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Abstract 

 

This study was undertaken to develop the novel radiopharmaceuticals for cancer 

diagnosis, sentinel lymph node detection (SLND), and brain imaging. 

Biomolecules have great importance in living systems. Significantly, developed 

pathway is available for transport and utilization of biomolecules and by taking 

the advantages of these naturally developed pathways. In this study, the 

biomolecules like triglycine, 1-azido-1-deoxy-β-D glucopyranoside and folate 

azide were utilized for various medicinal applications. Biomolecule conjugates 

were developed by using click chemistryand cyclopentadienyl chemistry (Cp) 

approach. The complexes were characterized by using various 

spectrophotometric techniques. By using the [99mTc(H2O)3(CO)3]+ core, 

biomolecule conjugates were radiolabeled and evaluated as potential 

radiopharmaceuticals for diagnostic study. The biodistribution of [99mTc(CO)3-

click-1-azido-1-deoxy-β-D glucopyranoside] and [99mTc(CO)3-folate azide] 

complexes present them as potential tumor scintigraphic agents. 

 

Second approach for cancer diagnosis was to radiolabel the anticancer drugs, 

e.g., 5-fluorouracil and methotrexate with technetium-99m  (99mTc) and evaluate 

them as potential tumor diagnostic agents. Normal biodistribution and tumoral 

uptake was studied in Swiss webster mice. The results suggest that they might 

be sucessful tumor diagnostic agents for future use. 99mTc-5-flurouracil was also 

applied to the breast cancer patients after getting approval from local ethical 

committee of INMOL. The sucessful uptake of the drug in tumor tissues with low  

background ratio presents this drug as a sucessful cancer diagnostic agent. 

 

Sentinel Lymph Node Detection (SLND) is of great importance for early stage 

diagnosis of cancer. All sentinel lymph node imaging agents were studied for 

their uptake in various body organs, popliteal node, iliac node and popliteal 

extraction.In this study, we developed rhenium sulfide collidal nanoparticles and 



Abstract 

 
 

xix

radiolabeled them with 99mTc. The sucessful uptake of the drug in sentinel node 

within 15 min of post injection, presents it as a sucessful candidate for sentinel 

lymp node detection. Various dextran derivatives were radiolabeled with 
99mTc(CO)3 and studied for sentinel lymph node detection. The drugs reached the 

first node within 10 min of post injection. DPZM-8 was the most successful 

candidate for sentinel lymph node detection among all dextran derivatives 

studied, so far.  

 
99mTc-labeled amine thiophene and 99mTc(CO)3-Cp-triglyicne were evaluated as 

potential brain imaging agents. Amine thiophene is a schiff base which was 

directly labeled with 99mTc while Cp-triglycine is a biomolecule conjugate which 

was radiolabeled with 99mTc via isolink kit. Normal distribution study in rabbits 

suggests them as successful candidates for brain scintigraphy. 
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CHAPTER – 1 

INTRODUCTION 

 

1.1 Nuclear medicine 

 

“Nuclear Medicine is a specialized area of radiology that uses very small 

amount of radiopharmaceuticals to examine organ function and structure1”. 

 

Nuclear Medicine has a great importance for the cancer diagnosis. It helps to 

non-invasively monitor the biological process by delivering the trace amount of 

radiopharmaceutical to the targeted area and measuring the radioactivity 

concentration in respective tissues or by means of imaging2.  

 

Most of the diagnostic cases of nuclear medicine are different from anatomical 

imaging like MRI and CT scan. The nuclear medicine diagnostic procedure 

primarily involves the study of physiological function of the system. The major 

advantage of using nuclear medicine diagnostic procedure is that very low 

concentration (picomolar) of a radiotracer provides a measurable signal.   

 

Nuclear Medicine has been used for both diagnosis and therapy of cancer. 

Radionuclides used in nuclear medicine for diagnosis are usually gamma 

emitters, while the beta particles are used in therapeutic applications because of 

their cell-damaging properties. Table 1.1 shows few examples of common 

isotopes used in nuclear medicine for the diagnosis and therapy of various 

diseases. 

 

The radiation dose which a patient receives is in such a small quantity that it may 

not induce any risk of cancer or other disease. 
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Table 1.1 Radionuclides used in nuclear medicine 

 

Radionuclide t1/2 

Mode 

of 

decay 

Source of 

 production 

Application 

Iodine-123 13.3 h EC cyclotron Thyroid imaging 

Iodine-131 8.02 d β- reactor therapy 

Technetium-99m 6.01 h IT generator imaging 

Gallium-67 3.26 d EC cyclotron imaging 

Gallium-68 1.8 h β+ cyclotron imaging 

Copper-64 12.7 h β+ cyclotron Imaging, therapy 

Krypton-81m 13.1 s IT generator imaging 

Rubidium-82 1.27 min EC generator imaging 

Fluorine-18 110 min β+ cyclotron  imaging 

Indium-111 2.80 d EC cyclotron imaging 

Xenon-133 5.24 d β- reactor imaging 

Thalium-201 3.04 d EC cyclotron imaging 

Rhenium-186 3.7 d EC cyclotron, reactor Bone pain palliation 

Rhenium-188 0.7 d β- generator, reactor therapy 

Yttrium-86 14.7 h β+ cyclotron imaging 

Yttrium-90 2.67 d β- generator, reactor therapy 

Lutetium-177 6.7 d β- reactor therapy 

Samarium-153 1.9 d β- reactor therapy 

Promethium-149 `2.2 d β- reactor therapy 

 

 

Nuclear medicine involves three stages during scan of patients. 

 radiotracer administration 

 Scanning 

 Interpretation of scanned image  
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The interval between the administration of radiolabeled drug and scanning 

depends on the type of procedures and the tissue being studied. The time 

required for scan may vary from few minutes to hours. The degree of versatility, 

specificity and density of accumulation of radiopharmaceutical gives nuclear 

medicine a promising prospect in future diagnosis and therapy of cancer. 

 

1.2 Radiopharmaceuticals 

 

Radiopharmaceuticals are radioactive radioisotopes tagged with organic 

compounds that are used for the diagnosis and therapeutic treatment of 

diseases. 

 

95% radiopharmaceuticals are used in diagnosis and rest are used in therapeutic 

treatment of the diseases3,4. In current investigations majority of the development 

of cancer imaging agents mostly use biomolecules as carrier with radioactive 

tracer which reaches the target tumor sites. Radiopharmaceuticals provide us 

significant information about the molecular biology of the tumor by measuring 

several causal factors of the tumor.  

 

Radiopharmaceuticals are administered to the patient by different ways. Like 

intravenous or intradermal injection in colloidal or solution form, orally by 

combining with food, inhalation as a gas or aerosol, or in very few cases, the 

injection of a radiopharmaceutical that was undergone micro-encapsulation. 

Sometimes treatment involves the radio labeling of patient’s own blood cells with 

the radiotracer (leukocyte scintigraphy and red blood cell scintigraphy).  

 

1.3 Cancer Diagnosis 

 

Cancer is the disease in which various changes occurred in gene expression. 

The characteristic that differentiates malignant cancer from benign tumor is the 

ability to invade and spread to local regional lymph nodes and also metastasize 
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to distant organs in the body. According to the clinical point of view, cancer 

seems to be various different diseases having different phenotypic 

characteristics5. The event that turns a normal cell of the body in a cancer cell is 

complex multistep process. Clinically, it is a large group of diseases that vary at 

the stage of their onset, state of cellular differentiation, metastatic potential, rate 

of growth, diagnostic detect ability, response to treatment, invasiveness, and 

prognosis5. 

 

Cancer is one of the major health and social issue from last few decades. 

Nuclear medicine application in oncology is significant for diagnosis and therapy. 

Novel tumor targeting radiopharmaceuticals is the field of interest for researchers 

for imaging and therapy. In tumor imaging diagnostic effect is due to absorption 

of gamma radiation emitted by radionuclide while in case of therapy, damaging 

properties of alpha and beta radiations are used. The successful 

radiopharmaceuticals convey quantitatively the radioactive nuclide to the tumor 

tissue and avoid the radiation exposure to the normal tissues6. 

 

Now oncology patients receive better treatment and care than patients of past 

generations7. Many diagnostic techniques are now used for diagnosis of cancer 

such as CT scan, MRI, endoscopy, X-rays, biopsy, fine needle aspiration, 

mammography, ultra sound and nuclear medicines. Cancer is suspected on the 

base of person’s symptoms or some times by screening tests. When the cancer 

is diagnosed, it is staged. Staging is the way which tells us how advance is the 

cancer, how much it gets spread to neighboring lymph nodes, tissue, and various 

organs. Here we briefly discuss the techniques used for cancer diagnosis. 

 

1.3.1 CT Scan 

CT scan is usually the first diagnostic imaging procedure. It is the special X-ray 

test that produces cross-sectional body image by using X-rays and a computer. It 

helps to detect the tumor along with its exact location and size. 
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1.3.2 Magnetic resonance imaging (MRI) 

MRI uses magnetism to build up the picture inside the body. It can produce much 

clearer images than CT scan of some body parts. MRI is good for bone tumors, 

brain tumor, soft tissue and for tumor affecting spinal cord. For some types of 

cancers like cervix and bladder cancer MRI give better results than CT scan. It 

also helps in staging the cancer. 

 

1.3.3 Endoscopy 

Endoscopy means looking inside the body and this test is used to look inside the 

body for medical reason. It consists of a long flexible tube that is swallowed 

having the camera and light inside it. Endoscopes are also used for the removal 

or destroying of small cancers. It can be used to cut out small growths. In some 

types of endoscopy, some tools are used such as cautery and laser to vaporize 

or burn growths. 

 

1.3.4 Biopsy 

Biopsy is the process in which cells or tissues are removed from the concerned 

part of the body for analysis in a laboratory for determination of the presence, 

absence or extent of the disease. These tissues are examined by pathologist 

under microscope. For the most of cancers, the most definitive diagnosis is 

possible by using biopsy to collect cells for closer examination. Various types of 

biopsy procedures are used for diagnosis of cancer depending on the type of 

cancer; these include Needle biopsy, CT-guided biopsy, Ultrasound-guided 

biopsy, Bone biopsy, Bone marrow biopsy, Liver biopsy, Kidney biopsy, 

Aspiration biopsy, Prostrate biopsy, Skin biopsy, Surgical biopsy. 

 

1.3.5 Fine needle aspiration 

Fine needle aspiration (FNA) is the procedure that is used for the investigation of 

superficial lumps or masses. Needle used for FNA is of same size that is typically 

used in injection. For FNA, needle is inserted into a tumor or lump and cells are 

drawn up into the needle by aspiration which is then examined in laboratories. 
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Most of the tumors deep inside the bodies like lungs, pancreas, liver and thyroid 

can be treated with FNA and prevent patient from major surgery. The 

significance of using FNA over open surgical biopsy is that, FNA is less traumatic 

and much safer than open surgical biopsy. 

 

1.3.6 Mammography 

Mammography is the process in which low dose X-rays are used for screening of 

human breast. It helps in early stage detection of breast cancer. High-quality 

mammography is the most effective screening tool for the early stage diagnosis 

of the breast cancer. Mammographic technique helps to detect the small 

abnormal tissue growths or tumor in the milk ducts of the breast. The early stage 

tumors cannot harm patients if they are removed at initial stage and 

mammography is proven to be the reliable method for the detection of these 

tumors from invasive ductal to invasive lobular cancer. There are few reports of 

risk factors that are involve in mammography i.e., Radiations from 

mammography camera poses significant cumulative risks of breast cancer.8-10 

 

1.3.7 Radiotracer technique 

Radiotracer technique deals with the medical imaging by using radioisotopes. It 

relies on the radioactive decay in diagnosis and therapy of diseases. It is helpful 

in Staging and restaging of cancer for treatment planning. Nuclear medicine non-

invasively provides treatment for diseases4.  

Scientists are making intense scientific efforts for understanding the cancer and 

discovering the newer methods for diagnosis and treatment of cancer. More and 

more new techniques are developed for early stage diagnosis and therapy of 

cancer and these efforts significantly reduce the rate of mortality due to cancer. 

 

1.4 Significance of technetium-99m in diagnosis of cancer 

Technetium-99m is a metastable  isomer of technetium-99. This metastable 

nuclear isomer of technetium-99 does not change into another element on 

transmutation. Molybdenum-99/Technetium-99m generator is used to extract the 
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metastable isotope of technetium from decaying source i.e., molybdenum-99. 

Most of the commercial generators used column chromatography. Molybdenum-

99 as molybdate, MoO4
2- adsorbed on to the alumina.By beta decay 99Mo 

forms pertechnetate. By normal pulling of saline solution immobilized99Mo elutes 

soluble 99mTc as sodium pertechnetate.  

 

 
 

 

During isomeric transition99mTc decays to form 99Tc with monoenergetic gamma 

emission. 

 
 

80% of the radiopharmaceuticals used for diagnosis are tagged with technetium-

99m because of its highly favorable radiation and physical characteristics. Six 

hours half-life and small amount of electronic emission allow the administration of 
99mTc radioactivity in millicurie amounts, without significant radiation dose to the 

patient. The monochromatic photons of 140-kev are collimated to produce 

images of high spatial resolution3. Many efforts have been made to develop 

diagnostic radiopharmaceuticals of technetium-99m because of its superior 

medico-imaging characteristics11,12. As the complexes having small size are 

significant for the retention of bioactivity13, one of the tactics in the investigation is 

to explore novel pharmaceutical with small size, multifunctional ligands that 

possess specific bioactivities.  The technetium-99m is used only for the 

diagnostic nuclear medicine imaging procedures; it is not involved in any 

therapeutic procedures. The flow sheet diagram given below represents the 

diagnostic radiopharmaceutical formulation and application. 
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Fig. 1.1 Flow sheet of diagnostic radiopharmaceutical formulation and 

application. 
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Information about few 99mTc radiopharmaceuticals used in the imaging of various 

organs14 is given in the Table 1.2.  

 

Table 1.2 99mTc radiopharmaceuticals used for diagnosis of various 

organs. 

           Name Investigation Route of 

administration 

99mTc-pertechnetate Thyroid imaging, Stomach and 

salivary gland imaging, Meckel's 

diverticulum imaging 

Intravenous 

99mTc-Human albumin 

 macroaggregates  

Lung perfusion imaging Intravenous 

99mTc-MDP 

(methylenebisphosphonate) 

Bone imaging Intravenous 

99mTc-Pyrophosphates Myocardial imaging Intravenous 

99mTc-DTPA (diethylenetri 

aminepenta-acetic acid) 

Renal imaging 

Brain imaging 

Intravenous 

99mTc-DTPA vapors 

(diethylene triamine pentaacetic 

acid) 

Lung ventilation imaging Aerosol 

inhalation 

99mTc-DMSA(V) (dimercapto 

succinic acid) 

Kidney tumor tumor imaging Intravenous 

99mTc-DMSA(III) (dimercapto 

succinic acid) 

Renal imaging Intravenous 

99mTc-Sn-Colloids Bone marrow imaging Intravenous 

99mTc- Rhenium sulfide Colloids Lymph node imaging Interstitial 

99mTc-sulphur Colloids Liver/spleen imaging Intravenous  

99mTc-HIDA (Hepatic 

iminodiacetic acid) 

Functional biliary system imaging Intravenous 

99mTc-MAG3 (mercapto 

acetyltriglycine) 

Renal imaging 

 

intravenous 

99mTc-HMPAO (Hexamethyl-

propylene amine oxime) 

Cerebral blood flow imaging Intravenous 
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99mTc-HMPAO (Hexamethyl-

propylene amine oxime) labeled 

 leucocytes 

Infection/inflammation imaging Intravenous 

99mTc-Sestamibi imaging, Thyroid tumor imaging, 

Breast tumor imaging, Myocardial 

imaging 

Intravenous 

99mTc-Technegas Lung ventilation imaging Inhalation 

99mTc-Tetrofosmin Parathyroid imaging, Myocardial 

imaging 

Intravenous 

99mTc-ECD(ethylcysteinate 

dimer) 

Brain imaging Intravenous 

 

1.5 Role of biomolecules in cancer diagnosis 

 

Aim of medicinal chemistry in the field of research is to synthesis compounds 

during the process of drug discovery and for this purpose scientists have to adapt 

such synthesis methods which are helpful in rapid synthesis of molecules. The 

rapid synthesis methodologies allowed the medicinal chemist to develop such 

compounds which are biologically active.  Also the drug should exhibit the key 

features of successful pharmaceutical such as versatility, efficiency and 

selectivity15. 

 

Oncologists are struggling to discover new simple tools that have the potential to 

diagnose and treat at early stage of tumor development16. Radiopharmaceuticals 

are used to achieve this goal. Radiopharmaceuticals are the drugs that are 

labeled with radioisotopes. They deliver very small doses of radiation to the 

targeted sites in the body. They are highly specific against malignant cells 

including antibodies, proteins, peptides, polysaccharides, folates or synthetic 

copolymers are being used as biomolecules because they accumulate in tumor 

tissues17. In this research project we developed radiopharmaceuticals by using 

biomolecules for cancer diagnosis.  
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1.5.1 Peptide-linked radiopharmaceuticals 

Peptides are the amino acids linked by peptide bond, composed of approximately 

less than 50 amino acids, B5500 Da. The string of 100 amino acids or more are 

called protein18,19. Peptides have broad range of biological activity, availability in 

high amount and favorable pharmacokinetics behavior (maximum up take in 

targeted tissue, rapid clearance from non-targeted areas and blood). In contrast 

to monoclonal antibodies, automated peptide synthesizing techniques allow 

peptides to be produced easily and inexpensively20,21. 
 

Peptides are used in radiopharmaceuticals as biomolecules to deliver drug to the 

tumoral cells for diagnosis or therapy.  99mTc-labeled peptides are important class 

of radiopharmaceuticals used for diagnosis of various types of cancer. Of the 

particular interest are 99mTc-labeled chemotactic peptides22-26 small peptides 

based on platelets factor427 and tuftsin receptor antagonists28,29 for imaging focal 

sites of infection, somatostatinanalogs for imaging tumors30-32 and platelet 

glycoprotein IIb/IIIa(GPIIb/IIIa) receptor antagonists for imaging  thrombi33-35 

 

Radiolabeling of peptides is stemmed from the studies of radiolabeled antibodies 

for imaging and therapy of tumors. 99mTc-labeled peptides are important for 

detection of not only tumors but also for the thrombosis and 

infection/inflammation. The development of new 99mTc-labeling techniques of new 

biologically active peptides with high binding affinities has great importance36. 

 

Peptide hormones are the organic substances that are easily diffusible and have 

wide range of receptor-mediated actions. They are made up of different amino 

acids, which are linked through resonance stabilized amide bond37,38. Most of the 

peptide hormones performed various functions in the living beings as endogenic 

ligand through various receptors that are usually belongs to G-protein coupled 

receptors39.  
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Receptors on the surface of tumor cells are specific for various types of cancers 

(prostate cancer,breast cancer etc.) and they are selective for specific bioactive 

peptides. The application of radiolabeled peptides as diagnostic and therapeutic 

agents started when the expression as well as the over expression of the number 

of various receptors of regulatory peptides was proven in human tumor39. 

 

Small sized peptides are now preferred over higher molecular weight antibodies 

and proteinfor tumor diagnosis because of their highly favorable 

pharmacodynamic characteristics40. Peptides get penetrate into the tumor tissues 

more easily and they have high binding affinities, which are comparable with 

antibodies18. 

 

Most of the naturally occurring peptides exhibit extremely high affinities for cell-

surface receptors. The successful development of new radiolabeled receptor-

binding peptide analogs are thus dependent on the molecular modifications of a 

given natural peptides while preserving the original binding affinity for the target 

receptors18. 

 

Small size of peptides help its attachment withprosthetic group, bulky chelating 

agents or addition of a radioisotope may enhance the binding affinity and 

pharmacodynamics properties of a peptide40,41,42. So the selection of a suitable 

chelating agent and site-specific radiolabeling is significant for radiolabeling with 

the desired radionuclide42.The application of peptides as diagnostic and 

therapeutic agent was started when expression and over expression of different 

receptors for regulatory peptides was proven in human tumor43. 

 

The first peptide hormone tested for clinical study was 123I-octreotide44,45. More 

than 40 years ago, resin based peptide synthesis was first described by Nobel 

laureate Bruce Merrifield46. Although the use of radiolabeled peptides for imaging 

and therapy got interest only a decade ago when a somatostatin analog(1.5kDa) 

i.e., a small radiolabeled peptide appeared as an alternative to radiolabeled 
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antibodies47,16. These novelmethods also enhance the commercial synthesis of 

such molecules and provided strong resources to the Nuclear Medicine 

community. 

 

Research deals with the development of potential analogs of various peptide 

hormones.  Binding affinity, binding selectivity, stability, internalization and tumor 

uptake of the peptide hormones are studied to obtain optimal tumor to 

background ratios. Peptide radiolabeling establishes the new ways in nuclear 

medicine for imaging and therapy treatment of most diverse types of cancer48,49.  

 

Wide range of peptides is now availablewhich has high affinity for specific 

receptors that are over expressed in tumor cell types. There are about 850 well-

characterized endogenous peptides and their analogs that are used for intended 

applications43. Here selected list of peptides, their function and target cells are 

given in Table 1.3.  

 

Peptide approach in nuclear medicine is a most promising field50. Regulatory 

peptides act on multiple targets in human body at extremely low concentrations51. 

Theses peptides having the target not only gastrointestinal tract and brain but 

also the endocrine system, lungs, kidneys, immune, vascular and peripheral 

nervous system52. So these regulatory peptides modulate and control all 

metabolic process and organs. They show action through G-protein-coupled 

receptors that are membrane-bound receptors53,54. General features of few 

regulatory peptides are shown in Table 1.4. 

 

Radiolabeling of peptide with 99mTc may be done by direct labeling or inclusion of 

chelating moiety into the peptide structure55-59. Labeling with chelator helps in the 

synthesis of number of 99mTc-peptide complexes with broad range of biological 

characteristics. It also decreasing the chance of nonspecific labeling of low 

affinity sites and minimizes the number of radiochemical species generated. 

