM Transmembrane 

TMD Transmembrane Domain 

TMH Transmembrane Helix 

ICL Intracellular Loop 

ECL Extracellular Loop 
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5-HT1 Serotonin receptor subtype - 1 

5-HT1AR Serotonin receptor subtype - 1A 

5-HT1BR Serotonin receptor subtype - 1B 

5-HT1DR Serotonin receptor subtype - 1D 

5-HT1ER Serotonin receptor subtype - 1E 

5-HT1FR Serotonin receptor subtype - 1F 

5-HT2AR Serotonin receptor subtype - 2A 

5-HT2BR Serotonin receptor subtype - 2B 

5-HT2CR Serotonin receptor subtype - 2C 

5-HT3R Serotonin receptor subtype - 3 

5-HT4R Serotonin receptor subtype - 4 

5-HT5Rs Serotonin receptor subtype - 5 

5-HT5AR Serotonin receptor subtype - 5A 

5-HT5BR Serotonin receptor subtype - 5B 

5-HT6R Serotonin receptor subtype - 6 

5-HT7 or 5-HT7R Serotonin receptor subtype - 7 

5-HT1A-5-HT1A Homodimer of serotonin receptor subtype - 1A 
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mGluR5 Metabotropic glutamate receptor 5 

β2AR, β1AR human β2-adrenergic receptor, β1-adrenergic receptor 

hA2AR human A2A crystal structure  

CBRs Cannabinoid receptors  

CCM Consensus Cholesterol Binding Motif  

4GPO Oligomeic Turkey Beta1-Adrenergic G Protein-Coupled 

Receptor 

1N3M Theoretical model of Rhodopsin Oligomer 

ADME Adsorption, Distribution, Metabolism and Excretion 

3D4S Cholesterol bound human β2-Adrenergic Receptor 

2RH1 human β2-adrenergic receptor 

1F88 Bovine Rhodopsin 

CA cornu Ammon 

CA1 cornu Ammon 1 

CA3 cornu Ammon 3 

Lys Lysine 

Cys Cysteine 

D, Asp Aspartic acid 

E, Glu Glutamic acid 

R, Arg Arginine 

Y, Tyr Tyrosine 

W, Trp Tryptophan 

P, Pro Proline 

N, Asn Asparagine 
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Val Valine 

Thr Threonine 

Ile Isoleucine 

Ser Serine 

Gln Glutamine 

MAOI Monoamine Oxidase Inhibitor 

TCA Tricyclic Antidepressant 

FDA Food and Development Administration 

ADHD Attention Deficit Hyperactivity Disorder 

OCD Obsessive Compulsive Disorder 

MDD Major Depressive Disorders 

DAS Depression, Anxiety and Stress 

HPA Hypothalamic-Pituitary-Adrenal 

DSM Diagnostic and Statistical Manual 

PTSD Post-Traumatic Stress Disorder 

GAD Generalized Anxiety Disorder 

ACTH Adrenocorticotropic Hormone 

CRF Corticotropic-Releasing Factors 

CRH Corticotropic-Releasing Hormone 

DST Dexamethasone Suppression Test 

mRNA Messenger Ribonucleic Acid 

CORT Corticosterone 

TH Tyrosine Hydroxylase 

FST Forced Swim Test 
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TST Tail Suspension Test 

FT Filed Test 

PMT Plus Maze Test 

BM Biomolecule 

EMA European Medicines Agency 

BFCs Bifunctional Chelating Agents 

DTPA Diethylenetriamine Pentaacetic Acid 

EDTA Ethylenediaminetetraacetic Acid 

DFO Desferrioxamine 

H2DEDPA 6,6'-((ethane-1,2-diylbis(azanediyl))bis(methylene))dipicolinic 

acid 

AAZTA 2,2'-((1,4-bis(carboxymethyl)-6-methyl-1,4-diazepan-6-

yl)azanediyl)diacetic acid 

DOTA 2,2',2'',2'''-(1,4,7,10-tetraazacyclododecane-1,4,7,10-

tetrayl)tetraacetic acid 

TETA 2,2',2'',2'''-(1,4,8,11-tetraazacyclotetradecane-1,4,8,11-

tetrayl)tetraacetic acid 

NOTA 2,2',2''-(1,4,7-triazonane-1,4,7-triyl)triacetic acid 

THF Tetrahydrofuran 

CH3OTf Trifluoromethanesulfonate or triflate 

SB-269970 3-[(2R)-2-[2-(4-Methylpiperidin-1-yl)ethyl]pyrrolidin-1-

yl]sulfonylphenol 

LATUDA Trade name of Lurasidone 

11C-PIB N-Methyl-[ 11C]-2-(4’-methylaminophenyl)-6-

hydroxybenzothiasole 
11C-PMP 1-[11C]methylpiperidin-4-yl propionate 

11C-NMSP 3-N-[11C]Methylspiperone 
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11C-WAY100635 [11C]N-(2-(4-(2-methoxyphenyl)-1-piperazin-1-yl)ethyl)-N-(2-

pyridyl)cyclohexanecarboxamide 

11C-MPEP 2-[11C]Methyl-6-(2-phenylethynyl)pyridine 

15R-11C-TIC (15R)-16-m-[11C]tolyl-17,18,19,20-tetranorisocarbacyclin 

methyl ester 

11C-85380 3-[2(S)-2-Azetidinylmethoxy]pyridine 

8-OH-DPAT 7-(Dipropylamino)-5,6,7,8-tetrahydronaphthalen-1-ol 

DR-4004 1-[4-(4-Phenyl-3,6-dihydro-2H-pyridin-1-yl)-butyl]-2a,3,4,5-

tetrahydro-1H-benzo[cd]indol-2-one 

SB-269970 (R)-3-[2-[2-(4-Methylpiperidin-1-yl)ethyl]pyrrolidine-1-

sulfonyl]phenol hydrochloride 

SB-258741 R‐(+)‐1‐(toluene‐3‐sulfonyl)‐2‐[2‐(4‐methylpiperidin‐1‐
yl)ethyl]pyrrolidine 