However structural modification is difficult for conjugated peptides. 
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Table 1.3 List of peptides, their function and target cells 

 

Peptide Function Target disease/receptor 

Bombesin  

CNSb & GI tract activity 

Suppresses feeding in rats 

Glioblastomas, SCLC, 

prostate, breast, gastric, colon 

and pancreatic CA 

CCK-Bc/gastrin  

Gallbladder 

contraction/acid secretion 

SCLC, GI tumors, ovarian 

cancer, medullary thyroid, 

homology to VIP receptors 

Epidermal 

growth factor 

 

Growth promoter 

 

Breast CA 

Gastrin 

releasing 

peptide 

 

Gastrin secretion 

GRP/neuromedin B, see 

Bombesin 

a-MSH Regulation of skin pigment Melanoma cells 

Somatostatin & 

analogs 

 

Growth hormone release 

inhibiting factor 

 

Neuroendocrine, SCLC, breast 

CA, lymphocytes, subtypes 15 

 

VIP 

 

Vasodilator,growth 

promoter, 

immunomodulator 

 

Subtypes 1 & 2, epithelial 

tumors, Colon cancer, breast 

cancer, pancreatic cancer, 

nSCLC, bladder, prostate and 

ovarian cancer 
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Table 1.4 General properties of various regulatory peptides 

 

Name   Abbrevi
-ation  

No. of 
Amino 
acids  

Receptors 
  

Biological effects 

Somatostatin SST 14 or 28 sst1,sst2A,sst2, 
sst3, sst4, 
 sst5  

Neurotransmitter in   the 
brain, inhibition of 
physiological & tumorous  
release of growth 
hormone 
 

Vasoactive 
intestinal peptide 

VIP 28 VPAC1, 
VPAC2 

Vasodilation, secretion of 
various hormones and 
regulation of water and 
electrolyte. Secretion in 
gut. 

Bombesin BN 14 BB1,BB2, 
BB3,BB4, 

Gut hormone release 

Gastrin releasing 
Peptide 

GRP 27 BB2(GRP-R) Gut hormone release 

 Neurotensin NT 13 NTR1, NTR2, 
 NTR3 

Neurotransmissio, 
vasoconstriction 

-Melano-cyte 
stimulating 
hormone 

-MSH  13 -MSH-R melanogenesis 
 

Calcitonin CT 32 Calcitonin-R calcium homeostasis 

Cholecystokinin CCK 8,33,39  
or 58 

CCK1, CCK2 
exocrine pancreatic 
Secretion  

Neuropeptide Y NPY  Y1, Y2, Y5

  
induction of food intake,  
inhibition of anxiety 

 

1.5.2 Folate-linked radiopharmaceuticals 

Folic acid is involved in diverse processes during cell proliferation and therefore 

plays significant role in the tumors growth. It is made up of“pteroic acid and 

glutamic acid” connected through an amide linkage (Fig.1.2). Both α- and γ-

carboxyl groups of glutamate moiety are available for the reaction with any 

functional ligand or specifically an amino-group.Many studies have been 

conducted on the derivatization of γ-carboxyl group of glutamate moiety of folic 

acid 60. 
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Fig. 1.2 Folic acid 

 

Folate conjugates of chemotherapeutic agents61,62, antisense oligonucleotides 

and ribozymes63,64, proteins and protein toxins65-67, immunotherapeutic 

agents68,69 as well as liposomes with entrapped drugs70-72, plasmids73-75 and 

radiopharmaceutical agents60,76-78 have been synthesized and successfully tested 

in cancer cells over expressing the folate receptors on their surface. 

 

Various cancers over-express the cell membrane receptor known as folate 

binding protein (FBP). These receptors are involved in folate uptake by 

endocytosis. This folate receptor (FR) represents a molecular tumor marker for 

selective delivery of bioactive agents, since it is over expressed on a wide variety 

of cancers, but highly restricted in most normal human tissues79,80.Folate 

receptor expressed on the tumor surface offers the dual advantage of localizing 

tumors by non-invasive imaging and also treating them. Folate-conjugates of 

diagnosis and radiotherapeutic agents have been successfully used in tumor-

bearing mice and are well documented. They include a variety of agents such as 
111In diethylene triamine pentaacetic acid (DPTA-folate), a 99mTc-based folate 

conjugate (99mTc-EC20), 99mTc-6-hydrazinonicotinamido-hydrazido (HYNIC-

folate), 99mTc-DPTA-folate, 99mTc-(CO)3-DPTAfolate, deferoxamine(DF)-folate 

conjugates labeled with 67Ga (67Ga-DF-folate)81-89.  
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The folate radiopharmaceuticals have been delivered to the patients 

intravenously. They show rapid clearence from the circulation in an 

unmetabolized form, specifically present in urine and they do not retained by 

non-target tissues except kidney82. Studies using DPTA-folate in women 

suspected to have ovarian cancer were very promising and proved to be safe. It 

was shown that the folate-conjugates aggregate in the abdominal malignant 

tumor mass after 4h of administration, without retention in other organs, except 

for liver and kidneys in some individuals. It was also possible to distinguish 

between benign and malignant tumor masses by scintigraphic imaging using 

DPTA-folate90,91. 

 

Folate receptor α (FRα) is a“glycosyl phosphatidyl-inositol-linked protein” over 

expressed in several epithelial malignancies, including ovarian, renal, lung, and 

breast cancers92. Several radiolabeled folate analogues are currently under 

preclinical and clinical investigation for potential application in diagnostic nuclear 

medicine78,82,85,86,93,94. The function of FRα in tumors is not clear, in the brain, it 

concentrates folate in cerebrospinal fluid95, in kidney it serves as salvage 

receptor  of high-affinity that retrieves folate from the filtrate and returns it via 

transcytosis to the blood96, expression of FRα in normal tissues is restricted to 

the apical surfaces of polarized epithelial cells97, where it is not exposed to the 

blood stream. Folate receptorsα allows internalization of folic acid that has been 

conjugated to low molecular weight proteins or nanoparticles98. Such property 

has application for targeting of cytotoxic viruses, chemotherapeutic drugs, or 

imaging agents to FRα-expressing cells99. 
 

Expression of FR on cancer cells may enable the cancer cells to compete more 

aggressively for the low folate concentrations (~2×10-8M) that are normally found 

in human serum and extracellular fluids100.  Because folate is needed for the 

synthesis of nucleotide bases, and also rapidly dividing cells require nucleotide 

bases to replicate their DNA, so the malignant cells that do not express FR may 
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up regulate their expression of the reduced folate carrier to acquire their required 

amounts of the vitamin.  
 

99mTc based folate radiotracer is an attractive method of imaging FR-positive 

cancer and malignant tissues. Folate receptor (FR) represents a promising 

molecular tumor marker for selective delivery of bioactive agents. The potential of 

the folate receptor for tumor targeting encourage us to develop and evaluate a 

novel organometallic 99mTc-folate radiopharmaceutical for diagnosis of FR-

positive tumor101. 
 

1.6 5-Fluorouracil and Methotrexate 

 

5-Fluorouracil is a chemotherapeutic drug which is usually used to treat various 

types of cancer such as skin, colon, head, gullet (esophagus), bowel, neck, 

breast and stomach cancer. It belongs to the anti-metabolite class of 

chemotherapy drugs. It interferes with cells that are involved in making DNA and 

RNA, and stops the growth of cancer cells. 

 

5-Fluorouracil and its metabolites have number of various mechanisms of action. 

It inhibits the enzymatic activity of thymidylate synthetase, which is an important 

enzyme for DNA synthesis102. In vivo, 5-fluoruracil get converted into a 5-

fluoroxyuridine monophosphate (F-UMP); that is an active metabolite, which 

replacing uracil, F-UMP incorporates into RNA and inhibits the processing of 

RNA and inhibits the growth of the cells. 5-5-fluoro-2'-deoxyuridine-5'-O-

monophosphate (F-dUMP) is another active metabolite which inhibits thymidylate 

synthase, and cause the depletion of thymidine triphosphate (TTP), which is one 

of the nucleotide triphosphates used in the in vivo DNA synthesis. Other active 

metabolites of 5-fluorouracil incorporate into both DNA and RNA. The 

incorporation of 5-flurouracil into RNA causes major effects on function and 

processing of RNA.  It interferes with the functioning of exosome complex in DNA 

and RNA, thus inhibiting their activity inside the cells. Exosome complex is an 
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exoribonuclease whose activity is significant for the survival of the cell103. 5-

fluorouracil enters the solid tumors through blood supplyand it penetrates via 

extra vascular space and reaches toall the malignant cells in significant 

concentration to causelethal toxicity. The metabolismand diffusionrate of the drug 

through tissues and bindingwith the tissue components affects the drug 

distribution in tumors104-106. Thus, penetrationof 5-fluorouracil as an anticancer 

drug is more limited in tumors than in normal tissues.  

 

5-flurouracil was extensively studied as cancer diagnostic agent. Scientists 

successfully radiolabel 5-fluorouracil with F-18 for a PET study and perform 

diagnostic study on animals as well as on patients107-111. In the present study we 

radiolabeled 5-flurouracil with technetium-99m and performed diagnostic studies 

on animals as well as on patients. 

 

The second anticancer agent that we studied under present work is 

methotrexate. Methotrexate is an antimetabolite of folic acid analog and it is 

commonly known as amethopterin. It is used as an anticancer drug for the 

treatment of various types of cancer, for the induction of medical abortions, 

ectopic pregnancy, autoimmune diseases, antineoplastic agent and  higher 

doses of methotrexate  can produce a therapeutic response in patients with bone 

metastases112,113. Methotrexate inhibits the cell replication, synthesis and 

repairing of DNA. The inhibition occurs due to the irreversible binding of 

methotrexate with dihydrofolate reductase, it inhibits the reduction of 

dihydrofolate to the active tetrahydrofolate. Methotrexate is usually used for 

treatment of cervical, gastric, bladder, neck, lung, esophageal, pancreatic, 

ovarian, colorectal, head, breast and penile carcinoma114. 

 

In this work radiolabeling of methotrexate was designed for diagnosis of different 

types of cancers by developing the protocol for its radiolabeling with technetium-

99m. It might help us to deliver high radiation dose to targeted malignant sites in 

tumor or tissues, while decreased the radiation exposure to healthy cells.  
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1.7 Sentinel lymph node detection 

 

Other than blood circulatory system there is also another circulatory system 

present in vertebrates called lymphatic system. It is the network of conduits, 

lymphoid tissues and lymphatic vessels. Conduits carry lymph that travels 

through on way system lymphatic vessels which allow fallow only towards heart.  

System also includes lymphoid follicles, lymphocytes and lymph nodes. 

 

 

Fig. 1.3 Lymph nodes in human being 

 

Lymph nodes are the immune cells linked by the lymphatic vessels. Human body 

contain 500 to 600 lymph nodes which are distributed throughout the human 

body. Some of the lymph nodes are found as clusters in the groin, underarms, 

abdomen, neck and chest. They have clinical significance but under conditions 

they become inflamed or enlarged which may cause throat infection and 

sometimes cancer.In case of cancer lymph node have significant importance for 

staging the cancer. Sentinel lymph node (SLN) is important because of the 

advent of sentinel lymph node biopsy technique. It is helpful in staging the breast 

cancer. The lymph node metastasis is one of the most significant prognostic 

signs and it can also help the surgeon for the appropriate therapy115. Sentinel 
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lymph node detection have many advantages as it help in decreasing the 

unnecessary lymph node detection and reducing the risk of lymphedema. It is 

mainly used for diagnosis of breast cancer. Sentinel lymph node detection give 

better results if we apply intradermal injection. Intradermal injection have greater 

SLN identification rate with acceptable false-negative rate. This is due to the fact 

that lymphatic network is more closer to the skin116. 

 

The lymphatic network has many advantages over blood circulation system as it 

is a transportation route for tumor cells. Capillaries are wider in size and their 

flow rate is slow as compared to lymph vessels, thus they are helpful in 

maintaining optimal cell viability. Lymph is just like to interstitial fluid and it 

promotes cell integrity. In addition, the lymph node (LN) is an ideal incubator for 

cells because of their long residence times and areas of stagnant fluid, along with 

access to other nodes and eventually to the bloodstream117. For these reasons, 

lymphatic mapping and sentinellymph node (SLN) biopsy are extensively used to 

diagnose and define therapeutic strategy for certain modalities of cancer118. 

 

“Sentinel lymph node detection technique was developed and first reported by 

Mortonet al119 for clinical stage I cutaneous melanoma and hassince been 

validated by independent investigators”120,121. The sentinel lymph node is the first 

node that drains the primary tumor site through specific lymphatic channels. 

Sentinel lymph node detection has great importance in early stage diagnosis of 

cancer .If the sentinel node does not contain tumor metastasis, all other nodes 

should be free of disease as well122. Sentinel nodes can be identified either using 

peritumoral injection of blue dye, which will visually color the first draining node, 

or by peritumoral injection of a radioactive tracer that spreads to the sentinel 

node and can be detected with a gamma probe123. Radioisotopic detection of the 

sentinel lymph node and absence of its metastatic invasion should theoretically 

be predictive of total drainage of the tumor124. 
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The radioguided sentinel lymph node (SLN) mapping125 has evolved into an 

important diagnostic modality for therapeutic guidance of breast cancer. For 

accurate radio localization of the SLN in breast cancer patients, the 

radiopharmaceutical preferentially retained within the first lymph node with low 

distalnode accumulation126.An additional requirement, unique to SLN, is a rapid 

injection site clearance to minimize the confounding effects of shine-through.  
 

99mTc-labeled colloids and vital dyes are commonly used for lymphatic mapping 

in routine clinical practice, which provide radioactive signaling, color identification 

or both via the combined method, such technique decreased the chance of false 

negative results127. 

 

Success rate of SLN detection depends largely on selection of the 

radiopharmaceutical. Particle size and characteristics of their surface could 

enhance the drainage rate of colloid from the site of injection to dermal lymphatic 

capillaries and of phagocytosis by lymph node macrophages128 via universal drug 

based on size of particles will probably never be developed, as lymphatic 

irrigation varies from organ to organ129. 

 

In case of abundant flow large sized particles would be prefered because smaller 

ones would be quickly washed away beyond the sentinel lymph node. 

Conversely, tiny particles are suitable for regions with scant flow130. Research on 

sentinel lymph node (SLN) detection in superficial malignance, such as vulvar 

cancer, breast cancer and malignant cutaneous melanoma, has achieved great 

success131-141. Sentinel lymph node maintained the accurate tumor staging and 

decreased the chances of morbidity, which was associated with surgical 

dissection. Several radiocolloidal nanoparticles such as 99mTc-sulphur collides, 
99mTc-antimonysulfide, 99mTc-dextran, 99mTc-rhenium sulfide have been evaluated 

for sentinel node detection142. The sentinel lymph node is detected by dye or 

radiotracer technique or some time combination of dye and radiotracer is used. 
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1.7.1 Vital dye technique 

Biopsy and mapping of sentinel lymph node (SLN) are now widely used for 

accurate staging of breast cancer and malignant melanoma. In 1992, Morton et 

al.143 reported a dye technique used for negative lymph node patients having 

melanoma by sentinel lymph node biopsy and lymphatic mapping. Before 

selecting the tracer for sentinel lymph node mapping it is important to know the 

characteristic of specific disease or condition. Vital dyes are usually injected at 

the beginning of surgery for visualization of sentinel lymph node in operative 

field144. Many types of tracer dyes for sentinel lymph node mapping are available 

such as methylene blue dye, patient blue 5, isosulfan blue dye, indigo carmine 

dye  and indocyanine green dye.  

 

It has been reported that Isosulfan blue dye may cause some allergic and 

anaphylactic reactions. So to avoid these life threatening allergic reactions 

Indocyanine green dye and indigo carmine dye are mostly used. We can easily 

detect the sentinel lymph node within five to twenty minutes after the peritumoral 

tracer injection by using dye technique145. Methylene blue dye is cheaper than 

isosulfan blue146, it also avoids hypersentivity reaction147 and significant 

complications(except skin nercrosis)148.The results of sentinel lymph node 

mapping achieved by methylene blue are much better than isosulfan blue 

dye146,147,149-153. Like there are few side effects which are associated with 

isosulfan blue dye. Such as discoloration of urine, stool and skin over the 

injection site but these are temporary and benign154. It should be taken under 

consideration that by using dye mapping alone, sentinel node should be detected 

before the dye reaches to nonsentinel lymph node. 

 

There are certain drawbacks associated with vital dyes as they rapidly diffuse in 

to the sentinel lymph nodes of the cervical and abdominal regions during the 

sentinel node biopsy. These dyes are also not visible through intervening tissues 

so they could not help in external detection of the labeled sentinel lymph node. 
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1.7.2 Radiotracer technique 

Nuclear medicine can be regarded as a method in which radiopharmaceuticals 

are applied non-invasively to monitor the biological processes. 

Radiopharmaceuticals are the drugs that are labeled with radioisotopes.  

 

Success in the detection of sentinel lymph node depends on the selection of 

radiopharmaceutical. For this purpose Technetium-99m-labeled colloidal 

particles are currently being used. The ideal properties of the 

radiopharmaceutical for sentinel lymph node detection and gamma probe 

detection in breast cancer includes the particle size and surface characteristics 

(these both can influence the rate of drainage from the injection site to dermal 

lymphatic capillaries155), Rapid clearness of injection site, high uptake in sentinel 

lymph node and also safe radiation exposure to patient and a lack of local or 

systemic toxicity in the patient.156. The radiopharmaceuticals for sentinel lymph 

node detection should satisfy rapid migration from injection sites to the draining 

sentinel lymph node and prolonged retention of the radioactivity in the sentinel 

lymph node. 

 

 Various radiopharmaceuticals are now available for sentinel lymph node 

detection such as 99mTc-sulfur colloid filtered, 99mTc -sulfur colloid, 99mTc-albumin 

colloid, 99mTc-antimony trisulfide, 99mTc-rheniumsulfide, and 99mTc-human serum 

albumin157. 99mTc-dextran has been evaluated by several users for sentinel node 

detection158. 

 
99mTc -sulfur colloid filtered, 99mTc-sulfur chloride, 99mTc -albumin colloid, 99mTc -

antimony trisulfide and 99mTc -human serum albumin often show slow clearance 

from injection site and which may mask the sentinel lymph node that is few 

centimeters away from injection site159. 99mTc-human serum albumin, with no 

affinity for lymph node tissue, can pass through the lymph node chain and but it 

cause difficultly in sentinel node identification. 
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1.8 Radiolabeling techniques 

1.8.1 Stannous reduction method 

Most of the technetium-99m labeled compounds were developed by using 

stannous reduction technique.  Molybdenum/technetium generator is the source 

of technetium-99m which is available in the form of sodium pertechnetate in 

which technetium-99m has 7+ oxidation state. Most of the ligand commonly used 

to form radiopharmaceuticals are in anionic form. As both ligand and technetium 

are in anionic state so they repel each other. So at this stage some strong 

reducing agent is required to decrease the oxidation state of technetium-99m. 

Stannous reduced the oxidation state of technetium-99m from 7+ to 4+ and 

stannous ion itself converted into stannic ion. The overall reaction is given below. 

 

 

Technetium-99m in 4+ oxidation state is an appropriate form to form complex with 

anionic ligands such as MDP, PYP, GH and DTPA.  

 

Most of the technetium-99m soluble compounds except proteins are octahedral 

in shape and they are hexa coordinated.  Usually six binding sites are available 

consisting of oxygen, nitrogen or phosphorus atoms. Some compounds, such as 

porphyrins are square planar having array of nitrogen atoms at central and they 

are tetra-coordinated. In most of the radiopharmaceutical kits, the desired 

molecule directly bound to the reduced technetium-99m. Considering the case of 

teboroxime and MAG3, the desired product is formed during first 10 min of 

heating and product directly binds to the technetium-99m to form chelate.  
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Chelating agent (“a compound with electronegative character that is capable of 

binding radiometal cations”), increased the binding affinity of metal ion and help 

to bound tightly in the center of an octahedral structure. There are typically have 

six binding sites and form hexa-coordination consisting of nitrogen, oxygen and 

phosphorus atoms. The chelator bound complex formed is known as chelate 

such as 111In-DTPAand 99mTc-MDP.  

 

1.8.2 Click chemistry 

Although, the demand for new biologically active molecules and chemical 

materials increased continuously, chemists have hardly begun to explore the vast 

pool of potentially active compounds160. The click chemistry is a novel 

classification for selective and powerful and reactions, offers a unique approach 

to this problem161. 

 

“Click chemistry is a chemical philosophy introduced by Sharpless”. He describes 

it as the chemistry which generate substances reliably and quickly. This 

philosophy was inspired by the fact that nature also generates substances by 

joining small modular units161. Click chemistry can be summarized neatly in one 

sentence as all searches must be restricted to molecules that are easy to 

make162.  

 

Various chemical reactions (e.g. nucleophilic substitutions, cycloadditions, 

additions on carbon–carbon double bonds) can be considered to be of the click-

type, the “copper(I)-catalyzed azide-alkyne cycloaddition (CuAAC)” is generally 

regarded as the quintessential example of click chemistry163,164.  

 

“Cu(1)-catalyzed alkyne-azide cycloaddition” provide highly stable 1,4-

disubstituted 1,2,3-triazoles with high efficiency that the reaction has been 

described as click chemistry161 (Fig. 1.4). 



Chapter – 1   Introduction 

 
 

27

 

 

Fig. 1.4 R1 and R2 represent two organic chemical entities 

 

The copper(I)-catalyzed reaction is mild and very efficient, requiring no protecting 

groups, and requiring no purification in many cases165. The alkyne and azide 

functional groups are highly inert towards aqueous environments and biological 

molecules, this feature of click reaction allowed the use of the Huisgen 1,3-

dipolar cycloaddition in target guided synthesis166 and activity-based protein 

profiling167. Click chemistry reactions are simple, provide high yields, no or 

minimal purification is required and they are versatile in joining many structures 

without using protecting groups. Four major classifications of click reactions have 

been identified. 

 

 Cycloadditions 

Cu1 catalyzed Huisgen 1,3-dipolar cycloadditions of azides and alkynes 

 

 

They are usually known as 1,3-dipolar cycloadditions, but hetero-Diels-Alder 

cycloadditions  also included in this catagory162.  
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 Nucleophilic opening of ring 

 

 

These reactions are involved in the openings of strained heterocyclic 

electrophiles, like epoxides, aziridines, aziridinium ions, cyclic sulfates, 

episulfonium ions. 166.  

 

 Carbonyl chemistry of the non-aldol type 

 

Hyrazone/Oxime ether formation 

 

 

Amide/isourea formation 

 

 

The formations of hydrazones, thioureas, ureas, oxime amides, ethers and 

aromatic heterocycles are few example of this reaction167. They have low 

thermodynamic driving forces, so reactions give many side products and it take 

longer time for completion 161.  

 

 Additions to carbon-carbon multiple bonds 

Formation of various three member rings 
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Certain Michael additions  

 

 

Nitrosyl halide additions, aziridinations, sulfenyl halide additions, epoxidations, 

dihydroxylations and Michael additions are few of its examples 123,124. Among the 

four major classifications, cycloadditions, particularly the CuI catalyzed Huisgen 

1,3-dipolar cycloaddition (HDC) of azides and terminal alkynes to form 1,2,3-

triazoles168, are the most widely used.  

 

Click chemistry has found applications in target oriented synthesis,169,170 building 

molecular library171-174, and biological conjugation175-176. Most of the biological 

active molecules were discovered by using this convenient chemical tool177-179, 

Possible reasons for the good biological activity of 1,2,3-triazole derivatives have 

been suggested170,178,180 One is that 1,2,3-triazoles can well mimic heterocycles  

and natural peptides in interaction function and geometrical shape. Moreover, 

some recent research has been started to explore the activity of 5-substituted-

1,2,3- triazole derivatives181. Hence, 5-position of 1,2,3-triazole will be another 

efficient method for exploring functional molecules due to its diverse 

functionalities. 

 

Kategaonkar et.al.182 performed the synthesis and biological evaluation of new 2-

chloro-3-((4-phenyl-1H-1,2,3-triazol-1-yl)methyl) quinoline derivatives by using 

click chemistry. 1,3-dipolar cycloaddition i.e. click chemistry reaction of 3-

(azidomethyl)-2-chloro-quinoline derivatives with phenyl acetylene in the 
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presence of Cu(I) catalyst has been performed for the synthesis of 2-chloro-3-((4-

phenyl-1H-1,2,3-triazol-1-yl)methyl)quinoline derivatives and as a result high 

yield has been achieved.  

 

Kim et.al.183 presented the study on evaluation of 4-[18F] fluoro-1-butyne as 

labeled synthon via click chemistry with azido compounds. 4-tosyloxy-1-butyne 

with K[18F]F produces vinyl acetylene as well as4-[18F]fluoro-1-butyne via 

nucleophilic substitution, while the using 5-tosyloxy-1-pentyne instead of 4-

tosyloxy-1-butyne gives exclusively 5-[18F]fluoro-1-pentyne. Thus, o-[18F] fluoro-

1-alkynes having long chain might be a better synthons for click chemistry 

application. 

 

Carvalho et.al.184 studied the synthesis of a library of 1,2,3-triazole-substituted 

galactose derivatives and evaluate them against Trypanosoma cruzi and its cell 

surface trans-sialidase by using click chemistry. Coupling of appropriate azido-

sugars with terminal alkynes via copper(I)-catalyzed alkyne-azide cycloaddition 

(CuAAC) reaction, produced 46 derivatives with complete radioselectivity and in 

better yield.  

 

Similarly Howell et.al.185 reported the synthesis and evaluation of 9-

aminoacridines via benzyne click chemistry. Synthesis of 9-aminoacridine-3- and 

4-carboxamides was achieved by using the benzyne/ azide click chemistry. The 

products get bind to duplex DNA but they show different antitumor activity in 

HL60 cell line. 

 

Thus, the radiolabeling of biologically active molecules has become an 

indispensable tool for the assessment of novel drug candidates in animals and 

human. Click chemistry is the valuable tool for the rapid and efficient 

functionalization of tumor targeting biomolecules for the radiolabeling with 99mTc 

and in particular with [99mTc(H2O)3(CO)3]+ 175. 
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1.8.3 Cyclopentadienyl Chemistry 

 

Fig. 1.5 Cyclopentadienyl ring 

Cyclopentadienyl is the most basic ligand in organometallic chemistry. It is an 

anionic ligand that normally coordinates in an η5 mode as a 6e- donor, but it can 

adopt η 3- and η 1-coordination modes also. 

 

Fig. 1.6 Cyclopentadienyl anionic ligand co-ordination in various 

modes 

 

The Cp ligand is very attractive since it is small, has a low molecular weight, 

blocks three coordination sites and includes the possibility of conjugating 

targeting vectors. Keeping the principle of using inert complexes 

forradiopharmaceutical in vivo applications in view, Cp−  forms stable half-

sandwich complexes [(Cp-R)M(CO)3] (M=99mTc, Re). These inherent features are 

crucial advantages for minimizing sterical interference with the receptor binding 

part. 

 

Most radiopharmaceutical complexes in use today are perfusion agents, The 

challenge for the future lies in preparing 99mTc radiopharmaceuticals with specific 

receptor binding properties. This requires a 99mTc fragment that can coordinate 
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easily to ligands attached to targeting molecules. By using this technique low-

valent mixed aquo−carbonyl complex [99mTc(OH2)3(CO)3]+ was introduced as a 

versatile precursor for the radiolabeling of biomolecules186,187. Whereas 

Davison's compound is inherently stable under reasonable chemical and 

biological conditions, the aquo ligands in [99mTc(OH2)3(CO)3]+ are easily 

exchanged for a variety of mono-, bi-, and tridentate ligands, affording complexes 

of very high kinetic stability133. Until now these ligands were essentially histidine, 

histamine, and related ones. Typical organometallic ligands such 

cyclopentadienyl (Cp) are normally excluded from this list due to their instability 

and insolubility in water even though the utility of half-sandwich complexes with 

rhenium combined with biomolecules has been demonstrated by several groups 

and has pioneered the field of bioorganometallic chemistry188-192. In fact, 

complexes [(Cp-R)M(CO)3] have been attached both to antibodies191,193 and to 

steroidal hormones192,194 without substantial loss of receptor recognition and 

affinity. A more prominent and well explored example is in the context of 

tamoxifen/ferrocifen where [CpRe(CO)3] was shown to surrogate ferrocene under 

retention of biological activity195,196 Cyclopentadienyl on other hand has severe 

disadvantages for applications in water. It is essentially insoluble and unstable in 

water, tends to di- or polymerize and can hardly be deprotonated (pKa≈15). For 

radiopharmaceutical applications on a routine base, it is desirable to prepare e.g. 

[(Cp-R)99mTc(CO)3] directly in water. Some approaches to prepare [Cp-

R99mTc(CO)3] were reported but they require harsh conditions and organic 

solvents197-200. A new synthetic concept200,201 established the direct reaction of 

[99mTc(OH2)3(CO)3]+ in water with Thiele's acid (HCp-COOH)2 to prepare the half-

sandwich [(Cp-COOH)99mTc(CO)3] in very good yield202. Introducing an acetyl 

group in cyclopentadiene lowered the pKa value to around 8.7 as determined by 

simple potentiometric titration and provided increased water solubility and 

stability to the ligand. 
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 Reaction of [99mTc(OH2)3(CO)3]+ with e.g. acetyl-cyclopentadiene with a keto 

group in α-position and with or without an attached targeting molecule lead to 

quantitative formation of piano stool Cp complexes. 

 

Fig. 1.7 [99mTc(OH2)3(CO)3]+ with acetyl-cyclopentadiene 

 

Such unexpected result makes the application of the cyclopentadienyl ligands for 

labeling convenient since stable Diels–Alder dimers can be directly involved in 

the reaction. This concept moves towards a more general approach for the 

development of bioactive complexes of the [(Cp-R)99mTc(CO)3] type wherein “R” 

is an amino acid or a benzamide group203, and this procedure might lead to the 

application of half-sandwich complexes as mimics of phenyl rings in bioactive 

molecules. 

 

Alberto 203 studied the aqueous syntheses of [(Cp-R)M(CO)3] type complexes 

with bioactive functionalities. They propose a metal mediated Diels-Alder reaction 

mechanism. The reactions of [99mTc(H2O)3(CO)3)]+  with Diels-Alder products of 

cyclopentadiene such as ‘‘Thiele’s acid” (HCp-COOH)2  and derivatives in which 

the corresponding [(Cp- COOH)99mTc(CO)3)]  complex was formed in water.  

 

Alberto and his co-workers204 prepared and performed biological evaluation of 

cyclopentadienyl-based 99mTc-complexes [(Cp-R)99mTc(CO)3] mimicking 

benzamides for targeting malignant melanoma. Two compounds have been 
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synthesized via retro Diels–Alder reaction, which having piano stool [Cp99mTc 

(CO)3] motif instead of a phenyl ring as in the original iodobenzamide 123I-N-(N-

benzylpiperidin-4-yl)-2-iodobenzamide (2-IBP) and N-(2- diethylaminoethyl)-4-

iodobenzamide (BZA).  

 

Saidi et.al.205 presented the work on in vivo imaging of the serotonin 5-HT1A 

receptor in the brain by using Cyclopentadienyl tricarbonyl complexes of 99mTc. 

pertechnetate and an appropriate ferrocene ligand are used for the synthesis of 

rhenium-188 and technetium-99m tricarbonyl complexes with derivatized 

cyclopentadienyl ligands. These complexes (M(CO)3Cp-COOC5H9N-R, M = Tc, 

Re; R = Me, isopropyl) could be obtained starting from the precursor complexes 

[99mTc(CO)3(H2O)3]+ and [Re(CO)3Br3]2−.  

 

Thus, Cyclopentadienyl chemistry is most significant tool in the field of nuclear 

medicine. The radiolabeling of biologically active molecules by using 

cyclopentadienyl chemistry has become a significant tool for the rapid and 

efficient functionalization of tumor targeting drug and the assessment of novel 

drug in animals and human.  
 

1.9 Aim and scope of presented work 

 

Over the last few decades, scientists have been constantly struggling for 

developing new and improved radiopharmaceuticals by using such ligands which 

show high uptake in relative target site and which do not cause damage to 

healthy parts of the body. The aim of present work is to develop the novel 

radiopharmaceuticals for cancer diagnosis, sentinel node detection and brain 

imaging. The first phase involves the development of cancer diagnostic agents 

by using biomolecules and anticancer drugs. In the second phase of this study 

focused on the detection of sentinel lymph node and third one was to develop 

brain imaging agents. The brief description about the presented work is given 

below. 
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1.9.1 Development of cancer diagnostic agents 

For the diagnosis of cancer biomolecules such as folate azide and 1-azido 1-

azido-1-deoxy-β-D-glucopyranosidewere tagged as biomolecules with 

radioisotope by using the novel chelating tool known as click chemistry. This 

technique is helpful to tag large size biomolecules with radioisotope. The 

radioisotope is attached with these biomolecule complexes by using 

commercially available isolink kits. First radioisotope wasattached with isolink kit 

and then it was allowed to react with biomolecule complex. The use of 

biomolecules as carrier in radiopharmaceutical provides the advantage over 

other drugs because of their favorable pharmacokinetic properties and they do 

not cause any harmful effect to body and saves the patient from unpleasant 

exposure to harmful chemicals. 

 

5-Fluorouracil and methotrexate are the drugs that are used in chemotherapy of 

various types of cancers. In the present work these drugs were radiolabeled with 

technetium-99m and evaluate their potential as tumor diagnostic agent. 

Moreover, 99mTc-labeled-5-flurouracil was also clinically studied in advanced 

stage breast cancer patients. 

 

1.9.2 Sentinel node detection 

Sentinel l node detection is significant for early stage diagnosis and staging of 

cancer. For sentinel lymph node detection various colloidal nanoparticles were 

radiolabeled and biologically evaluated for their uptake in lymph nodes. Rhenium 

sulfide colloidal nanoparticles and various dextran derivatives were used for 

sentinel lymph node detection. Sentinel lymph node detection by using these 

radiopharmaceuticals may prevent the patients from painful biopsy procedure 

and various surgical dissections. 
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1.9.3 Development of brain imaging agent 
99mTc-labeled amine thiophene and 99mTc(CO)3-labeled CP-triglycine were 

evaluated as potential candidate for brain imaging. Amine thiophene was 

radiolabeled directly with technetium-99m while second ligand i.e., 99mTc(CO)3-

labeled Cp-triglycine was labeled with technetium-99m via isolink kit. To evaluate 

the potential of these radiopharmaceutical, both were injected in rabbit. 

Significant uptake of both radiopharmaceuticals was observed in brain. Results 

show that proposed system might be suitable for brain imaging in future clinical 

applications. 

  



Chapter – 1   Introduction 

 
 

37

1.10  References 
 

1. http://www.radiologyinfo.org/en/info.cfm?pg=gennuclear 

2. Cook G. Oncological molecular imaging: nuclear medicine techniques. 

The British J. Radiol. 2003;76:152–158. 

3. Gopal B. Fundamentals of nuclear pharmacy, springer-Verlag, third 

Edition, 1999. 

4. Zoghbi S. Thakur M Gottschalk A. Selective cell labeling: a potential 

radioactive agent for labeling of human neutrophils. J. Nucl. Med. 

1981;22:32-35. 

5. Ruddon R. Characteristics of human cancer. Cancer Biology,Oxford 

University Press 4th Edition.  

6. Misara H, Kamleh M, Roudayna D, Hatem F. Radionuclides delivery 

systems for nuclear imaging and radiotherapy of cancer. Adv. Drug Deliv. 

Rev.  2008;60:1329–1334. 

7. Brown R, Dunn S, Butow P. Meeting patient expectations in the cancer 

consultation.  Ann. Oncol. 1997;8:877-882. 

8. Gofman J. Preventing Breast Cancer: The story of a major proven 

preventable cause of this disease. committee for nuclear responsibility, 

san francisco, 1995. 

9. Epstein S. Steinman D, LeVert S. The Breast Cancer Prevention Program, 

Macmillan, second edition, New York, 1998.  

10. Bertell R. Breast cancer and mammography. Mothering, Summer 

1992;pp.49- 52.  

11. Jurisson, S. Lydon J. Potential technetium small molecule 

radiopharmaceuticals. Chem. Rev. 1999;99: 2205–2218. 

12. Liu S, Edwards D. 99mTc-labeled small peptides as diagnostic 

radiopharmaceuticals. Chem. Rev. 1999; 99:2235–2268. 

13. Jaouen G, Top S, Vessieres A, Alberto R. New paradigms for synthetic 

pathways inspired by bioorganometallic chemistry. J. Organomet. Chem. 

2000;600:23-36. 



Chapter – 1   Introduction 

 
 

38

14. http://en.wikipedia.org/wiki/Radiopharmacology 

15. Wender P, Handy S, Wright D. Towards the ideal synthesis. Chem. Ind. 

1997;19:765–768. 

16. Reubi J. Peptide Receptors as Molecular Targets for Cancer Diagnosis 

and Therapy. Endocrine Rev. 2003;24:389-427. 

17. Seymour L. Passive tumor targeting of soluble macromolecules and drug 

conjugates. Crit. Rev. Ther. Drug Carrier Syst. 1992;9:135-187. 

18. Okarvi S. Recent developments in 99mTc-labelled-peptide-based 

radiopharmaceuticals. An overview. Nucl. Med. Commun. 1999;20:1093–

1112. 

19. McGilvery R. Biochemistry: A Functional Approach, 3rd Edition. W.B. 

Saunders, Philadelphia, 1983;pp. 341–354. 

20. Dean R, James J, Lees R. Peptides in biomedical sciences: principles and 

practice. In: Martin- Comin, J., Thakur, M.L., Piera, C. (Eds.), 

Radiolabeled Blood Elements. Plenum Press, New York, 1994;pp.195–

199.  

21. Thakur M, Kolan H, Rifat S. Vapreotide labeled with 99mTc for imaging 

tumors: preparation and preliminary evaluation. Int. J. Oncol. 1996;9:445–

451. 

22. Zoghbi S, Thakur M, Gottschalk A. Selective cell labeling: a potential 

radioactive agent for labeling of human neutrophils. J. Nucl. Med. 

1981;22:32. 

23. Badidoo K, Stathis M, Scheffiel U, Lever S, Wagner H. High affinity 99mTc-

labeled chemotactic peptides. J.Nucl. Med. 1993;34:18. 

24. Babich J, Fischman A. Effect of co-ligand on the biodistribution of 99mTc-

labeled hydrazine nicotinic acid derivatized chemotactic peptides. Nucl. 

Med. Biol. 1995;22:25-30. 

25. Fischman A, Babich J, Stress H.  A ticket to ride: peptide 

radiopharmaceuticals. J. Nucl. Med. 1993;34:2253-2263. 



Chapter – 1   Introduction 

 
 

39

26. Fishman A, Rauh D, Solomon H, Babich J, Tompkins R, Kroon D, Stress 

H, Rubin H. In vivo bioactivity and biodistribution of chemotactic peptide 

analogs in non-human primates. J. Nucl. Med. 1993;34:2130-2134. 

27. Babich J, Graham W, Barrow S, Dragotakes S, Tompkins R, Rubin R, 

Fischman A. 99mTc-labeled chemotactic peptides: Comparison with 

Indium-111-labelled white blood cells for localization acute bacterial 

infection in the rabbit. J. Nucl. Med. 1993;34:2176-2181. 

28. Moyer B, Vallabhajosula S, James L, Bush L, Cyr J, Snow D, Bastidas D, 

Lipszyc H, Dean R. 99mTc white blood cell specific imaging agent 

development from platelet factor4 to detect infection. J. Nucl. Med. 

1996;37:673-679. 

29. Goodbody A, Ballinger J, Tran L, Sumner S, Lau F, Meghji K, Pellerk A. A 

new 99mTc-labeled peptides inflammation imaging agent. Eur. J. Nucl. 

Med. 1994;21:790. 

30. Peer’s S, Tran L, Eriksson S, Ballinger J, Goodbody A. Imaging a model of 

colitis with RP123, a Tc-99m chelated tufsin antagonist. J. Nucl. Med. 

1995;36:114. 

31. Maina T, Stolz B, Albert R, Bruns C, Koch P, Maeke H. Synthesis, 

radiochemistry and biological evaluation of a new somatostatin analogue 

(SCD 219-387) labeled with technetium-99m. Eur. J. Nucl. Med. 

1994;21:437-444. 

32. Kolan H, Li H, Thakur M. Samatostatin labeled with 99mTc: In vitro stability, 

in vivo validity and comparison with 111In-DTPA-actreotide pept. Medline. 

1996;9:144-150. 

33. Pearson D, Lister J, Mcbridge W, Wilson D, Martd L, Civitelle E, Taylor J, 

Moyer B, Dean R. Somatostatin receptor–binding peptides labeled with 

technetium-99m: Chemistry and initial biological studies. J. Med. chem. 

1996;39:1361-1371. 

34. Barrett J, Hemingway S, Damphousse D, Thomas J, Looby R, Edwards D, 

Hawis T, Rajopadhye E, Liu S, Carroll T. Platelet GP IIb/IIIa antagonists in 



Chapter – 1   Introduction 

 
 

40

the cannie arteriovenous shunt: Potential thrombus imaging agent. J. 

Nucl. Med. 1994;35:52. 

35. Barrett J, Bresmick M, Crocker A, Damphousse D, Hemingway S, 

Mazaika T, Kagan M, Lazewatsky J, Edwards D, Liu S, Harris T, 

Rajpladhye M, Carroll T. A technetium-99m-labeled platelets GP IIb/IIIa 

receptor antagonist as a thrombus imaging agent. J. Nucl. Med. 

1997;2:431-436. 

36. Shuang L, Edwards D, John A. 99mTc labelling of highly potent small 

peptides. Bioconjugate chem. 1997;8:621-636. 

37. Prevost G, Mormont C, Gunning M, Thomas F, Therapeutic use and 

perspectives of synthetic peptides in oncology. Acta oncol. 1993;32:209-

215. 

38. Liu H, Huo L, Wang L. Octreotide inhibits proliferation and induced 

apoptosis of hepatocellular carcinoma cells. Acta pharmacol. Sin. 

2004;25:1380-1386. 

39. Pierce K, Premont R, Lefkowitz R. Seven-trans membrane receptors. Nat. 

Rev. Mol. Cell Biol. 2002;3:639-650. 

40. Okarvi S. Peptide based radiopharmaceuticals: future tool for diagnostic 

imaging of cancer and other diseases. Med.  2004;24:35-97. 

41. Langer and A.G. Beck-Sickinger. Peptides as carrier for tumor diagnosis 

and treatment, Curr Med Chem 2001;1:pp.71–93.  

42. Liu S, Edwards S. Bifunctional chelators for therapeutic lanthanide. 

Bioconjugate Chem. 2001;12:7–34. 

43. McAfee J, Neumann R. Radiolabeled peptides and other ligands for 

receptors over expressed in tumor cells for imaging neoplasms. Nucl. 

Med. Biol. 1996;23:673-676. 

44. Darbon H, Bernassau J, Deleuze C, Chenu J, Roussel A, Cambillau C. 

Solution conformation of human neutropeptide Y by  1H nuclear magnetic 

resonance and restrained molecular dynamics. Eur. J. Biochem. 

1992;209:765-771. 



Chapter – 1   Introduction 

 
 

41

45. Lamberts S, Bakker W, Reubi J, Krenning E. Clinical application of 

somatostatin analogs part 1. Metabolism. 1990;39:152-155. 

46. Merrifield R.  Solid Phase Peptide Synthesis. I. The Synthesis of a 

Tetrapeptide.  J. Am. Chem. Soc. 1963; 85:2149-2154. 

47. Ronald E, Thakur M. Radiolabeled peptides in the diagnosis and therapy 

of oncological diseases. App. Rad. Iso. 2002;57:749–763. 

48. Zhou J, Mokotoff M, Ball ED. Targeting gastrin releasing peptide receptors 

for cancer treatment. Anticancer drugs. 2004;15:921-927. 

49. Buscombe J, Caplin M, Hilson A. Long term effiency of high activity 111in-

pentetreotide therapy in patients with disseminated neuroendocrine 

tumors. J. Nucl. Med. 2003;44:1-6. 

50. Wagner H. Jr. Nuclear medicine: 100 years in the making [news]. J. Nucl. 

Med. 1996, 37:18N,24N,37N. 

51. Reubi J. Neuropeptide receptors in health and disease: the molecular 

basis for in vivo imaging. J. Nucl. Med. 1995;36:1825-1835. 

52. Khan I, Beck A. Targeted Tumor Diagnosis and Therapy with Peptide 

Hormones as Radiopharmaceuticals. Anti-can. age. Med. chem. 

2008;8:186-199. 

53. Villalba M, Bockaert J, Journot L. Pituitary adenylate cyclase-activating 

polypeptide (PACAP-38) protects cerebellar granule neurons from 

apoptosis by activating the mitogen-activated protein kinase (MAP kinase) 

pathway. J. Neurosci. 1997;17:83-90. 