SB-656104 6-((R)-2-{2-[4-(4-Chloro-phenoxy)-piperidin-1-yl]-ethyl}-

pyrrolidine-1-sulphonyl)-1H-indole hydrochloride 

LP-44 4-[2-(Methylthio)phenyl]-N-(1,2,3,4-tetrahydro-1-naphthalenyl)-

1-piperazinehexanamide hydrochloride 

NAN-190 1-(2-methoxyphenyl)-4(4-(2-phtalimido)butyl)piperazine 

F-15599 3-chloro-4-fluorophenyl-(4-fluoro-4([(5-methyl-pyrimidin-2-

ylmethyl)-amino]-methyl)-piperidin-1-yl)-methanone 

F-13640 (3-chloro-4-fluoro-phenyl)-[4-fluoro-4-{[(5-methyl-pyridin-2-

ylmethyl)-amino]-methyl}piperidin-1-yl]methanone 

F-13714 3-Chloro-4-fluorophenyl-(4-fluoro-4-[[((5-methyl-4-

methylamino-pyridin-2-ylmethyl)-amino]-methyl]-piperidin-1-

yl)methanone 

PRX-00023 N-[3-[4-[4-(cyclohexylmethylsulfonylamino)butyl]piperazin-1-

yl]phenyl]acetamide 

WAY-101405 (R)-N-(2-methyl-(4-indolyl-1-piperazinyl)ethyl)-N-(2-

pyridinyl)-cyclohexane carboxamide  

WAY-100135 3-[4-(2-Methoxyphenyl)piperazin-1-yl]-2-phenyl-N-tert-butyl-

propanamide dihydrochloride 
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SRA-333 4-cyano-N-[(2R)-2-[4-(2,3-dihydro-1,4-benzodioxin-5-

yl)piperazin-1-yl]propyl]-N-pyridin-2-

ylbenzamide;hydrochloride 

p-MPPF 4-Fluoro-N-(2-(4-(2-methoxyphenyl)-1-piperazinyl)ethyl)-N-2-

pyridinylbenzamide 

p-MPPI 4-Iodo-N-[2-[4-(2-methoxyphenyl)piperazin-1-yl]ethyl]-N-

pyridin-2-ylbenzamide 

NAN-190 1-(2-Methoxyphenyl)-4-(4-phthalimidobutyl)piperazine 

hydrobromide 

NAD-299 (3R)-3-(Dicyclobutylamino)-8-fluoro-3,4-dihydro-2H-1-

benzopyran-5-carboxamide hydrochloride 

LY-426965 (2S)-1-Cyclohexyl-4-[4-(2-methoxyphenyl)-1-piperazinyl]-2-

methyl-2-phenyl-1-butanon 

MP-3022 4-(3-(Benzotriazol-1-yl)propyl)-1-(2-methoxyphenyl)piperazine 

(S)-UH-301 (S)-5-fluoro-8-hydroxy-2-(dipropylamino)-tetralin [(S)-UH-301 

BMY-7378 8-[2-[4-(2-methoxyphenyl)piperazin-1-yl]ethyl]-8-

azaspiro[4.5]decane-7,9-dione 

LP-211 N-[(4-cyanophenyl)methyl]-6-[4-(2-phenylphenyl)piperazin-1-

yl]hexanamide   

UCM-5600 1-[5-(4-phenylpiperazin-1-yl)pentyl]benzo[cd]indol-2-one   

LP-12 6-[4-(2-phenylphenyl)piperazin-1-yl]-N-(1,2,3,4-

tetrahydronaphthalen-1-yl)hexanamide  

CW ClustalW 

PSTA Prime-Single Template Alignment 

KB Knowledge Based 

EB Energy Based 

SGB Surface Generalized Born 

PDB Protein Data Bank 

LIDs Ligand Interaction Diagrams 
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RMSD Root Mean Square Deviation 

RMSF Root Mean Square Fluctuation 

SSEs Secondary Structure Elements 

TMS Tetramethylsilane 

MBAE Multi-Ligand Bimolecular Association with Energetics 

NVT Constant Temperature and Volume 

NPT Constant Temperature and Pressure 

ITLC Instant Thin Layer Chromatography 

HPLC High Performance Liquid Chromatography 

MTT 3-(4,5-Dimethylthiazol-2-Yl)-2,5-Diphenyltetrazolium Bromide 

PAW Pyridine/Acetic acid/Water 

DMEM Dulbecco's Modified Eagle's Medium 

HEPES 2-[4-(2-hydroxyethyl)piperazin-1-yl]ethanesulfonic acid 

α-MEM Minimum Essential Medium 

PBS Phosphate Buffer Saline 

FBS Fetal Bovine Serum 

HEK-293 Human Embryonic Kidney Cells 

RBCs Red blood cells 

OD Optical Density 

BALB/c Albino, Laboratory-bred strain of the house mouse 

CPCSEA Committee for the Purpose of Control and Supervision of 

Experiments on Animals 

IAEC Institutional Animal Ethics Committee 

BRIT Board of Radiation and Isotope Technology 

DAE Department of Atomic Energy 
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