54. Cattaneo M, Amoroso D, Gussoni G, Sanguini A, Vicentini L. A 

somatostatin analogue inhibits MAP kinase activation and cell proliferation 

in human neuroblastoma and in human small cell lung carcinoma cell 

lines. FEBS Lett. 1996;397:164-168.  

55. Hom R, Katzenellenbogen J. Technetium-99m-labeled receptor-specific 

small-molecule radiopharmaceuticals: recent developments and 

encouraging results. Nucl. Med. Biol. 1997;24:485-498. 



Chapter – 1   Introduction 

 
 

42

56. Eckelman W. Radiolabeling with technetium-99m to study high-capacity 

and low-capacity biochemical systems. Eur. J. Nucl. Med. 1995;22:249-

263. 

57. Babich J, Graham W, Barrow S, Dragotakes S, Tompkins R, Rubin R, 

Fischman A. Technetium-99m-labeled chemotactic peptides: comparison 

with indium-111-labeled white blood cells for localizing acute bacterial 

infection in the rabbit. J. Nucl. Med. 1993;34:2176-2181.  

58. Liu S, Edwards D, Looby R, Harris A, Poirier M, Barrett J, Hemingway S, 

Carroll T. Labeling a hydrazino nicotinamide-modified cyclic IIb/IIIa 

receptor antagonist with 99mTc using amino carboxylates as coligands. 

Bioconjugate Chem. 1996;7:63-71.  

59. Hnatowich D, Mardirossian G, Rusckowski M, Forgarasi M, Virzi F, 

Winnard P. Directly and indirectly technetium-99m-labeled antibodies--a 

comparison of in vitro and animal in vivo properties. J. Nucl. Med. 

1993;34:109-119.  

60. Guo W, Hinkle G, Lee R. 99mTc-HYNIC-folate: a novel receptor-based 

targeted radiopharmaceutical for tumor imaging. J. Nucl. Med. 

1999;40:1563-1569.  

61. Ladino C, Chari R, Bourret L, Kedersha N, Goldmacher V. Folate-

maytansinoids: target-selective drugs of low molecular weight. Int. J. 

Cancer. 1997;73:859-864.  

62. Lee J, Lu J, Low P, Fuchs P. Synthesis and evaluation of taxol-folic acid 

conjugates as targeted antineoplastics. Bioorg. Med. Chem. 

2002;10:2397-2414.  

63. Matulic J, Sanseverino M, Beigelman L. An efficient synthesis of the 

ribozyme–folate conjugate. Tetrahed. Lett. 2002;43:4439-4441.  

64. Leamon C, Cooper S, Hardee G. Folate-Liposome-Mediated Antisense 

Oligodeoxynucleotide Targeting to Cancer Cells:  Evaluation in Vitro and in 

Vivo. Bioconj. chem. 2003;14:738-747.  



Chapter – 1   Introduction 

 
 

43

65. Leamon C, Pastan I, Low P. Cytotoxicity of folate-Pseudomonas exotoxin 

conjugates toward tumor cells. Contribution of translocation domain. J. 

Biol. Chem. 1993;26:24847-24854.  

66. Lu J, Lowe D, Kennedy M, Low P. Folate-targeted enzyme prodrug cancer 

therapy utilizing penicillin-V amidase and a doxorubicin prodrug. J. Drug 

Tar. 1999;7:43-53.  

67. Ward C, Acheson N, Seymour L. Folic acid targeting of protein conjugates 

into ascites tumor cells from ovarian cancer patients. J. Drug Tar. 

2000;8:119-123.  

68. Kranz D, Patrick T, Brigle K, Spinella M, Roy E. Conjugates of folate and 

anti-T-cell-receptor antibodies specifically target folate-receptor-positive 

tumor cells for lysis. Proc. Natl. Acad. Sci USA. 1995;92:9057-9061.  

69. Cho B, Roy E, Patrick T, Kranz D. Single-Chain Fv/Folate Conjugates 

Mediate Efficient Lysis of Folate-Receptor-Positive Tumor Cells. Bioconj. 

Chem. 1997;8:338-346.  

70. Gabizon A, Horowitz A, Goren D, Tzemach D, Mandelbaum F, Qazen M, 

Zalipsky S. Targeting Folate Receptor with Folate Linked to Extremities of 

Poly(ethylene glycol)-Grafted Liposomes:  In Vitro Studies. Bioconj. Chem. 

1999;10:289-298.  

71. Guo W, Lee T, Sudimack J, Lee J. Receptor-Specific Delivery of 

Liposomes Via Folate-Peg-Chol. J. Lipos. Res. 2000;10:179-195.  

72. Shi G, Guo W, Stephenson S, Lee R. Efficient intracellular drug and gene 

delivery using folate receptor-targeted pH-sensitive liposomes composed 

of cationic/anionic lipid combinations. J. Cont. Rele. 2002;80:309-319.  

73. Leamon C, Weigl D, Hendren R. Folate Copolymer-Mediated Transfection 

of Cultured Cells. Bioconj. Chem. 1999;10:947-957.  

74. Reddy J, Low P. Enhanced folate receptor mediated gene therapy using a 

novel pH-sensitive lipid formulation. J. Cont. Rele. 2000;64:27-37.  

75. Hofland H, Masson C, Iginla S, Osetinsky I, Reddy J, Leamon C, 

Scherman D, Bessodes M, Wils P. Folate-Targeted Gene Transfer in Vivo. 

Mol. Ther. 2002;5:739-744.  



Chapter – 1   Introduction 

 
 

44

76. Ilgan S, Yang D, Higuchi T, Zareneyrizi F, Bayhan H, Yu D, Kim E, 

Podoloff D. 99mTc-Ethylenedicysteine-Folate: A New Tumor Imaging 

Agent. Synthesis, Labeling and Evaluation in Animals. Cancer Biother. 

Radiopharm. 1998;13:427-435.  

77. Mathias C, Hubers D, Low P, Green M. Synthesis of [99mTc]DTPA-Folate 

and Its Evaluation as a Folate-Receptor-Targeted Radiopharmaceutical. 

Bioconj. Chem. 2000;11:253-225.  

78. Leamon C, Parker M, Vlahov I, Xu L, Reddy J, Vetzel M, Douglas N. 

Synthesis and Biological Evaluation of EC20:  A New Folate-Derived, 
99mTc-Based Radiopharmaceutical. Bioconj. Chem. 2002;13:1200-1210.  

79. Leamon C, Low P. Membrane folate-binding proteins are responsible for 

folate-protein conjugate endocytosis into cultured cells. Biochem. J. 

1993;291:855-860. 

80. Leamon C, Low P. Folate-mediated targeting: from diagnostics to drug 

and gene delivery. Drug Disco. Today. 2001; 6:44-51. 

81. MathiasC, Hubers D, Low P, Green M. Synthesis of [(99m)Tc]DTPA-folate 

and its evaluation as a folate-receptor-targeted radiopharmaceutical. 

Bioconj. Chem. 2000;11:253–257. 

82. Mathias C, Wang S, Waters D, Turek J, Low P, Green M. Indium-111-

DTPA-folate as a potential folate-receptor-targeted radiopharmaceutical. 

J. Nucl. Med. 1998;39:1579–1585. 

83. Wang S, Luo J, Lantrip D, Waters D, Mathias C, Green M. Design and 

synthesis of [111In] DTPA-folate for use as a tumor-targeted 

radiopharmaceutical. Bioconj. Chem. 1997;8:673–679. 

84. Leamon C, Parker M, Vlahov I, Xu L, Reddy J, Vetzel M. Synthesis and 

biological evaluation of EC20: A new folate-derived, 99mTc-based 

radiopharmaceutical. Bioconj. Chem. 2002;13:1200–1210. 

85. Reddy J, Xu L, Parker N, Vetzel M, Leamon C. Preclinical evaluation of 
99mTc-EC20 for imaging folate receptor-positive tumors. J. Nucl. Med. 

2004;45:857–866. 



Chapter – 1   Introduction 

 
 

45

86. Guo W, Hinkle G, Lee R. 99mTc-HYNICfolate: A novel receptor-based 

targeted radiopharmaceutical for tumor imaging. J. Nucl. Med. 1999; 

40:1563–1569. 

87. Wang S, Lee R, Mathias C, Green M, Low P. Synthesis, purification, and 

tumor cell uptake of 67Gadeferoxamine- folate, a potential 

radiopharmaceutical for tumor imaging. Bioconj. Chem. 1996;7: 56–62. 

88. Mathias C, Wang S, Low P, Waters D, Green M. Receptor-mediated 

targeting of 67Ga-deferoxamine- folate to folate-receptor-positive human 

KB tumor xenografts. Nucl. Med.Biol. 1999;26:23–25. 

89. Trump D, Mathias C, Yang Z, Low P, Marmion M, Green M. Synthesis and 

evaluation of 99mTc(CO)3 DTPA folate as a folate receptor targeted 

radiopharmaceutical. Nucl. Med. Biol. 2002; 29:569–573. 

90. Ke C, Mathias C, Green M. Folate receptor targeted radionuclide imaging 

agents. Advan. Drug Deliv. Rev. 2004;56:1143–1160. 

91. Siegel B, Dehdashti F, Mutch D, Podoloff D, Wendt R, Sutton G. 

Evaluation of 111In- DTPA-folate as a receptor-targeted diagnostic agent 

for ovarian cancer: Initial clinical results. J. Nucl. Med. 2003; 44:700–707. 

92. Elnakat H, Ratnam M. Role of folate receptor genes in reproduction and 

related cancers. Front Biosci. 2006;11:506–19. 

93. Mathias C, Green M. A kit formulation for preparation of 111In-DTPA-folate, 

a folate-receptor-targeted radiopharmaceutical. Nucl. Med. Biol. 

1998;25:585−587. 

94. Ke C, Mathias C, Green M. The folate receptor as a molecular target for 

tumor-selective radionuclide delivery. Nucl. Med. Biol. 2003;30:811−817. 

95. Kamen B, Smith A. A review of folate receptor alpha cycling and 5-

methyltetrahydrofolate accumulation with an emphasis on cell models in 

vitro. Adv. Drug. Deliv. Rev. 2004;56:1085–97.  

96. Sandoval R, Kennedy M, Low P, Molitoris B. Uptake and trafficking of 

fluorescent conjugates of folic acid in intact kidney determined using 

intravital two-photon microscopy. Am. J. Physiol. Cell. Physiol. 

2004;287:C517–26.  



Chapter – 1   Introduction 

 
 

46

97. Weitman S, Lark R, Coney L. Distribution of the folate receptor GP38 in 

normal and malignant cell lines and tissues. Cancer. Res. 1992;52:3396–

401.  

98. Leamon C, Low P. Delivery of macromolecules into living cells: a method 

that exploits folate receptor endocytosis. Proc. Natl. Acad. Sci. U S A. 

1991;88:5572–5576. 

99. Kimberly R, Ann L, Gary L, Teresa J, Phillip S, Keith L, Lyn C. Folate 

receptor alpha as a tumor target in epithelial ovarian cancer. Gyneco. 

Oncol. 2008;108:619-626. 

100. Salazar M, Ratnam M. The folate receptor: what does itpromise in tissue-

targeted therapeutics? Can. Meta. Rev. 2007;26:141-152. 

101. Mueller C, Dumas C, Hoffmann U, Schubiger P, Schibli R. Organometallic 
99mTc and Re-folate derivatives for potential use in nuclear medicine; J. 

organomet. chem. 2004;689:4712-4721. 

102. Heidelberger C. On the rational development of a new drug: The example 

of the fluorinated pyrimidines. Can. Treat. Rep. 1981;65:3-9.  

103. Jain R. Delivery of molecular and cellular medicine to solid tumors. 

Microcirculation. 1997;1:1-23. 

104. Hicks K, Ohms J, van L, Denny W, Hunter P, Wilson W. An experimental 

and mathematical model for the extravascular transport of a DNA 

intercalator in tumors. Br. J. Cancer. 1997;76:894-903. 

105. Jain R. Vascular and interstitial barriers to delivery of therapeutic agents in 

tumors. Can. Meta. Rev. 1990;9:253-266. 

106. Wilson W, Hicks K. Measurement of extravascular drug diffusion in 

multicellular layers. Br. J. Cancer. 1999;79:1623-1626. 

107. Gunnar B, Mat E, Uwe H. Assessment of the biodistribution and 

metabolism of 5-fluorouracil as monitored by 18F PET and 19F MRI: A 

comparative animal study. Nucl. Med. Biol. 1996;23:897-906. 

108. Abe Y, Fukuda H, Ishiwata K. Studies on 18F-labeld pyrimidines. Tumor 

uptake of 18F-5-fluorouracil, 18F-5-fluorouridine, and 18F-5-

fluorodeoxyuridine in animals. Eur. J. Nucl. Med. 1983;6:258-261. 



Chapter – 1   Introduction 

 
 

47

109. Visser G, van C, Wedzinga R. 18F-radiopharmacokinetics of [18F]-5-

fluorouracil in a mouse bearing two colon tumors with a different 5-

fluorouracil sensitivity: a study for a correlation with oncological results. 

Nucl. Med. Biol. 1996;23:333-342. 

110. Markus M, Antonia D, Frank G. 18F-Labeled Fluorouracil Positron 

Emission Tomography and the Prognoses of Colorectal Carcinoma 

Patients with Metastases to the Liver Treated with 5-Fluorouracil. Cancer. 

1998;83:245-253. 

111. Sugae S, Suzuki A, Takahashi N. Fluorine-18-labeled 5-fluorouracil is a 

useful radiotracer for differentiation of malignant tumors from inflammatory 

lesions. Ann. Nucl. Med. 2008;22:65-72. 

112. Methotrexate. The American Society of Health-System Pharmacists. 

http://www.drugs.com/monograph/methotrexate.html. Retrieved 3 April 

2011. 

113. Jaffe N. Recent advance in the chemotherapy of metastatic osteogenic 

sarcoma. Cancer. 1972;30:1627-1630. 

114. Devita V, Hellman S, Rosenberg S. Cancer: Principles and Practice of 

Oncology. 5th ed. Philadelphia: Lippincott. Raven 1997;1180-1181. 

115. Robbins and Cotran, Pathological Basis of Disease, Saunders Elsevier, 

8th edition pp.270  

116. Sally M, Carolyn A. Comparison of intraparenchymal and intradermal 

injection for identification of the sentinel node in patients with breast 

cancer. Proc. Bayl. Univ. Med. Cent. 2002;15:366–368.  

117. Tobler N, Detmar M. Tumor and lymph node lymphangiogenesis: impact 

on cancer metastasis. J. Leukoc. Biol. 2006;80:691–696.  

118. Tsopelas C, Bevington E, Kollias J, Shibli S, Farshid G, Coventry B. 
99mTc–Evans blue dye for mapping contiguous lymph node sequences and 

discriminating the sentinel lymph node in an ovine model.  Ann. Surg. 

Oncol. 2006;13:692–700.  

119. Morton D, Wen D, Wong J. Technical details of intraoperative lymphatic 

mapping for early stage melanoma. Arch. Surg. 1992;127:392-399.  



Chapter – 1   Introduction 

 
 

48

120. Reintgen D, Cruse C, Wells K. The orderly progression of melanoma 

nodal metastases. Ann. Surg. 1994;220:759-767.  

121. Thompson J, McCarthy W, Bosch C. Sentinel lymph node status as an 

indicator of the presence of metastatic melanoma in regional lymph nodes. 

Mela. Res. 1995;5:255-260. 

122. Borgstein P, Pijpers R, Comans E, Diest P, Boom R, Meijer S.Sentinel 

lymph node biopsy in breast cancer: guidelines and pitfalls of 

lymphoscintigraphy and gamma probe detection.J. Am. Coll. Surg. 

1998;186:275–283. 

123. Marrije R, Rik J, Arthur L, Paul J, Jan D, Peter K, René H. Laparoscopic 

detection of sentinel lymph nodes followed by lymph node dissection in 

patients with early stage cervical cancer.Gynecol. Oncol. 2003;90:290-

296. 

124. Benateau H, Babin E, Soubeyrand E, Nicolas J, Blaizot X, Comoz F, 

Bequignon A, Bouvard G, Compere J, Cheshey E. Detection of sentinel 

node in squamous cell carcinoma of the oral cavity and orpharynx: 

Premlinary study. Res. Stomatol. Chir. Maxillotac. 2005;106:281-286. 

125. Krag D, Alex J, Fairbank J. Surgical resection and radiolocalization of the 

sentinel lymph node in breast cancer using a gamma probe. Surg. Oncol. 

1993;2:335–339. 

126. Mariani G, Moresco L, Viale G, Villa G, Bagnasco M, Canavese G. 

Radioguided sentinel lymph node biopsy in breast cancer surgery. J. Nucl. 

Med. 2001;42:1198–1215.  

127. Noguchi M. Sentinel lymph node biopsy and breast cancer. Br. J. Surg. 

2002;89:21–34. 

128. Takagi K, Uehara T, Kaneko E, Nakayama M, Koizumi M, Endo K. 99mTc-

labeled mannosyl-neoglycoalbumin for sentinel lymph node identification. 

Nucl. Med. Biol. 2004;31:893–900.  

129. Jinno H, Ikeda T, Matsui A, Kitagawa Y, Kitajima M, Fujii H. Sentinel 

lymph node biopsy in breast cancer using technetium-99m tin colloids of 

different sizes. Biomed. Pharmacother. 2002;56:213–216. 



Chapter – 1   Introduction 

 
 

49

130. Higashi H, Natsugoe S, Uenosono Y, Ehi K, Arigami T, Nakabeppu Y. 

Particle size of tin and phytate colloid in sentinel node identification. J. 

Surg. Res. 2004;121:1–4.  

131. Morton D, Thompson J, Essner R, Elashoff R, Stern S, Nieweg O. 

Validation of accuracy of intraoperative lymphatic mapping and sentinel 

lymphadenectomy for early-stage melanoma: a multicenter trial. 

Multicenter Selective Lymphadnectomy Trial Group. Ann. Surg. 

1999;4:453–463.  

132. Giuliano A, Kirgan D, Geunther J, Morton D. Lymphytic mapping and 

sentinel lymphadenectomy for breast cancer. Ann. Surg. 1994;220:391–

402. 

133. Veronesi U, Paganelli G, Galimberti V, Viale G, Zurrida S, Bedoni M. 

Sentinel node biopsy to avoid axillary dissection in breast cancer with 

clinically negative lymph-nodes. Lancet. 1997;349:1864–1867.  

134. Ung O. Australasian experience and trials in sentinel lymph node biopsy: 

the RACS SNAC Trial.  Asian. J. Surg. 2004;27:284–290.  

135. Sandelin K. Current European studies of sentinel lymph node biopsy for 

breast cancer. Asian. J. Surg. 2004;27:291–293.  

136. Ikeda T, Jinno H, Fujii H, Kitajima M. Recent development of sentinel 

lymph node biopsy for breast cancer in Japan. Asian. J. Surg. 

2004;27:275–278.  

137. Leong S. Selective sentinel lymphadenectomy for breast cancer in the 

United States. Asian. J. Surg. 2004;27:268–274.  

138. Levenback C, Coleman R, Burke T, Bodurka D, Wolf J, Gershenson D. 

Intraoperative lymphatic mapping and sentinel node identification with blue 

dye in patients with vulvar cancer. Gynecol. Oncol. 2001;83:276–281.  

139. Levenback C, Burke T, Morris M, Malpica A, Lucas K, Gershenson D. 

Potential applications of intraoperative lymphatic mapping in vulvar 

cancer. Gynecol. Oncol. 1995;59:216–220.  

140. Moore R, Granai C, Gajewski W, Gordinier M, Steinhoff M. Parthologic 

evaluation of inquinal sentinel lymph nodes in vulvar cancer patients: a 



Chapter – 1   Introduction 

 
 

50

comparison of immunohistochemical staining versus ultrastaging with 

hematoxylin and eosin staining. Gynecol. Oncol. 2003;91:378–382.  

141. Moore R, DePasquale S, Steinhoff M, Gajewski W, Steller M, Noto R, 

Falkenberry S. Sentinel node identification and ability to detect metastatic 

tumor to inguinal lymph nodes in squamous cell cancer of the vulva. 

Gynecol. Oncol. 2003;89:475–479. 

142. Grace S, Usha P, Suresh S, Preethy N. bhabha atomic research centre, 

Mumbai, India. Report of the 1st Research coordination meeting on 

Development of Tc-99m Radiopharmaceuticals for sentinel node detection 

and cancer diagnosis. Nov 2007, IAEA Headquarters Vienna, Austria. 

143. Morton D, Wen D, Wong J. Technical details of intraoperative lymphatic 

mapping for early stage melanoma. Arch. Surg. 1992;127:392–399. 

144. Nakahara T. Tracers used for the detection of sentinel lymph nodes. 

Nippon. Geka. Gakkai.  Zasshi. 2009;110:86-89. 

145. Krag D, Weaver J, Alex J, Fairbank J. Surgical resection and 

radiolocalization of the sentinel lymph node in breast cancer using a 

gamma probe. J. Surg. Oncol. 1993;2:335–340. 

146. Gold H, Do H, Osborne M. Cost-effectiveness of isosulfan blue vs. 

methylene blue dye in sentinel node biopsy. J. Clin. Oncol. 2005,23:6103. 

147. Simmons R, Thevarajah S, Brennan MB, Christos P, Osborne M. 

Methylene blue dye as an alternative to isosulfan blue dye for sentinel 

lymph node localization. Ann. Surg. Oncol. 2003,10:242-247. 

148. Salhab M, Sarakbi W, Mokbel K. Skin and fat necrosis of the breast 

following methylene blue dye injection for sentinel node biopsy in a patient 

with breast cancer. Int. Semin. Surg. Oncol. 2005;2:26. 

149. Blessing W, Stolier A, Teng S, Bolton J, Fuhrman G: A comparison of 

methylene blue  and lymphazurin in breast cancer sentinel node mapping. 

Am. J. Surg. 2002,184:341-345.  

150. Eldrageely K, Vargas M, Khalkhali I, Venegas R, Burla M, Gonzalez K, 

Vargas H. Sentinel lymph node mapping of breast cancer: a case-control 



Chapter – 1   Introduction 

 
 

51

study of methylene blue tracer compared to isosulfan blue. Am. Surg. 

2004,70:872-875. 

151. Golshan M, Nakhlis F. Can methylene blue only be used in sentinel lymph 

node biopsy for breast cancer? Breast. J. 2006,12:428-430. 

152. Nour A. Efficacy of methylene blue dye in localization of sentinel lymph 

node in breast cancer patients. Breast. J. 2004,10:388-391. 

153. Varghese P, Mostafa A, Abdel-Rahman A, Akberali S, Gattuso J, 

Canizales A, Wells C, Carpenter R. Methylene blue dye versus combined 

dye-radioactive tracer technique for sentinel lymph node localization in 

early breast cancer. Eur. J. Surg. Oncol. 2007,33:147-152. 

154. Newman L. Lymphatic mapping and sentinel lymph node biopsy in breast 

cancer patients: a comprehensive review of variations in performance and 

technique. J. Am. Coll. Surg. 2004,199:804-816. 

155. Takagi K, Uehara T, Kaneko E, Nakayama M, Koizumi M, Endo K. 99mTc-

labeled mannosyl-neoglycoalbumin for sentinel lymph node identification. 

Nucl Med Biol 2004;31:893–900. 

156. Leonard F. Imaging and cancer: A review. Molecul. Oncol. 2008;2:115–

152. 

157. David R, Veraa c, Anne M, Carl K,99mTc-MAG3-mannosyl-dextran: a 

receptor-bindingradiopharmaceutical for sentinel node detection. Nucl. 

Med. Biol. 2001;28:493–498. 

158. Grace S, Usha P, Suresh S, Preethy N. bhabha atomic research centre, 

Mumbai, India. 

159. Glass E, Essner R, Giuliano A, Morton D. Comparative efficacy of three 

lymphoscintigraphic agents. Proc. Soc. Nucl. Med. 1995;36:199. 

160. Bohacek R, McMartin C, Guida W. The art and practice of structure-based 

drug design: a molecular modeling perspective. Med. Res. ReV. 

1996;16:3–50. 

161. Kolb H, Finn M, Sharpless K. Click Chemistry: Diverse Chemical Function 

from a Few Good Reactions. Angew. Chem. Int. Ed. 2001;40:2004–2021.  



Chapter – 1   Introduction 

 
 

52

162. Kolb H, Sharpless K. The growing impact of click chemistry on drug 

discovery. Drug. Disc. Today. 2003;8:1128-1137. 

163. Tornoe C, Christensen C, Meldal M. Peptidotriazoles on solid phase: 

[1,2,3]-triazoles by regiospecific copper(I)-catalyzed 1,3-dipolar 

cycloadditions of terminal alkynes to azides. J. Org. Chem. 2002;67:3057–

3064.  

164. Rostovtsev V, Green L, Fokin V, Sharpless K. A stepwise Huisgen 

cycloaddition process: copper(I)-catalyzed regioselective “ligation” of 

azides and terminal alkynes.  Angew. Chem. Int. Ed. 2002;41:2596–2599 

165. Manetsch R. In Situ Click Chemistry:  Enzyme Inhibitors Made to Their 

Own Specifications. J. Am. Chem. Soc. 2004;126:12809-12818. 

166. Speers A. Activity-Based Protein Profiling in Vivo Using a Copper(I)-

Catalyzed Azide-Alkyne [3 + 2] Cycloaddition. J. Am. Chem. 

Soc.2003;125:4686-4687.  

167. Timothy R, Robert H, Barry S, Valery V. Polytriazoles as Copper(I)-

Stabilizing Ligands in Catalysis. Org. Lett.2004;6:2853-2854. 

168. Huisgen R. 1,3-Dipolar cycloadditions. Angew. Chem. 1963;75:604–637. 

169. Mocharla V, Colasson B, Lee L, Röper S, Sharpless K, Wong C, Kolb H. 

Angew. Chem., Int. Ed. 2005;44:116–120.  

170. Bourne Y, Kolb H, Radic Z, Sharpless K, Taylor P, Marchot P. Proc. Natl. 

Acad. Sci. U.S.A. 2004;101:1449–1454. 

171. Lee L, Mitshell M, Huang S, Fokin V, Sharpless K, Wong C. A Potent and 

Highly Selective Inhibitor of Human α-1,3-Fucosyltransferase via Click 

Chemistry. J. Am. Chem. Soc. 2003;125:9588–9589. 

172. Salama I, Hocke C, Utz W, Prante O, Boeckler F. Hubner H, Kuwert T, 

Gmeiner P. Structure−Selectivity Investigations of D2-Like Receptor 

Ligands by CoMFA and CoMSIA Guiding the Discovery of D3 Selective 

PET Radioligands. J. Med. Chem. 2007;50:489–500.  

173. O’Neil E, DiVittorio K, Smith B. Phosphatidylcholine-Derived 

Bolaamphiphiles via Click Chemistry. Org. Lett. 2007;9:199–202. 



Chapter – 1   Introduction 

 
 

53

174. Font D, Jimeno C, Pericas M. Polystyrene-Supported Hydroxyproline:  An 

Insoluble, Recyclable Organocatalyst for the Asymmetric Aldol Reaction in 

Water. Org. Lett. 2006;8:4653– 4655 

175. Mindt T, Struthers H, Brans L, Anguelov T, Schweinsberg C, Maes V, 

Tourwé D, Schibli R. “Click to Chelate”:  Synthesis and Installation of Metal 

Chelates into Biomolecules in a Single Step. J. Am. Chem. Soc. 

2006;128:15096– 15097.  

176. Seo T, Li Z, Ruparel H, Ju J. Click Chemistry to Construct Fluorescent 

Oligonucleotides for DNA Sequencing. J. Org. Chem. 2003;68:609–612. 

177. Cosyn L, Palaniappan K, Kim S, Duong H, Gao Z, Jacobson K, Van C. 2-

Triazole-Substituted Adenosines:  A New Class of Selective A3 Adenosine 

Receptor Agonists, Partial Agonists, and Antagonists. J. Med. Chem. 

2006;49:7373–7383. 

178. Moorhouse A, Santos A, Gunaratnam M, Moore M, Neidle S, Moses J. 

Stabilization of G-Quadruplex DNA by Highly Selective Ligands via Click 

Chemistry. J. Am. Chem. Soc. 2006;128:15972–15973. 

179. Wilkinson B, Bornaghi L, Houston T, Innocenti A, Vullo D, Supuran C, 

Poulsen S. Carbonic Anhydrase Inhibitors:  Inhibition of Isozymes I, II, and 

IX with Triazole-Linked O-Glycosides of Benzene Sulfonamides. J. Med. 

Chem. 2007;50:1651–1657. 

180. Thibault R, Takizawa K, Lowenheilm P, Helms B, Mynar J, Fréchet J, 

Hawker C. A Versatile New Monomer Family:  Functionalized 4-Vinyl-

1,2,3-Triazoles via Click Chemistry. J. Am. Chem. Soc. 2006;128:12084– 

12085.  

181. Whiting M, Tripp J, LinY, Lindstrom W, Olson A. Elder J, Sharpless K, 

Fokin V. Rapid Discovery and Structure−Activity Profiling of Novel 

Inhibitors of Human Immunodeficiency Virus Type 1 Protease Enabled by 

the Copper(I)-Catalyzed Synthesis of 1,2,3-Triazoles and Their Further 

Functionalization. J. Med. Chem. 2006;49:7697–7710. 

182. Amol H, Pravin V, Atul H, Sharad K, Bapurao B, Murlidhar S. Synthesis 

and biological evaluation of new 2-chloro-3-((4-phenyl-1H-1,2,3-triazol-1-



Chapter – 1   Introduction 

 
 

54

yl)methyl)quinoline derivatives via click chemistry approach. Eur. J. Med. 

Chem. 2010;45: 3142-3146. 

183. Dong H, Yearn S, Byung T. Evaluation of 4-[18F]fluoro-1-butyneasa 

radiolabeled synthon for click chemistry with azido compounds. App. Rad. 

Iso. 2010;68:329–333. 

184. Ivone C, Peterson A, Vanessa L, Paulo M, Renata S, João S, Sergio S, 

Simone D, Lionel H, Martin R, Sergey A, Robert A. ‘Click chemistry’ 

synthesis of a library of 1,2,3-triazole-substituted galactose derivatives 

and their evaluation against Trypanosoma cruzi and its cell surface trans-

sialidase. Bioorg. Med. Chem. 2010;18:2412–2427. 

185. Lesley A, Aaron H, Maria A, Anja M, Mark S. Synthesis and evaluation of 

9-aminoacridines derived from benzyne click chemistry. Bioorg. 

Med.Chem. Lett. 2009;19:5880–5883. 

186. Alberto R, Schibli R, Schubiger P, Abram U, Kaden T. Reactions with the 

technetium and rhenium carbonyl complexes (NEt4)2[MX3(CO)3]. 

Synthesis and structure of [Tc(CN-But)3(CO)3](NO3) and (NEt4)[Tc2(μ-

SCH2CH2OH)3(CO)6] . Polyhedron. 1996;15:1079−1089. 

187. Alberto R, Schibli R, Egli A, Schubiger P, Abram U, Kaden T. A Novel 

Organometallic Aqua Complex of Technetium for the Labeling of 

Biomolecules:  Synthesis of [99mTc(OH2)3(CO)3]+ from [99mTcO4]- in 

Aqueous Solution and Its Reaction with a Bifunctional Ligand. J. Am. 

Chem. Soc.1998;120:7987−7988. 

188. Schibli R, Bella R, Alberto R, Garcia G, Ortner K, Abram U, Schubiger P. 

Influence of the Denticity of Ligand Systems on the in Vitro and in Vivo 

Behavior of 99mTc(I)−Tricarbonyl Complexes:  A Hint for the Future 

Functionalization of Biomolecules. Bioconj. Chem. 2000;3:345−351. 

189. Jaouen G, Top S, Vessières A, Alberto R. New paradigms for synthetic 

pathways inspired by bioorganometallic chemistry. J. Organomet. Chem. 

2000;600:23−36. 



Chapter – 1   Introduction 

 
 

55

190. Minutolo F, Katzenellenbogen J. A Convenient Three-Component 

Synthesis of Substituted Cyclopentadienyl Tricarbonyl Rhenium 

Complexes. J. Am. Chem. Soc. 1998;120:4514−4515. 

191. Salmain M, Gunn M, Gorfti A, Top S, Jaouen G. Labeling of proteins by 

organometallic complexes of rhenium(I). Synthesis and biological activity 

of the conjugates. Bioconj. Chem.1993;4:425−433. 

192. Top S, Hafa H, Vessières A, Quivy J, Vaissermann J, Hughes D, 

McGlinchey M, Mornon J, Thoreau E, Jaouen G.Rhenium Carbonyl 

Complexes of .beta.-Estradiol Derivatives with High Affinity for the 

Estradiol Receptor: An Approach to Selective Organometallic 

Radiopharmaceuticals. Journal of Americian Chemical Society. 

1995;117:8372−8380. 

193. Spradau T, Katzenellenbogen J. Protein and Peptide Labeling with 

(Cyclopentadienyl)tricarbonyl Rhenium and Technetium. Bioconj. Chem. 

1998;9:765-772.  

194. Spradau T, Katzenellenbogen J. Synthesis and evaluation of a new 

inhibitor of phosphoglucose isomerases: the enediolate analogue 5-

phospho-D-arabinohydroxamate. Bioorg. Med. Chem. Lett. 1998;8:3235-

3238.  

195. Jaouen G, Top S, Vessieres A, Pigeon P, Leclercq G, Laios I. First anti-

oestrogen in the cyclopentadienyl rhenium tricarbonyl series. Synthesis 

and study of antiproliferative effects. Chem. Commun. 2001;383-384.  

196. Top S, Vessières A, Pigeon P, Rager M, Huché M, Salomon E, 

Cabestaing C, Vaissermann J, Jaouen G. Selective estrogen-receptor 

modulators (SERMs) in the cyclopentadienylrhenium tricarbonyl series: 

synthesis and biological behavior. Chem. Bio. Chem. 2004;5:1104-1113. 

197. Spradau T, Katzenellenbogen J. Preparation of Cyclopentadienyl 

tricarbonyl rhenium Complexes Using a Double Ligand-Transfer Reaction. 

Organomet. 1998;17:2009–2017.  

198. Masi S, Top S, Boubekeur L, Jaouen G, Mundwiler S, Spingler B, Alberto 

R. Direct Synthesis of Tricarbonyl(cyclopentadienyl)rhenium and 



Chapter – 1   Introduction 

 
 

56

Tricarbonyl(cyclopentadienyl)technetium Units from Ferrocenyl Moieties − 

Preparation of 17α-Ethynylestradiol Derivatives Bearing a 

Tricarbonyl(cyclopentadienyl)technetium Group. Eur. J. Inorg. Chem. 

2004; 2013–2017.  

199. Minutolo F, Katzenellenbogen J. Boronic Acids in the Three-Component 

Synthesis of Carbon-Substituted Cyclopentadienyl Tricarbonyl Rhenium 

Complexes. Journal of Americian Chemical Society. 1998;120:13264–

13265.  

200. Wald J, Alberto R, Ortner K, Candreia L. Aqueous one-pot synthesis of 

derivatized cyclopentadienyl-tricarbonyl complexes of 99mTc with an in situ 

CO source: application to a serotonergic receptor ligand. Angew. Chem., 

Int. Ed. 2001;40:3062–3066. 

201. Bernard J, Ortner K, Spingler B, Pietzsch H, Alberto R. Aqueous synthesis 

of derivatized cyclopentadienyl complexes of technetium and rhenium 

directed toward radiopharmaceutical application. Inorg. Chem. 

2003;42:1014–1022.  

202. Liu Y, Spingler B, Schmutz P, Alberto R. Metal-mediated retro Diels–Alder 

of dicyclopentadiene derivatives: a convenient synthesis of [(Cp-

R)M(CO)3] (M=99mTc, Re) complexes. Journal of Americian Chemical 

Society. 2008;130:1554–1555. 

203. Peindy N’Dongo H, Liu Y, Can D, Schmutz P, Spingler B, Alberto R. (. 

Aqueous syntheses of [(Cp-R)M(CO)3] type complexes 

(Cp=cyclopentadienyl, M=Mn, 99mTc, Re) with bioactive functionalities. J. 

Organomet. Chem. 2009;694:981–987. 

204. Peindy N'Dongo HW, Raposinho PD, Fernandes C, Santos I, Can D, 

Schmutz P, Spingler B, Alberto R. Preparation and biological evaluation of 

cyclopentadienyl-based 99mTc-complexes [(Cp-R)99mTc(CO)3] mimicking 

benzamides for malignant melanoma targeting. Nucl. Med. Biol. 

2010;37:255–264. 

205. Saidi M, Seifert S, Kretzschmar M, Bergmann R, Pietzsch H. 

Cyclopentadienyl tricarbonyl complexes of 99mTc for the in vivo imaging of 



Chapter – 1   Introduction 

 
 

57

the serotonin 5-HT1A receptor in the brain. J. Organomet. Chem. 

2004;689:4. 



 

 

SECTION 1 

 

Cancer Diagnosis 

 

 

 

 

 

 



Chapter – 2   99mTc-5-Fluorouracil  

 
 

59

CHAPTER – 2 

DEVELOPMENT OF 99mTc-5-FLUOROURACIL AS A 

POTENTIAL CANCER DIAGNOSTIC AGENT 

 

Cancer is the disease in which various changes occurred in gene expression. 

The abnormal growth of cells leading to disturbed the proportionality of cell 

multiplication and cell death. Cancer causes the increase in the population of 

cells that cause invading of the tissues and start metastasize to distant sites, that 

cause crucial morbidity and, if it remains untreated, it may cause death of the 

host1.  5-fluorouracil is a pyrimidine analog which belongs to antimetabolites 

family of pharmaceuticals, which is used as an anticancer drug in the 

chemotherapeutic treatment of various types of cancer as bowel, stomach, 

pancreatic, breast and gullet (esophagus) cancer.2It blocks the metabolism of 

malignant cells by occupying the active site of enzyme targets. Although, 5-

flourouracil is toxic by nature, it is effective as an antimetabolite treatment agent 

against solid tumors.3-7 This drug is involved in the metabolic activation of RNA to 

5-fluoro-2’-deoxyuridine-5-monophosphate principally and inhibits the enzymatic 

activity of thymidylate synthetase that is an important enzyme for DNA 

synthesis.8Thus, administration of 5-fluorouracil inhibits the development of 

pyrimidine thymidine, which is a nucleoside i.e., required for DNA replication and 

inhibits RNA replication enzymes as well, thereby eliminating RNA synthesis.It is 

also transformed into various types of cytotoxic metabolites inside the cells which 

are incorporated into DNA and RNA and cause arrest of cell cycle and apoptosis 

by reducing the cell's ability for DNA synthesis. Exosome complex activity which 

is essential for cell survival is stopped.9 Through blood supply; 5-flurouracil 

penetrates the extra vascular space to causelethal toxicity. Drug distribution of 5-

fluorouracil in tumors is influenced by the metabolic properties of the drug, the 

rate of diffusion through tissues, tissue binding and mitotic activity of the tumor 

cells. Due to the higher mitotic activity of the tumor cells versus the inflammatory 

cells, 5-fluorouracil can show tumors much better than inflammation.10-12 In the 
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present study, radiolabeling of 5-fluorourail was carried out by using Na99mTcO4 

to use it as a potential candidate for diagnosis of cancer, with the intention to 

deliver high dose of radiation to selected malignant sites in targeted tumor, while 

minimizing the radiation dose to surrounding healthy cells. As 5-fluorouracil has 

already been in use for chemotherapeutic treatment of cancer so its all 

pharmaceutical characteristics are well known. On the basis of these findings, we 

also performed the first clinical trial of 99mTc-5-fluorouracil applicationto diagnose 

advanced breast cancer patients.  

 

2.1 Materials 

All chemicals used for this research were of analytical grade. 5-fluorouracil, 

stannous chloride monohydrate and L-cysteine hydrochloride monohydrate, 

Trichloro acetic acid were purchased from Aldrich, USA. Octanol was purchased 

from Riedel-de Haën. 99mTc generator was taken from “Pakistan Institute of 

Nuclear Science and Technology (PINSTECH), Pakistan“. Saline was purchased 

from Ostuka, Pakistan. Rabbits were obtained from animal house at “Institute of 

Nuclear Medicine and Oncology (INMOL), Lahore, Pakistan“. Swiss Webster 

mice, weighing approximately 28g with naturally developed tumors were obtained 

from Animal House at “School of Biological Sciences, University of the Punjab, 

Lahore, Pakistan“. 

 

2.2 Methods 

2.2.1 Safety of 99mTc-5-fluorouracil 

Radiopharmaceutical kit was synthesized under sterilized conditions. Laminar 

flow hood was sterilized with spirit under UV light exposure for 24h. Glass 

apparatus used for the kit formulation was sterilized in a preheated oven at 

200ºC for 2h.  

 

2.2.2 Kit Formation 

10 mg 5-fluorouracil was dissolved in 10 mL of distilled water with continuous 

stirring. 5 mg of L-cysteine hydrochloride monohydrate was added in it. 
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Afterwards, 2 mg SnCl2.2H2O was added and pH was maintained at 7 by using 

5N NaOH, 1N NaOH and 0.1N NaOH. The product was passed through 0.22 µm 

membrane filter. 1 mL/ kit of resultant solution were dispensed in sterilized serum 

vials. 

 

2.2.3 Radiolabeling and quality control 

Three hundred and seventy MBq/0.5mL ofNa99mTcO4 were eluted from 99Mo-
99mTc generator, added to the kit and incubated at room temperature for 10min. 

Radiochemical purity of the 99mTc-5-fluorouracil was studied by using two simple 

chromatographic techniques, e.g., instant thin layer chromatography (ITLC) and 

paper chromatography (PC) with 3MM Whatman paper, and these were 

employed to find out the percentage of hydrolyzed, (radionuclide bound to ligand) 

and of free pertechnetate. Acetone was used as a mobile phase for paper 

chromatography and saline was used for ITLC. Small aliquots from the 99mTc-

labeled kit were spotted on respective strips. After elution, strips were cut in 

fractions of 1cm and radioactivity was measured in scintillation gamma counter 

(Scaler Timer–ST7, Thorn EMI–Nuclear Enterprises, United Kingdom).  

 

2.2.4 In vitrostability at room temperature 

In vitro stability of the 5-fluorouracil radiocomplex with 99mTc was studied at room 

temperature for time intervals varying from 0.2, 0.5, 1, 1.5, 2, 2.5, 3, 3.5, 4, 4.5 

and 5h. The purpose to determine the in vitro stability was to detect any 

dissociation of the complex at room temperature. For this purpose, ITLC-SG and 

Paper Chromatography (PC) were again used as standard techniques. The 

percentage dissociation of the complex at a particular time interval was detected 

by the percentage of free pertechnetate at that time. 

 

2.2.5 Protein binding 

2 mL fresh human blood was taken in the tube and 0.5 mL radiolabeled kit was 

added into the blood sample and incubated fir one hour at room temperature. 

The reaction was brought to physiological conditions by incubating the reaction 
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mixture at 37oC in water bath for 15 min. Contents of the reaction mixture were 

centrifuged for 10 min at 3000 rpm for separation of blood cells from serum. 

Serum was collected in a separate vial and equal volume of 10% TCA (trichloro 

acetic acid) solution was added in it. After shaking for 10 min, reaction mixture 

was centrifuged at 3000 rpm for 10 min. Residue was separated from 

supernatant and both were counted for radioactivity.  

 

2.2.6 Partition coefficient 

0.2 mL phosphate buffers of pH 6.6, 7.0 and 7.6 were taken in separate vials and 

equal volume of octanol was added in each vial. 0.2 mL radiolabeled kit was 

added in each vial. Vials were sealed and shake for 10 min. After vortex mixing, 

both layers were separated counted for radioactivity. Same procedure was 

repeated by using saline instead of phosphate buffer. 

 

2.2.7 Biodistribution 

For bioevaluation of the radiolabeled pharmaceutical as an imaging agent, the 

study was carried out in normal rabbit models. Valium injection was used as an 

anesthetic drug. 111 MBq/0.3 mL 99mTc-5-fluorouracil was injected intravenously 

to the ear vein. The scanning was executed on a dual head SPECT gamma 

camera to study the uptake of radiopharmaceutical and its route of excretion at 

various intervals of time. 

 

For studying the tumoral uptake of drug, 37MBq/0.2 mL 99mTc-labeled-5-

fluorouracil was injected intravenously in the tail of mice. Mice were dissected at 

15 and 60 min of post injection and percent uptake of drug in various organs was 

calculated by using scintillation gamma counter. 

 

2.2.8 Histopathology of the tumor 

After dissection, the tumor samples from the mice were subjected to HE stains 

and CK-specific immunostaining. For this purpose, paraffin-embedded blocks 

were prepared from the tumor tissue and 4 µm thick serial sections were 
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developed from the blocks. Streptavidin-biotin method was used to perform 

immunohistochemical staining with a murine monoclonal antibody, CAM 5.2, 

against CK of low molecular weight. The dehydrated and dewaxed constituents 

were heated for 10 min in a microwave oven for recovery of antigens in the 

specimens. The samples were incubated with 3% hydrogen peroxide in methanol 

to block the endogenous peroxidase. The tissue constituents were then 

incubated over night at 4°C with the primary antibody CAM 5.2 at 25 µg per mL. 

The second antibodies and biotinylated antibodies were applied against mice 

immunoglobulin and constituents were incubated with peroxidase-labeled 

streptavidin. Products were depicted with diaminobenzidine as the chromogen, 

and for the visualization of lymphocytes, constituents were counter stained with 

methyl green. Tris-buffered saline was used rather than primary antibody for 

negative controls. 

 

2.2.9 Safety experiment for human study 

Before applying the drug to the patients, the drug was tested in animal models. 

There were no signs of toxicity in animals till 72h of post injection (p.i.). The 

dose-related toxicity was investigated in a group of five rabbits for three 

consecutive days by injecting 100µg/kg of 99mTc labeled 5-fluorouracil. No signs 

of toxicity were observed till 72h after the last intravenous injection. The animal 

toxicity study was performed in accordance with the current rules of INMOL 

Hospital, Lahore, Pakistan. 

 

2.2.10Patient selection 

Four female patients with advanced breast cancer were selected for this study. 

The mean age of the patients was 31 years ranging from 24 years to 36 year. 

The selected patients were already receiving chemotherapeutic or 

radiotherapeutic treatments. None of the patients had history of allergy. Each 

patient gave her written consent after being fully informed about the procedure 

and about 99mTc-5-fluorouracil. Patients’ history is shown in Table 2.1.   
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Table 2.1 Patient history 

Patient ID History  

Patient 1 34 years old withright breast CA, on neo adjuvant 

chemotherapy, stage IV (tumor extends more than 2cm into 

liver, and/or into 2 or more adjacent organs). (Here, stage IV, 

means tumor invasion to adjacent organs). No distant 

metastasis was observed and the patient showed mild 

response to FAC: 5FU, adriamycin (doxorubicin) and 

cyclophosphamide. 

Patient 2 36 years old with left breast CA, stage IV with osseous and 

lung metastases. Patient was receiving palliative treatment of 

chemotherapy. 

Patient 3 29 years old with right breast CA, stage IV with metastases 

in the left breast and the scalp. The patient had received 

complete TAC: taxotere (docetaxel), adriamycin (doxorubicin), 

and cyclophosphamide chemotherapy treatment × 6 and RT × 

21 (radiation therapy) in 2004. Presently, the patient was on 

palliative chemotherapy. 

Patient  4 36 years old with left breast CA, stage IV- Invasive ductal 

carcinoma of 3cm and distant metastases. After four cycles 

of neo adjuvant chemotherapy, breast lump and axillary 

nodes regressed significantly. 

 

2.2.11Study protocol 

Before starting imaging studies, routine pathology lab tests of all patients like 

complete blood count, liver function tests, urea, and creatinine were determined. 

Besides these clinical laboratory investigations, the blood pressure and blood 

sugar level of all patients were also monitored. Urine samples were collected for 

routine chemical and microscopic examination. All these investigations were 

considered as baseline. A dose of 555MBq of 99mTc-5-fluorouracil was given i.v. 

in 30sec to acquire dynamic images of both breasts including axilla. During the 
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study, vital signs of the patients were monitored for any significant change from 

baseline. Scintigraphic results were co-evaluated with ultrasonography (USG) of 

the breasts (data from USG are not shown). Diagnosis was verified by biopsy of 

the cancerous specimen. 

 

2.2.12Imaging protocol 

The dynamic acquisition comprised of 10 frames of 60 sec each. Anterior and 

posterior whole body images were acquired at 0, 60, and 120 min, post injection 

(p.i.). Images were recorded by using a large field of view (LFOV) dual head 

gamma camera (Infinia II with Hawkeye option, GE, USA) equipped with all-

purpose collimator of low-energy, for acquisition. ICON8.5 Macintosh System 

(USA) interfaced with the camera was used for data processing. 

 

2.2.13Pharmacokinetics and biodistribution 

Imaging studies were performed with the 4 patients. To obtain clear visualization 

of the tumor, images were acquired in various positions, e.g., anterior, posterior, 

left lateral, right lateral and whole-body. A region of interest (ROI) was drawn on 

the whole body anterior and posterior views, and counts calculated by the 

geometric mean were considered as percentage of the injected dose at that 

particular time. Regions of interest were also drawn around other important 

organs like tumor, kidney, heart and bladder. The background regions were 

placed close to the ROI for background correction.Scans were analyzed 

semiquantitatively by calculating the injected dose per organ at 0h, 1h and 2h. 

Target to non-target ratios (T/NT) of images were also calculated at 0h, 1h and 

2h. Percentage injected dose (PID) at these time intervals was calculated using 

the following formula:  

PID=100×(organ counts at particular time)/ (total-body counts at that time). 

 

2.2.14Semi-quantitative analysis 

Scans with positive findings were analyzed semi-quantitatively by calculating 

T/NT for the 0h, 1h and 2h images. Tight placement of the ROI around the area 
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of increased accumulation of the tracer (target) was followed by mirroring of the 

ROI over the contralateral site (non-target). 

 

2.2.15Statistical analysis 

Patients were only four, thus no statistical results, such as sensitivity, specificity 

and accuracy could be determined. Nevertheless, correlation with the diagnostic 

results from radiology and pathology were of some value. 

 

2.3 Results 

2.3.1 Quality control of radiolabeled 5-fluorouracil 

During the radiolabeling of the drug, three species were formed, 99mTc-labeled 

complex, free activity (99mTcO4
-) and hydrolyzed 99mTcO2. By using paper 

chromatography and instant thin layer chromatography these three species were 

separated. The overall labeling yield of 99mTc-labeled 5-fluorouracil was 98.1 ± 

1.2%. 

 

2.3.2 In vitro stability of radiolabeled drug 

In vitro stability of the 99mTc-labeled 5-fluorouracil was evaluated as a function of 

time by determining the amount of free pertechnetate and colloid formed with 

constant intervals of time up to 5h. It was observed that the labeling efficacy 

remained >96.5 ± 0.4 % after 4h with minor fractions of free and colloid formation 

(Fig. 2.1). High labeling efficacy shows the validity of labeling technique with the 

radiometal.  
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Fig. 2.1 In vitro stability of 99mTc-labeled 5-flourouracil at room 

temperature. 

 

2.3.3 Protein binding 

It is essential to know the binding of the drug with blood protein before applying 

in vivo. In vitro protein binding of 99mTc-labeled-5-fluorouracil in human blood was 

observed to be 66.6 ± 3%. This feature might be of assistance to retain the drug 

in blood and decreasing the chance of any pharmacological change in body.13 

 

2.3.4 Partition coefficient 

Lipophilic characteristics of the drug high influence the pharmacodynamics and 

distribution of the drug in various body organs. The data for distribution of 99mTc-

labeled 5-flourouracil in hydrophilic and lipophilic media is given in Table 2.2 
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Table 2.2 Partition coefficient data of 99mTc- 5 Fluorouracil 

Hydrophilic media Lipophilic 

media 

Activity in 

hydrophilic media 

Activity in 

lipophilic media 

PO4
-3 buffer, pH=6.6 

 

 

 

 

Octanol 

99.7 ± 0.1 0.3 ± 0.01 

PO4
-3 buffer, pH=7.0 

 

99.1 ± 0.2 0.9 ± 0.02 

PO4
-3 buffer, pH=7.6 

 

99.6 ± 0.1 0.4 ± 0.01 

Saline 99.8 ± 0.2 0.2 ± 0.03 

 

 

2.3.5 Biodistribution in normal rabbit 

Biodistribution of 99mTc-labeled 5-fluorouracil was performed on normal rabbit for 

studying the distribution of drug in various body organs. The drug initially showed 

the faint uptake in heart and liver (Fig. 2.2) and then it starts excreted out from 

heart and liver within 1h. The most probable route of excretion was through 

kidney and bladder and no evidence of hepatobiliary excretion was found.  

 

The uptake of 99mTc-labeled 5-fluorouracil in tumor was evaluated by performing 

the biodistribution study in Swiss Webster tumor bearing mice. Mice were 

dissected at 15 and 60 min of post injection, each organ collected in separate 

test tube and counted for radioactivity in gamma scintillation counter. %ID/g in 

each organ is shown in Table 2.3 
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Fig. 2.2 Biodistribution study of radiolabeled 5-fluorouracil in rabbit at 

various time intervals, post injection (p.i.), (a) A posterior view at 7 min p.i. 

from a dynamic study of 15 min, (b) A posterior view at 15 min p.i. from a 

dynamic study of 15 min, (c) An  anterior view at 7 min p.i. from a dynamic study 

of 15 min, (d) An  anterior view at 15 min p.i. from a dynamic study of 15 min. (e) 

Static view in posterior posture at 1h p.i. (f) Static view in anterior posture at 1h 

p.i. (g) Static view in posterior posture at 2h p.i. (h) Static view in anterior posture 

at 2h p.i. (i) Static view in posterior posture at 3h p.i. (j) Static view in anterior 

posture at 3h p.i. (k) Static view in posterior posture at 4h p.i. (l) Static view in 

anterior posture at 4h p.i. 
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Fig.  2.3 Swiss Webster mouse having tumor in thorex region (a) Tumor 

bearing mouse before dissection (b) Tumor bearing mouse after dissection 

 

Table 2.3 %ID/g of radiolabeled 99mTc-5-flourouracil in various organs of 

mice 

Organ 

% ID/gat 15 min of 

post injection 

% ID/gat 60 min of 

post injection 

Tumor 11.13 ± 1.12 21.03 ± 1.01 

Brain 0.02 ± 0.12 0.06 ± 0.021 

Liver 5.09 ± 1.45 7.04 ± 2.34 

Heart 0.02 ± 0.05 0.07 ± 0.05 

Spleen 0.03 ± 0.02 0.09 ± 0.05 

Kidney 0.46 ± 1.22 12.46 ± 1.99 

Bladder 0.91 ± 0.02 7.21 ± 0.75 

Blood 0.01 ± 0.005 0.01 ± 0.005 

Lungs 0.01 ± 0.002 0.02 ± 0.005 

Muscles 0.19 ± 0.02 0.39 ± 0.05 

Tail (injection site) 71.21 ± 2.41 51.01 ± 1.05 
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2.3.6 Histopathology of tumor 

 

Percentage injected dose per gram in tumor tissues was measured and tumor 

was further investigated by histopathological study. Fig 2.4 presents the 

Immunohistochemistry data of tumor tissues after staining with cytokeratin (CK) 

and hematoxylin-eosin (HE).  

 

 

 

Fig. 2.4 Immunohistochemistry data of tumor tissue samples obtained 

after dissection of mice, A), Sex-cord stromal tumor of testis after staining with 

hematoxylin-eosin (HE), which was B) unidentifiable after immunostaining 

specific for cytokeratin (CK), thus showing cytokeratin negative.  

 

2.3.7 Imaging and pharmacokinetics of clinical study of breast 

cancer patients 

The 99mTc-5-fluorouracil was injected to the patients, lying under the single 

photon emission tomography (SPET) gamma camera (Infinia II with Hawkeye 

option, GE, USA) to study the flow of the drug. Dynamic and delayed images 

taken at various time intervals are shown in Fig. 2.5.  
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Fig. 2.5 Biodistribution of 99mTc-5-flurouracilin patient 1, where a), b) and 

c) dynamic images were taken at 1min, 10min and 15min p.i., d), e) and f) show 

the static views at 1h p.i., in anterior, right and left lateral views, g) and h) show 

static views at 2h p.i., in the right and left lateral views and i) and j) show whole-

body scans at 1h p.i., in the anterior and posterior views, respectively. Images (k-

o) are from patient 3, in which images (k, l, m) present the dynamic study at 

1min, 10min and 15min, and (n, o) the whole body scans at 1h p.i., in anterior 

and posterior posture views, respectively. In patient 3, the metastatic scalp lesion 

(MSL) is also visible in image (n), which is an anterior posture from a whole body 

view.  
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The biodistribution was calculated by using whole body images. Percentage of 

the injected dose in each organ is given in Table 2.4 and Fig. 2.6. 

 

The  above data show that uptake of 99mTc-5-fluorouracil in the primary tumor 

was maximum at 0h, i.e., 5.01 ± 2.97% and gradually decreased at 1h (4.74 ± 

2.99%) and 2h (3.80 ± 2.64%) similar was the heart uptake. The opposite pattern 

of uptake was observed in all other organs studied (Table 2.4 and Fig. 2.6). An 

excretion of the radiolabeled drug through kidneys and bladder was noticed.Due 

to logistic reasons, the study did not include the 10 min interval as the patients’ 

turnover was high at that time. 

 

 

Fig. 2.6 Scintigraphic biodistribution of 99mTc-5-fluorouracil. The values of 

percentage of the injected dose (% ID) for organs of interest are 

mean of the 4 patients. data taking whole body counts as 100% of 

the injected dose at each interval 
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Table 2.4 Biodistribution data of 99mTc-5-fluorouracil in breast cancer patients, expressed as percentage of the 

injected dose 

Patient %ID Tumor %ID Right 

kidney 

%ID Left kidney %ID Heart %ID Bladder 

 0h 1h 2h 0h 1h 2h 0h 1h 2h 0h 1h 2h 0h 1h 2h 

1 8.57 8.30 7.03 2.85 4.86 4.65 2.79 3.30 4.04 2.75 2.24 1.40 6.68 13.4 20.2 

2 2.86 2.72 1.63 3.01 3.48 6.3 3.03 3.23 6.37 2.60 2.24 1.80 10.7 14.8 9.5 

3 3.80 3.50 2.58 3.01 3.43 5.34 3.03 4.86 4.42 3.97 3.53 3.38 10.7 12.1 20.6 

4 1.84 1.44 1.32 2.35 2.80 5.34 2.23 2.72 4.42 2.82 2.17 3.38 6.52 11.9 20.6 

Mean 

 ±  

SD 

5.01

± 

2.97 

4.74 

± 

2.99 

3.80 

± 

2.64 

2.88 

± 

0.31 

3.88 

± 

0.90 

5.57 

± 

0.67 

2.86 

± 

0.37 

3.76 

± 

0.92 

5.07 

± 

1.05 

3.19 

± 

0.63

2.71 

± 

0.65 

2.66 

± 

0.94 

9.29 

± 

2.4 

13.4 

± 

1.31 

19.1 

± 

5.5 

ID: injected dose 
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Target to nontarget ratios were calculated to evaluate the optimum visulization 

time of the image. The counts in T/NT tissues of the 4 patients were used for 

studying the T/NT ratio. These data indicated that T/NT ratio was maximum at 

1h, i.e., 1.74±0.66%. T/NT at 0h was 1.71±0.41% and 1.70±0.87% at 2h. These 

data are given in Table 2.5 and Fig. 2-7, respectively. 

 

Table 2.5 Target to non target uptake at 0h, 1h and 2h 

Patient T/NT 

0h 1h 2h 

1 2.26 2.71 3.01 

2 1.74 1.62 1.27 

3 1.48 1.34 1.28 

4 1.33 1.30 1.24 

Mean ± SD 1.71 ± 0.40  1.74 ± 0.66 1.7 ± 0.87 

 

 

Fig. 2.7 T/NT at 0h, 1h and 2h in 4 patients using uptake from tumor as 

targeted data while uptake in the rest of the organs as non-targeted 

uptake. 
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2.4 Discussion 

 

5-Fluorouracil is a chemotherapeutic agent, which is widely used for the 

therapeutic treatment of different types of cancers. In present study 5-fluorouracil 

was radiolabeled with technetium-99m to evaluate its potential as cancer 

diagnostic agent. The kit formulation of 5-fluorouracil was carried out by 

reduction method, employing Sncl2.H2O as reducing agent. The radiochemical 

purity of the radiotracers was studied by chromatographic technique i.e. paper 

chromatography (PC) and instant thin layer chromatography (ITLC) by using 

acetone and saline as mobile phase. In paper chromatography, free activity 

(99mTcO4
-) had an Rf = 0.8 – 0.9, while the 99mTc-labeled 5-fluorouracil and 

hydrolyzed activity (99mTcO2) appeared at Rf of 0.00 – 0.01. The hydrolyzed 

fraction was separated from 99mTc-labeled kit by using ITLC, in which, the 99mTc-

labeled 5-fluorouracil and free activity appeared at Rf = 0.9 – 1.0, and hydrolyzed 

specie (99mTcO2) was remain at origin (Rf = 0.00 – 0.01). The radiocomplex of 
99mTc-5-fluorouracil exhibited radiolabeling efficacy 98.1 ± 1.2 %. In vitro stability 

of the radiotracer was studied up to 5h at room temperature. Radiocomplex 

showed only 0.4% to 0.5% degradation.  

 

Protein binding in human blood is an essential parameter to know the 

pharmacokinetic behavior of the drug after labeling with technetium-99m. 99mTc-

5-fluorouracil showed 66.6 ± 3.012 % binding with plasma protein. High protein 

binding helps the drug to retain in blood and decreases the chance of any 

pharmacological change in body.  

 

Partition coefficient of the drug affects their binding to the receptor targets14,15. 

One drawback of lipophilic drug is that it tends to be toxic because of longer 

retention and wider distribution in body. While hydrophilic drugs show rapid 

clearance from body, so it is highly recommended to make drug with high 

hydrophilic properties.16Partition coefficient was estimated in terms of n-octanol 
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verses saline and phosphate buffers of various pH (6, 7, 7.6). Data in Table 2.2 

shows that drug is hydrophilic in nature. 

 

The normal distribution of 99mTc-5-fluorouracil in various body organs was studied 

after administration of the drug to rabbits. Absence of radioactivity in stomach 

and thyroid presents the in-vivo stability of drug. The faint retention of radiotracer 

in liver might be due to its metabolism in liver. Initially the labeled drug shows 

uptake in liver (Fig. 2.3), and then it started excreting from the liver within 1h. The 

findings of the present study support the earlier study in which 5-fluorouracil 

showed high intracellular catabolite gradient. This might be because of the slow 

transfer of charged metabolite formed across the cell membrane. Although, the 

present study did not provide any explanation of high uptake in liver, it can be 

proposed that the present radiocomplex might be taken inside the liver cells and 

that its degradation leads to the formation of the 99mTc-complex which is not 

being easily eliminated out of the cell. In other tissues, two different trends of 

change in activity have been observed17. 

 

The tumoral uptake of 99mTc-5-fluorouracil was studied by performing the 

biodistribution study in tumor bearing Swiss Webster mice. High uptake of 

radiocomplex in tumor presents the significant application of the drug for 

diagnosis of cancer.The uptake of the radiopharmaceutical in tumor is dependent 

on various factors, such as nature of the complex, blood flow, pH, plasma 

concentration etc. The probable route of excretion of the drug was through 

kidney and bladder18 and no evidence of hepatobiliary excretion was found. Mice 

were dissected at 30 min and 60 min of post injection; various organs were 

collected in separate test tubes and counted for radioactivity in scintillation 

gamma counter. The major accumulation of radioactivity was in tumor (11.13 ± 

1.12%ID/g at 15 min p.i. and  21.03 ± 1.01 %ID/g at 60 min p.i.) followed by liver 

(5.09 ± 1.45 %ID/g at 15 min p.i. and  7.04 ± 2.34 %ID/g at 60 min p.i.). All 

organs showed increase in activity from 15 min to 60 min study. Tumor was 

further investigated by histopathological study.  
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After staining the tumor tissues with immunostaining specific for cytokeratin (CK) 

and hematoxylin-eosin (HE) (Fig. 2.4), histopathological data revealed that sex-

cord stromal tumor of testis of diverse histopathology type might be present. 

Afterwards, immunohistochemical staining for cytokeratin (Figure 2.4 B), which is 

a marker of luminal epithelial cells, was applied. The cytokeratin (CK) findings 

were marked as negative because cells remained unidentifiable after 

immunostaining specific for CK. 

 

This study provides the first clinical evidence for 99mTc-5-fluorouracil as a 

possible cancer imaging agent in advanced breast carcinoma. We have modified 

the radiolabeling procedure, previously reported by others in animal models,19 by 

using 1mg 5 fluorouracil/kit, rather than 2mg/kit, Secondly, the previous study,19 

used 75mg/kit of SnCl2.2H2O, for reducing 99mTc, while we have decreased this 

amount to only 0.2mg/kit. The safety experiments were performed by using 

370MBq of Na99mTcO4 for radiolabeling of 5-fluorouracil. The quality control of 
99mTc-5-fluorouracil, which was performed by using paper and instant thin layer 

chromatography, showed that 98±1% of the drug was radiolabeled. The 

scintigraphic procedure was used to evaluate biodistribution and biokinetics of 

the radiopharmaceutical. For this purpose, 555MBq of 99mTc-5-fluorouracil was 

injected intravenously, to the patient. 

 

Safety clinical trial tests are essential for any drug before it is widely used. These 

tests include preparation of drug under sterile conditions and applying it to an 

animal for a study lasting for 72h. After applying the above we proceeded to the 

present study. All animal and human studies were performed at the Institute of 

Nuclear Medicine and Oncology (INMOL), Lahore, Pakistan, according to the 

local rules and regulations of the country (IINMOL 53/07). Human studies were 

performed by their informed written consent about the new drug and the whole 

procedure. Earlier studies with 18F-5-fluorouracil showed ‘entrapment’ inside the 

tumor cell.20-2299mTc-5-fluorouracil also showed maximum tumor uptake 
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immediately after injection which decreased with time as other studies have 

shown in animals23 and in colorectal carcinoma patients using PET.24 

 

The optimum time for imaging was 1h. Others10 showed in animals a high T/NT 

ratio of 2h. 

 

Previous studies showed that 5-fluorouracil is more specific to solid tumors rather 

than inflammatory lesions.10 Very high target to background ratios were observed 

in 99mTc-5-fluorouracil scans with negligible activity in the liver and heart. These 

findings support the fact that 99mTc-5-fluorouracil is a tumor specific agent that 

can safely be used for diagnostic imaging, and possibly for treatment follow-up. 

However, since our preliminary study included only 4 patients, further 

investigations are necessary to introduce the use of 99mTc-5-fluorouracil in routine 

clinical practice, to determine tumor chemosensitivity and to compare the present 

technique with other similar breast imaging techniques. 

 

In conclusion,the above data indicated that 99mTc-5- fluorouracil had a sufficient 

uptake in tumoral cells of patients with advanced breast cancer with very low 

uptake in normal tissues, and had the potential to be used as an imaging agent 

for breast carcinoma. Furthermore, this technique was easy and of low cost as 

compared to similar techniques with 99mTc-sestamibi or 99mTc(V)-DMSA.  
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CHAPTER – 3 

DEVELOPMENT OF 99mTc-METHOTREXATE FOR TUMOR 

SCINTIGRAPHY 

 

The folic acid and its analogs have high affinity for the folate receptor positive 

tissues and they show uptake in tumor cells by folate receptor mediated 

endocytosis.1 The folate receptors are over expressed in various human tumors 

that include breast, cervical, renal, ovarian and colorectal. The folate receptors 

are present in very limited amount in normal tissues that make folate and its 

analogs potential molecular targets for tumoral imaging.2,3Methotrexate is 

commonly known as amethopterin, it is an antimetabolite of folic acid analog. It is 

used for the treatment of ectopic pregnancy, cancer, antineoplastic agent, 

autoimmune diseases, for the induction of medical abortionsand  higher doses of 

methotrexate can produce a therapeutic response in patients with bone 

metastases.4,5 Methotrexate inhibits the synthesis, repair and cellular replication 

of DNA. Methotrexate is used for treatment of neck, esophageal, gastric, 

pancreatic, lung, ovarian, bladder, cervical, breast, and head, colorectal and 

penile carcinoma.6 Radiolabeling of methotrexate was designed for diagnosis of 

various types of cancers by developing the procedure for its radiolabeling with 

technetium-99m. It helps us to deliver high dose of radiation to selected 

malignant sites in targeted tumor or tissues, while minimizing the exposure of 

radiation to healthy cells.Various parameters was studied which include in 

vitrostability of radiolabeled drug; protein binding, partition coefficient and 

biodistribution of radiolabeled methotrexate in animal. 
 

3.1 Materials 

Analytical grade methotrexate and acetone were purchased from Merck, 

Germany, stannous tartrate was purchased from Sigma Aldrich, Trichloroacetic 

acid was purchased from BDH laboratory reagents, England, 99mTc generator 

was taken from “Pakistan Institute of Nuclear Science and 
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Technology(PINSTECH)”, and plasaline bottles were purchased from Ostuka, 

Pakistan. Mice were obtained from animal house of School of Biological 

Sciences (SBS), university of the Punjab, Lahore, Pakistan.  

 

3.2 Methods 

3.2.1 Development and radiolabeling of kit 

20 mg methotrexate was dissolved in 10 mL of distilled water. 100 µL 5N sodium 

hydroxide was added during stirring to clear the solution. 10 mg ascorbic acid 

was added in it. Afterwards, 50 mg stannous tartrate was taken in a separate vial 

and 300 µL Concentrated HCl was added dropwise and heated for few seconds 

to get clear solution. The volume was made 10mL with distilled water. 800 µL (4 

mg) stannous tartratesolution was added in reaction vial. pH was maintained to 

8.3-8.5 with 1N HCl and 0.1N HCl. The solution was filtered through 0.22 µm 

membrane filter. 1 mL/kit of resultant solution was dispensed in sterilized serum 

vials. 555MBq/mL of Na99mTcO4 eluted from generator was added to the kit and 

incubated at room temperature for 15 min. 

 

3.2.2 Radiochemical purity and stability analysis 

Radiochemical purity of the complex was determined by chromatographic 

techniques, i.e., Instant Thin Layer Chromatography–ITLC (silica gel coated fiber 

glass) and Paper Chromatography – PC (3MM whatman paper). 12 cm long and 

1 cm wide PC and ITLC strips were taken and 10 µL aliquots from the 

reconstituted kit was spotted on the respective strips. PC was eluted in methyl 

ethyl ketone while ITLC was eluted in saline. After elution strips were cut into 1 

cm fraction and activity was measured. In vitro stability of the methotrexate 

complex with 99mTc was studied at room temperature for time intervals varying 

from 0.2h to 5h by using chromatographic techniques i.e., ITLC and PC.  
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3.2.3 Protein binding and lipophilicity 

Protein binding and lipophilicity of 99mTc-methotrexate was studied by following 

the same procedure given in 2.2.5 and 2.2.6 by replacing 99mTc-5-fluorouracil 

with 99mTc-labeled methotrexate.  

 

3.2.4 Bioevaluation 

For studying the tumoral uptake of drug, 74MBq/0.2 mL 99mTc-methotrexate was 

injected intravenously in the tail of tumor bearing Swiss Webster mice of weight 

24g-27g. Ether was used as anesthesia. Mice were dissected at 30 min, 60 min 

and 90 min of post administration of the drug. Organs were collected, weighed 

and counted for radioactivity. The radioactivity was measured in various organs 

and tumor, which was expressed as percent injected dose per gram. 

 

3.2.4.1 Histopathology of tumor 

Specimen (2 x 2 cm diameter) has smooth, reddish in appearance that was 

bisected and entirely submitted on tissue cassette. All the samples were 

processed in the processor for 14-15h. Specimens were embedded, blocks 

prepared with wax and frozen. After cutting slides on microtome (in size of 3 

micron), samples were prepared for staining and reporting. The blocks were cut; 

slides dewaxed on hot plate, and dipped in xylene. The process was repeated 

three times, and placed the slides in 95% ethanol for 10-20 min followed by 75% 

ethanol for 5-7 min. The process was again repeated three times, placed slides 

in haematoxlyne for 15 min followed by placement in running tab water for 10 

min. Decolorization was developed by placing the slides for 1-2 sec in standard 

acid decolorizer. The rinsing was carried out in standard ammonia solution 

containing 2 ml NH3 in 8 ml water, followed by rinsing in water and placing in 

Eosin for 5 min. The slides were further rinsed through ethanol by using 

increasing concentrations of 75%, 80% and 95%. Slides were finally placed in 

xylene container, cleaned, put in mounting media and covered with slips. 
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3.3 Results 

3.3.1 Radiochemistry 

The chromatography was performed in two solvents methyl ethyl ketone and 

saline to estimate the quantitative percentage of 99mTc-methotrexate complex, 

free pertechnetate (99mTcO-
4) and colloid formed, which were separated by PC 

and ITLC, respectively. The radiocomplex exhibited 98.2 ± 0.5% labeling efficacy 

with less than 0.4 ± 0.01% colloid formation. 99mTc-labeled methotrexate was 

sufficiently stable (only 1-1.7% degradation) in in vitroexperiments up to 5h at 

room temperature. The high labeling efficacy shows the validity of labeling 

technique with the radiometal. Graphical presentation is given in the Fig. 3.1. 

 

3.3.2 Protein binding and Lipophilicity 

Before studying the uptake of drug in an organism, binding with plasma protein 

was checked in an in vitroprocedure.The protein binding assessed in human 

serum was found to be 79.3 ± 3.65%.Partition coefficient is an important 

parameter to be studied for evaluating pharmacokinetic characteristics of the 

drugs.99mTc labeled methotrexate was evaluated for its lipophilic characteristics. 

Result shows that 99mTc labeled methotrexate has maximum activity in 

hydrophilic layers (phosphate buffers of pH 6.6, 7.0, 7.6 and saline), suggesting 

that the radiolabeled drug is hydrophilic in nature. Data are shown in the Table 

3.1. 

 

3.3.3 Biodistribution 

The uptake pattern of radiolabeled drug in tumor was evaluated by performing 

the biodistribution study in tumor bearing Swiss Webster mice. Maximum 

accumulation of radiolabeled drug in tumor presents its significant application in 

tumor diagnosis. Mice were dissected at 30 min, 60 min and 90 min post 

injection, various organs were collected and counted for radioactivity in gamma 

scintillation counter. %ID/g in various organs is shown in Table 3.2. 
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Fig. 3.1 Percentage binding of  99mTc labeled methotrexate kit at various 

intervals 

 

Table 3.1 Partition coefficient of 99mTc-Methotrexate 

Hydrophilic 

media 

Lipophilic 

media 

Activity in 

hydrophilic 

media 

Activity in 

lipophilic 

media 

PO4
-3 buffer pH=6.6 

 

 

 

 

Octanol 

99.3 ± 0.3 0.3 ± 0.03 

PO4
-3 buffer pH=7.0 

 

99.1 ± 0.5 0.9 ± 0.05 

PO4
-3 buffer pH=7.6 

 

99.6 ± 0.2 0.4 ± 0.05 

Saline 99.8 ± 0.1 0.2 ± 0.05 
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Fig.  3.2 Swiss Webster mouse injected with 99mTc-methotrexate  

having tumor in thorex and left side of lower abdomen region (a) Tumor 

bearing mouse before dissection (b) tumor bearing mouse after dissection 

 

Table 3.2 %ID/g of 99mTc-labeled methotrexate in various organs of mice 

Organs %ID/g at 30 min %ID/g at 60 min %ID/g at 90 min 

Tumor 1  5.871 ± 0.123 6.222 ± 0.295 6.320 ± 0.456 

Tumor 2  2.845 ± 0.234 3.766 ± 0.222 3.777 ± 0.177 

Blood 0.654 ± 0.012  0.761 ± 0.044 0.687 ± 0.094 

Liver 4.191 ± 0.466  3.111 ± 0.555 1.440 ± 0.987 

Heart 0.311 ± 0.022  0.176 ± 0.029 0.156 ± 0.065 

muscle 0.213 ±0.094  0.456 ± 0.102 0.321 ± 0.069 

Spleen 0.371 ± 0.043  0.309 ± 0.021 0.149 ± 0.044 

Lungs 0.760 ± 0.100  0.512 ±0.999 0.339 ± 1.100 

Stomach 0.0020±0.001 0.0023±0.001 0.0022±0.001 

Bladder 2.841 ± 0.232  3.954 ± 0.324 4.119 ± 0.543 

Kidneys 3.473 ± 0.934 4.776 ± 1.220 5.987 ± 1.165 

Tail 32.38 ± 1.432 30.09 ± 2.990 27.69 ± 2.543 

Tumor 1 in abdomen region, Tumor 2 in thorax region 

 



Chapter – 3   99mTc-Methotrexate 

 
 

88

3.3.3.1 Histopathology of tumor 

HE shows a neoplasm composed of small granular structures arranged back to 

back. Cell lining shows hyperchromatic nuclei. Some of the glands contain 

secretions in lumina, thus showing presence of abnormal mitotic figures. 

Morphological features are suggestive of moderately differentiated 

adenocarcinoma. 

 

 

Fig 3.3Immunohistochemistry data of tumor tissue samples obtained after 

dissection of mice, A), tumor of lower abdomen after staining with 

hematoxylineosin (HE). B) tumor of thorex after staining with hematoxylin-eosin 

(HE). 

 

3.4 Discussion 

 

The present study shows the potential of technetium-99m labeled methotrexate 

as tumor scintigraphic agent. High accumulation of drug in tumor tissues was 

observed during biodisribution in tumor bearing mice. It help  to deliver the high 

dose of radiation to selected malignant sites in targeted tumor, while minimizing 

the radiation doses to surrounding healthy cells. Methotrexate is a well-known 

drug for chemotherapeutic treatment of various types of cancers, which make it 

more feasible to use as diagnostic drug as all of its pharmaceutical 

characteristics are well known. 
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In this study, easy and simple method for radiolabeling of methotrexate with 

technetium-99m under physiological conditions has been reported. The labeling 

efficacy of drug was studied by using paper chromatographic and instant thin 

layer chromatography, 98.2 ± 0.5 % radiolabeling was observed. In vitro stability 

of radiolabeled drug was studied up to 5h, which shows that more than 97.5% 

drug is stable at room temperature.  

 

The drugs bind to the plasma protein or many other biological materials like 

glycoprotein, lipoprotein, albumin, erythrocytes, and α, β-, and -globulins. 

Albumin is an important plasma protein having concentration of 3.5 to 5 g/dl in 

blood.7 Radiolabeled drug and plasma protein interactions affect the 

pharmacokinetic parameters such as metabolism, volume of distribution, and 

excretion of the drug, and accordingly the dosage.8 Radiolabeled drug binding 

with plasma protein is an essential parameter for the measuring the effectiveness 

of chelating moiety to coordinate the radiometal. The transchelation is involved in 

this process in which radiometal in labeled drug transchelate to blood proteins 

particularly albumin. So it is important to study the in-vitro blood protein binding 

with radiolabeled drug before it applied to any organism. Plasma proteins provide 

a depot for drugs by maintaining buffered free drug levels and assist drug 

distribution.9 As mentioned in results, the drug shows 79.3 ± 3.65% binding with 

blood protein. It may help it retain in blood and decreases the chance of any 

pharmacological change in body. 

 

Partition coefficient is an essential parameter to study for any drug. The lipophilic 

characteristics of drug affect the binding of drug to the receptor targets.10,1199mTc 

labeled methotrexate shows significant hydrophilic character, which helps to 

rapidly reach the target area and show rapid clearance. 

 

Previous studies revealed that methotrexate showed receptor binding 

accumulation in tumoral cells and it has significantly low uptake in normal cells.12-

14 On the basis of the previous studies, the bioevaluation of 99mTc-methotrexate 
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was performed on tumor bearing Swiss Webster mice. Mice were dissected at 30 

min, 60 min and 90 min of post injection. Data show the prominent uptake of the 

drug in liver (4.191 ± 0.466 %ID/g at 30 min p.i., 3.111 ± 0.555 %ID/g at 60 min 

p.i., 1.440 ± 0.987 %ID/g at 90 min p.i.) and tumor (tumor 1 = 5.871 ± 0.123 

%ID/g at 30 min p.i., 6.222 ± 0.295 %ID/g at 60 min p.i., 6.320 ± 0.456 %ID/g at 

90 min p.i.) ( tumor 2 = 2.845 ± 0.234 %ID/g at 30 min p.i., 3.766 ± 0.222 %ID/g 

at 60 min p.i., 3.737 ± 0.177 %ID/g at 90 min p.i.). The uptake in liver decreased 

with time. In case of tumor, prominent increase in uptake was observed from 30 

min to 60 min while at 90 min,a slight decrease was observed. The retention of 

radiolabeled methotrexate in liver might be due to the metabolism in liver.  High 

uptake of radiolabeled methotrexate in tumor presents its significant application 

in diagnosis of cancer. The low uptake of radioactive drug in stomach shows the 

minimal in vivo decomposition of radiolabeled drug to form free 99mTcO4
-. The 

most probable route of excretion of the drug was through kidney and bladder. 
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CHAPTER – 4 

DEVELOPMENT OF RADIOPHARMACEUTICALS FOR 

CANCER DIAGNOSIS BY USING BIOMOLECULES 

 

Certain biomolecules are widely used as cancer diagnostic agents because of 

their favorable pharmacokinetic behavior. Being essential constituents of food, 

they are harmless to body. They are usually used as carrier to deliver the 

radiotracer to targeted area inside the body without causing any damaging effect 

to normal tissues. Click chemistry is method of choice which is used for the 

development of cancer diagnostic drugs. The assesment of novel drugs in 

animals and human beings by using radiolabeled biologically active biomolecules 

is a useful tool. The click chemistry stretegy involved the copper(1) catalysed 

alkyne-azide cycloaddition, which provided that highly stable 1,4-disubstituted 

1,2,3-triazoles with such efficiency.1 Thus, Click chemistry strategy can be 

sucessfully applied by using various biomolecules such as peptides, vitamins, 

carbohydrates and nucleoside analogues. In present work, two biomolecules i.e., 

1-azido-1-deoxy-β-D glucopyranoside and folate azide were selected and their 

complexes were synthesized by using click chemistry.  

 

Various strategies have been report for the synthesis of suitable bifunctional 

chelating system radiolabeling with technetium-99m and rhenium-188 and their 

assimilation into the biomolecules.  Click chemistry has various applications in 

target oriented synthesis5,6  and biological conjugation2,3 and building molecular 

library.4-9 Click chemistry is the valuable tool for repaid and efficient 

functionalization of tumor targeting biomolecules for the radiolabeling with 99mTc 

and in particular with [99mTc(H2O)3(CO)3]+ 10. The organometallic precursor 

[99mTc(CO)3(H2O)3]+ (isolink kit)11 is widely used for the radiolabeling of 

biomolecules12-14. Various tridentate ligand systems are reported for forming 

complex with 99mTc tricarbonyl core13.  
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4.1 Materials 

 

1-azido-1-deoxy-β-D glucopyranoside, Copper acetate, sodium ascorbate was 

purchased from sigma aldrich, folate azide was obtained fromSwitzerland via 

research collaboration. Isolink kit was purchased from Mallinckrodt. All other 

general chemicals used during this work were of analytical grade. Swiss Webster mice 

were purchased from school of biological science, University of the Punjab, Lahore. 

 

4.2 Methods 

4.2.1 Synthesis 

4.2.1.1 Synthesis of 1-azido-1-deoxy-β-D glucopyranoside complex 

500 µL (0.01 M) propargly glycine solution was taken in a sterilized serum vial. 

75 µL (0.01M) copper acetate, 150 µL (0.01 M) solution of sodium ascorbate and 

650 µL (0.01M) solution of 1-azido-1-deoxy-β-D- glucopyranosidewas added and 

vial was sealed with rubber stopper and aluminmium cap. The vial was heated in 

boiling water bath for 1h. After 1h the vial was allow to cool at room temerature. 

The product was varified by elemental analysis, ESI MS, 1H-NMR and 13C –

NMR.   

 

4.2.1.2 Synthesis of folate azide complex 

For synthesizing the folate azide derivative using click chemistry, the following 

reagents were combined in a sterilized serum vial for the reaction.  

a. 50 µL of 0.01M propargyl glycine solution 

b. 7.5 of 0.01M copper acetate solution 

c. 15 µL of 0.01M sodium ascorbate solution 

d. 65 µL of 0.01M folate azide solution 

Vial was sealed and heated in boiling water bath for 1h. The product was varified 

by elemental analysis and MALDI. 
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Scheme 4.1 Formation of 1-azido-1-deoxy-β-D-glucopyranoside complex 

via click chemsitry 

 

 

 

 

Scheme 4.2 Formation of folate azide complex via click chemsitry 
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4.2.2 Radiolabeling and radiochemical purity analysis 

The radiolabeling procedure involves two steps. In the first step isolink kit was 

radiolabeled with99mTc to form [99mTc(CO)3(H2O)3]+ . In the second step carbonyl 

core of isolink kit was tagged with ligand to form radiolabeled complex. 

 

4.2.2.1 Preparation of [99mTc(CO)3(H2O)3]+ ( Isolink kit) 

555 MBq/mL of sodium pertechnetate from a commercial generator was added in 

sealed tubing vial containing Isolink kit (Mallinckrodt). The vial contained the 

lyophilized formulation of “4.5 mg sodium boranocarbonate, 2.85 mg sodium 

tetraborate.10H2O, 8.5 mg sodium tartrate.2H2O and 7.15 mg sodium 

carbonate”. The vial was placed in a boiling water bath for 20 min and kit was 

neutralized by 0.18 mL 1N HCl. The radiochemical purity of the labeled complex 

was measured by paper chromatography (PC) and instant thin layer 

chromatography (ITLC). 

 

4.2.2.2 Radiolabeling of 1-azido-1-deoxy-β-D glucopyranoside complex 

and folate azide with [99mTc(CO)3(H2O)3]+ 
99mTc-Carbonyl complex [99mTc(CO)3(H2O)3]+ was added in 138 µL 1-azido-1-

deoxy-β-D glucopyranoside complex/folate azide complex and  heated in boiling 

water bath for one hour. The radiochemical purity (RCP) of the radiolabeled 

complexes was studied by paper chromatography (PC) and instant thin layer 

chromatography (ITLC), by following the same procedure given in 2.2.3. 

 

4.2.3 In vitro analysis of drugs 

Before applying the radiopharmaceuticals to animals, few in vitro experiments 

were performed to know the pharmacokinetic and pharmodynamic behavior of 

the drugs. In vitro stability of the radiolabeled complexes at room temperature up 

to 5h, coupling with blood plasma proteins and partition coefficient was studied 

by following the same procedure given in 2.2.4, 2.2.5 and 2.2.6. 
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Scheme 4.3 Radiolabeling of 1-azido-1-deoxy-β-D-glucopyranoside 

complex by using technitium-99m labeled isolink kit. 

 

 

Scheme 4.4 Radiolabeling of folate azide complex by using technitium-

99m labeled isolink kit. 
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4.2.4 Bioevaluation 

4.2.4.1 Safety Measurements 

Before bioevaluation of the radiopharmaceuticals in animals few safety 

measurements were made. The whole apparatus for kit formulation was sterilized 

in oven for 2h at 200ºC. The laminar flow hood was sterilized with spirit and UV 

light exposure for 24h. The finally prepared kit was passed through 0.22 µm 

membrane filter. 

 

4.2.4.2 Bioevalution in normal mice 

For evaluating the normal distribution of the drug healthy Swiss Webster mice of 

weight 28 ± 1g were used. 37 MBq/0.1 mL radiolabeled kit was injected 

intravenously in the tail of mice. Mice were dissected at 15 min and 60 min of 

post injection. Various organs were collected and counted for radioactivity. 

 

4.2.4.3 Bioevaluation in tumor bearing mice 

For evaluating the potential of drug as tumor diagnostic agent, drug was injected 

in tumor bearing Swiss Webster mice of weight 26 ± 0.8g. 37 MBq/0.1 mL kit was 

injected intravenously in the tail of tumor bearing Swiss Webster mice The mice 

were dissected at 15 min and 60 min of post injection. Organs were and counted 

for activity. Tumors were further investigated by histopathological studies. 

 

4.2.4.4  Histopathology of tumor 

Specimen (2.1 x 2.1 cm diameter) has smooth, reddish in appearance that was 

bisected and entirely submitted on tissue cassette. All the samples were 

processed in the processor for 14-15h. Specimens were embedded, blocks 

prepared with wax and frozen. After cutting slides on microtome (in size of 3 

micron), samples were prepared for staining and reporting. The blocks were cut; 

slides dewaxed on hot plate, and dipped in xylene. The process was repeated 

three times, and placed the slides in 95% ethanol for 10-20 min followed by 75% 

ethanol for 5-7 min. The process was again repeated three times, placed slides 

in haematoxlyne for 15 min followed by placement in running tab water for 10 
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min. Decolorization was developed by placing the slides for 1-2 second in 

standard acid decolorizer. The rinsing was carried out in standard ammonia 

solution containing 2 mL NH3 in 8 ml water, followed by rinsing in water and 

placing in Eosin for 5 min. The slides were further rinsed through ethanol by 

using increasing concentrations of 75%, 80% and 95%. Slides were finally placed 

in xylene container, cleaned, put in mounting media and covered with slips. 

 

4.3 RESULTS 

4.3.1 Synthesis 

4.3.1.1 Synthesis of 1-azido-1-deoxy-β-D glucopyranoside Complex by 

using Click Chemistry 

Synthesis of 1-azido-1-deoxy-β-D- glucopyranoside complex was carried out by 

using reaction called click chemistry. In this procdure azide and alkyne 

specifically combined during copper catalyzed azide alkyne cycloaddition formed 

1,4 disubstituted 1,2,3 triazol ring. . Elemental analysis data predicted the 

molecular formula of ligand is C11H18N4O7 (C, 41.49 %; H, 5.67 %; N, 17.63 %) 

which is consistent with the theoretically calculated formula i.e. C11H18N4O7:(C, 

41.50 %; H, 5.66 %; N, 17.61 %). The ESI-MS of the product gave peak at m/z 

318.12, consistent with the molecular formula C11H18N4O7 (M + H+). The Figure 

4.1 shows the structure and Table 4.1 and Table 4.2 presents the 1H, 13C NMR 

data of click-1-azido-1-deoxy-β-D- glucopyranoside complex. 

 

 

Fig. 4.1 Structure of click-1-azido-1-deoxy-β-D- glucopyranoside 

complex 
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Table 4.1 1H NMR ofclick-1-azido-1-deoxy-β-D- glucopyranoside complex 

No δH 

 Multiplicity Chemical 

shift (ppm) 

No. of proton 

5 Singlet 7.63 1 

6 triplet J = 8.5 Hz, triplet           

J= 8.0 Hz 

0.58, 2.80 2 

7 Multiplet 1.78 1 

1’ d, J = 8.5 Hz 4.54 1 

2’ t, J = 9.0 Hz 3.39 1 

3’ t, J = 9.0 Hz 3.41 1 

4’ dd like, J = 9.0, 1.5 Hz 3.86 1 

5’ Broad 3.31 1 

6’ dd, J =11.5, 5.5, J = 11.5, 6.5 3.68, 3.17 2 

 

Table 4.2 13C NMR ofclick-1-azido-1-deoxy-β-D- glucopyranoside complex 

No δC 

Multiplicity Chemical shift 

(ppm) 

4 C 126.4 

5 CH 126.2 

6 CH2 29.06 

7 CH 62.30 

8 C 175.43 

1’ CH 92.86 

2’ CH 71.9 

3’ CH 80.62 

4’ CH 75.56 

5’ CH 78.46 

6’ CH2 63.26 
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4.3.1.2 Synthesis of Folate Azide Complex by using Click Chemistry 

Click chemistry is an ideal approach to achieve an ideal and innovative 

functionalization for biomolecules due to its selectivity and efficiency. Folate 

receptors are usually expressed by most of the cancer cells; its expression to 

normal cell is restricted, which make folate receptor an ideal target for receptor 

based expression.  The Cu(I)-catalyzed 1,3-dipolar cycloaddition of folate azide 

and alkyne is shown in scheme 4.2. The final product was charctarized by 

elemetnal analysis and MALDI. Elemental analysis data predicted the molecular 

formula of ligand is C27H32N12O7 (C, 50.93 %; H, 5.034 %; N, 26.42%).which is 

consistent with the theoretically calculated formula i.e., C27H32N12O7:(C, 50.94 %; 

H, 5.03 %; N, 26.41%). The MALDI of the product gave peak at m/z 636.279, 

consistent with the molecular formula C27H32N12O7 (M + H+).  

 

4.3.2  Radiochemistry 

Radiolabeling of Click-1-azido-1-deoxy-β-D glucopyranoside complex and Click-

folate azide complex was carried out by using 99mTc-labeled tricarbonyl complex. 

Labeling efficacy of 99mTc(CO)3-click-1-azido-1-deoxy-β-D glucopyranoside 

complex and 99mTc(CO)3-click folate azide complex was measured by using 

paper chromatography and instant thin layer chromatography. The radiochemical 

purity of  99mTc(CO)3-click-1-azido-1-deoxy-β-D glucopyranoside complex was 

found 97.9 ± 1.5% and  99mTc(CO)3-click folate azide complex shows  98.2 ± 

1.6% radiochemical purity.  

 

4.3.3  In vitro analysis of drugs 

In vitro stability of the 99mTc-labeled drugs at room temperature was evaluated as 

a function of time by calculating the percentage of free pertechnetate and colloid 

formed with constant intervals of time up to 5h. The Fig. 4.2 shows the graphical 

presentation of labeling efficacy of various radiolabeled drugs after up to 5h. 

 

Partition coefficient is an essential parameter to be studied for evaluating 

pharmacokinetics of the drug. The data for partition coefficient of both drugs are 
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shown in the Table 4.3. Human blood plasma protein binding of the drugs was 

studied in-vitro. The percentage binding of 99mTc(CO)3-click-1-azido-1-deoxy-β-D 

glucopyranoside complex with human blood was 73.6 ± 1.122% and  99mTc(CO)3-

click folate azide complex shows 70.1 ± 2.843% binding with blood protein. 

 

 

 

Fig. 4.2 In-vitro stability of 99mTc(CO)3-1-azido-1-deoxy-β-D 

glucopyranoside complex and  99mTc(CO)3-click folate azide 

complex at r.t. 
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Table 4.3 Partition coefficient data of 99mTc(CO)3-click-1-azido-1-deoxy-β-

D glucopyranoside complex and 99mTc(CO)3-click folate azide 

complex 

 

Hydrophilic media 

(H) 

Lipoph-

ilic 

media 

(L) 

99mTc(CO)3-click-1-

azido-1-deoxy-β-D 

glucopyranoside 

99mTc(CO)3-click folate 

azide 

Activity 

in (H) 

Activity 

in (L) 

Activity 

in (H) 

Activity in 

(L) 

PO4
-3 buffer pH=6.6  

Octanol 

93.7 ± 1.4 6.3 ± 0.7 98.2 ± 1.5 1.8 ± 0.04 

PO4
-3 buffer pH=7.0 97.1 ± 2.0 6.9 ± 1 98.0 ± 0.9 2.0 ± 0.09 

PO4
-3 buffer pH=7.6 98.6 ± 1.5 1.4 ± 0.5 98.1 ± 0.7 1.9 ±0.08 

Saline 98.8 ± 1.2 1.2 ± 0.3 98.8 ± 1 1.2 ± 0.09 

 

4.3.4 Bioevaluation 

4.3.4.1 Bioevaluation of 99mTc(CO)3-1-azido-1-deoxy-β-D-glucopyranoside 

4.3.4.1.1 Bioevaluation in normal mice 

Bioevaluation of 99mTc(CO)3-1-azido-1-deoxy-β-D-glucopyranoside was 

performed in normal mice for studying the normal distribution of 

radiopharmaceutical in various body organs. The drug shows uptake in the brain 

at the 15 min while at 60 min study minor decrease of activity in brain was 

observed. The injected dose per gram at 15 min and 60 min are shown in Table 

4.4. 
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Table 4.4 %ID/g of 99mTc(CO)3-1-azido-1-deoxy-β-D-glucopyranoside 

Complex in various organs of normal mice 

Organ 
%ID/g at 15 min of 
post injection 

%ID/g at 60 min of 
post injection 

Brain 1.04 ± 0.011 6.01 ± 0.012 
Spleen 0.4 ± 0.009 1.0 0± 0.266 
Liver 5.16 ± 1.009 2.95 ± 1.207 
lungs 3.23 ± 0.811 3.00 ± 1.110 
Heart 1.29 ± 0.211 1.02 ± 0.144 
Muscles 0.12 ± 0.002 0.19 ± 0.002 
Blood 0.62 ± 0.002 0.99 ± 0.002 
Kidneys 18.21 ± 1.233 27.46 ± 2.447 
Bladder 2.95 ± 0.077 8.78 ± 1.969 
Tail (injection site) 41.04 ± 3.889 20.69 ± 2.787 

 

4.3.4.1.2 Bioevaluation in tumor bearing mice 

 

Fig. 4.3 Tumor bearing male swiss webster mouse having tumor in 

lower abdomen region(a) Tumor bearing mouse before dissection (b) Tumor 

bearing mouse after dissection showing exposed tumor. 

 

 For studying the tumoral uptake of radiolabeled drug, the drug was injected in 

tumor bearing mice were dissected at 15 min and 60 min of post injection, 

various organs were weighed and counted for radioactivity in scintillation gamma 

counter. %ID/g in each organ is shown in Table 4.5. 



Chapter – 4   CancerDiagnosis by Using Biomolecules 

 
 

104

Table 4.5 %ID/g of 99mTc(CO)3-1-azido-1-deoxy-β-D-glucopyranoside 

Complex in various organs of tumor bearing mice 

 

Organ 

%ID/g at 15 min of 

post injection 

%ID/g at 60 min of 

post injection 

Tumor 6.99 ± 1.009 8.09 ± 1.234 

Spleen 0.7 ± 0.009 1.1 0± 0.266 

Liver 6.76 ± 1.109 4.45 ± 1.109 

lungs 4.33 ± 0.992 3.43 ± 1.090 

Heart 1.09 ± 0.284 1.32 ± 0.222 

Muscles 0.15 ± 0.003 0.20 ± 0.002 

Blood 0.42 ± 0.002 0.66 ± 0.002 

Kidneys 16.2 ± 1.834 24.66 ± 2.567 

Bladder 1.35 ± 0.055 7.88 ± 1.669 

Brain 1.04 ± 0.011 1.01 ± 0.002 

Tail (injection site) 39.04 ± 3.989 19.69 ± 2.984 

 

4.3.4.1.3 Histopathology of tumor 

After staining the tumor tissues with hematoxylin-eosin (HE) (Fig. 2.4), 

histopathological data revealed that neuroendocrine tumor of intestine of diverse 

histopathology type might be present.  

 
Fig. 4.4 Immunohistochemistry data of tumor tissue samples obtained after 

dissection of mice 
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4.3.4.2 Bioevaluation of 99mTc(CO)3-folate azide complex 

4.3.4.2.1 Bioevaluation in normal mice. 

The bioevaluation of 99mTc(CO)3-labeled folate azide complex in normal Swiss 

Webster mice were carried out for studying the uptake of radiopharmaceutical in 

various body organs. The drug did not show prominent uptake in any organ. The 

route of excretion was through bladder and kidneys. The dissection was carried 

out at the 15 min and 60 min. The injected dose per gram at 15min and 60min 

are shown in Table 4.6. 

 
Table 4.6 %ID/g of 99mTc(CO)3-labeled folate azide complex in various 

organs of normal mice 

Organ 

%ID/g at 15 min of 

post injection 

%ID/g at 60 min of 

post injection 

Brain 0.01 ± 0.001 0.01 ± 0.001 

Spleen 0.3 ± 0.004 0.6 0± 0.061 

Liver 1.06 ± 0.009 3.05 ± 0.307 

lungs 0.24 ± 0.211 0.20 ± 0.710 

Heart 1.29 ± 0.211 0.12 ± 0.044 

Muscles 0.29 ± 0.021 0.32 ± 0.154 

Blood 0.55 ± 0.041 1.12 ± 0.094 

Kidneys 8.5 ± 0.911 17.36 ± 1.347 

Bladder 2.95 ± 0.077 8.78 ± 1.969 

Tail (injection site) 41.04 ± 3.889 20.69 ± 2.787 
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4.1.8.3.2 Bioevaluation in tumor bearing mice. 

 

 

Fig. 4.4 (a) Disected tumor bearing Swiss webster  mouse having tumor in 
thorex region (b) Disected Swiss Webster tumor bearing mouse 
having tumor in abdomen region 

 
The tumoral uptake of 99mTc(CO)3-labeled folate azide complex was evaluated by 

studying the biodistribution in Swiss Webster tumor bearing mice. Mice were 

dissected at 15 min and 60 min of post injection, each organ was weighed and 

counted for radioactivity in scintillation gamma counter. %ID/gin various organs is 

shown in Table 4.7 

 

Table 4.7 %ID/g of 99mTc(CO)3-labeled folate azide complex in various 

organs of tumor bearing mice 

Organ %ID/g at 15 
min of post 
injection 

%ID/g at 60 
min of post 
injection 

Tumor  5.01 ± 0.09 6.94 ± 0.08 
Liver 4.08 ± 0.11 9.08 ± 0.15 
Heart 0.22 ± 0.05 0.76 ± 0.06 
Spleen 0.15 ± 0.03 0.35 ± 0.02 
Lungs 0.22 ± 0.01 0.072 ± 0.01 
Muscles 0.29 ± 0.021 0.32 ± 0.154 
Blood 0.55 ± 0.041 1.12 ± 0.094 
Kidneys 6.75 ± 0.15 36.75 ± 1.95 
Bladder 1.2 ± 0.06 13.21 ± 1.25 
Tail 4  2.09 27.54 ± 3.05 
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4.1.8.3.3 Histopathology of tumor 

HE shows a neoplasm composed of small granular structures arranged back to 

back. Cell lining have hyperchromatic nuclei. Some of the glands contain 

secretions in lumina, abnormal mitotic figures are also present. Morphological 

features are suggestive of moderately differentiated adenocarcinoma. 

 

 

Fig. 4.5 Immunohistochemistry data of tumor tissue samples obtained after 

dissection of mice 

 

4.4 Discussion 

 

Biomolecule (1-azido-1-deoxy-β-D glucopyranoside/folate azide) was allowed to 

react with propargyl glycine in the presence of copper acetate and sodium 

ascorbate. The mild conditions of the reaction helped in the modification of 

biomolecules into which desired alkyne and azide functionalities could be 

incorporated by standard synthetic transformations. An aqueous solution of the 

click substrates was thenheated in boiling water bath for 1h. The characterization 

of the 1-azido-1-deoxy-β-D glucopyranoside complex by elemental analysis 

“C11H18N4O7 (C, 41.49 %; H, 5.67 %; N, 17.63 %)”, “ESI-MS (m/z 318.12, 

consistent with the molecular formula C11H18N4O7 (M + H+))”, “1H-NMR: (300 

MHz, CDCl3) 7.63(s, 5H) 0.58 (t, 6H, J = 8.5 Hz) 2.80 (t, 6H, J = 8.0 Hz) 1.78 (m, 

7H) 4.54 (d, 1’H, J = 8.5 Hz) 3.39 (t, 2’H, J = 9.0 Hz) 3.41 (t, 3’H, J = 9.0 Hz) 3.86 

(dd like, 4’H, J = 9.0 Hz, 1.5 Hz) 3.31 (broad, 5’H) 3.68 (dd, 6’H, J = 11.5 Hz, 5.5 

Hz) 3.17 (dd, 6’H, J = 11.5 Hz, 6.5 Hz)” and “13C-NMR: (300 MHz, D2O) 126.4, 
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126.2, 29.06,62.30, 175.43, 92.86, 71.9, 80.62, 75.56, 78.46, 63.26”confirmed 

the sucessful sythesis of the desired product.  The characterization of  folate 

azide complex by elemental analysis “(C27H32N12O7: C, 50.9%; H, 5.03%; N, 

26.42%)” and “MALDI (m/z 636.279, consistent with the molecular formula 

C27H32N12O7 (M + H+))” confirmed the successful synthesis of the desired 

product. 

 

1-azido-1-deoxy-β-D glucopyranoside complex and folate azide complex were 

radiolabeled with [99mTc(H20)3(CO)3]+ at 100oC for 1h. [99mTc(H20)3(CO)3]+ 

percusor form the stable complex with biomolecules of higher molecular weight. 

Radiochemical purity from99mTc-tricarbonyl complex was determined by using 

paper chromatography in acetone as developing solvent and 99mTc-tricarbonyl 

complex with triazol ring was seperated by instant thin layer chromatography in 

saline as developing phase. The newly developed radiopharmaceuticals were 

investigated by few in vitro analysis before applying in vivo study. 

 

Protein binding is an important parameter to be studied before applying the drug 

in vivo. Drugs usually bind to the blood proteins or any biological materials like 

albumin, lipoprotein, erythrocytes, glycoprotein, and α, β and -globulins. The 

free or unbound drugs are responsible for the side effects and pharmacological 

activities in the body15-17. 99mTc(CO)3-1-azido-1-deoxy-β-D glucopyranoside 

complex shows 73.6 ± 1.122% and 99mTc(CO)3-folate azide shows 70.1 ± 

2.843% binding with human blood protein. This feature might be of assistance to 

retain the drug in blood and decreasing the chance of any pharmacological 

change in body. Partition coefficient of a radiopharmaceutical can affect the fate 

of the drug after systemic administration, it is necessary to know the lipophilic 

characteristic of the drug. The partition coefficientof 99mTc(CO)31-azido-1-deoxy-

β-D glucopyranoside complex and 99mTc(CO)3-folate azide are given in Table 4.3. 

The datashowed that the partition coefficient value of both complexes exhibit 

highly hydrophilic characters.  
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For studying the in-vivo characteristics of 99mTc(CO)31-azido-1-deoxy-β-D 

glucopyranoside complex and 99mTc(CO)3-folate azide, time-dependent 

biodistribution studies were performed on normal and tumor bearing Swiss 

Webster mice. The mice were injected with respective drugs and were dissected 

at various time intervals for studying uptake in tumor and various body organs.   

 

In case of 99mTc(CO)31-azido-1-deoxy-β-D glucopyranoside complex, the normal 

distribution of mice show prominent uptake in brain. The uptake in brain was low 

at 15min (1.04 ± 0.011 %ID/g) and it increased to 6.01 ± 0.012 %ID/g at 60 min 

p.i. while in case of tumor bearing mice, brain showed significantly less uptake 

than in normal mice (1.04 ± 0.011% ID/g at 15 min p.i. and 1.01 ± 0.002 % ID/g 

at 60 min p.i.) while maximum uptake in tumor (6.99 ± 1.009 % ID/g at 15 min p.i. 

and 8.09 ± 1.234 %ID/g at 60 min p.i.). This might be due to high receptor 

binding affinity of the drug toward tumor than in brain. The drug shows 

accumulation in liver to greater extent at 15 min p.i (5.16 ± 1.009 %ID/g and 6.76 

± 1.109 %ID/g)  then it decreased at 60 min p.i (2.95 ± 1.207 %ID/g and 4.45 ± 

1.109 %ID/g). The uptake in liver might be due to metabolism. No prominent 

uptake in any other organs was observed. The probable route of excreation was 

through kidneys and bladder. The uptake in various body organs of normal mice 

and tumor bearing mice at 15 min p.i and 60 min p.i are shown in Table 4.4 and 

Table 4.5, respectively. 

 

In case of 99mTc(CO)3-folate azide complex, the normal distribution of mice did 

not show prominent uptake in any body organ. Only prominant activity was 

observed in kidneys (8.5 ± 0.911 %ID/g at 15 min p.i and 17.36 ± 1.347% at 60 

min p.i) and bladder (2.95 ± 0.077 %ID/g at 15 min p.i and 8.78 ± 1.969%ID/g at 

60 min p.i) due to route of excreation of the drug. In case of tumor bearing mice, 

drug shows significant uptake in tumor because of high receptor binding affinity 

of folate biomolecule. Tumor uptake at 15 min p.i was 5.01 ± 0.09 %ID/g and 

6.94 ± 0.08 %ID/g at 60 min p.i. No prominent uptake in any organ was 

observed. The probable route of excreation was through kidneys and bladder. 
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The uptake of 99mTc(CO)3-folate azide complex  in various body organs of normal 

mice at 15 min p.i and 60 min p.i are shown in Table 4.6 and for uptake of drug in 

various body organs of tumor bearing mice at 15 min p.i and 60 min p.i are 

shown in Table 4.7. 
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CHAPTER – 5 

IN HOUSE DEVELOPMENT OF RHENIUM SULFIDE 

COLLOIDAL NANOPARTICLES FOR SENTINEL LYMPH 

NODE DETECTION 

 

“Sentinel Lymph Node Detection (SLND) is the first node that receives lymphatic 

drainage from the tumor”.1 Radioisotopic detection of the sentinel lymph node 

and absence of its metastasis invasion could theoretically be predictive of total 

drainage of the tumor.2 Several radiocolloidal nanoparticles such as 99mTc-

sulphur colloids, 99mTc-antimonysulfide, and 99mTc-dextran have been evaluated 

for sentinel node detection.3 Colloidal nanoparticles play significant role as a drug 

carriers.3,4 They support radionuclides for studying the phagocytic cell distribution 

(in bone marrow, liver, spleen, or abscesses) during scintigraphy and 

lymphoscintigraphy (for the sentinel lymph node detection in breast cancer) and 

for radiotherapeutic applications.5-9  

 

Although, past studies have been conducted to develop rhenium sulfide colloidal 

particles10 having wide size distribution in the range of 1-10 µm and applied them 

in radiation synovectomy, but it could not be applied for intradermal injection as a 

carrier of rhenium radioactivity itself because such application needs the particle 

size less than 50 nm. Wang et al.11, introduced the concept of the solvent-

stabilization method, which proved an effective way to synthesize nanoparticles 

by providing stable nanoparticles not only with a small size but also with a nearly 

“bare surface”. The bare surface benefits the further surface modification of the 

nanoparticles by other molecules. The concept of solvent-stabilization method 

was further developed10 group of scientists synthesize of small-sized rhenium 

sulfide colloidal nanoparticles by using steady isotopes of rhenium precursors 

and ethylene glycol as solvent and stabilizer. They have reported the successful 

synthesis of small-sized rhenium sulfide nanoparticles with an average diameter 
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5.5 nm but did not report any development of radiopharmaceutical kit for 

diagnosis of malignant tumors. 

 

In this study, rhenium sulfide colloidal nanoparticles were developed as 

radiopharmaceutical for sentinel lymph node detection. Rhenium sulfide was 

directly used as a starting material for the preparation of colloidal nanoparticles. 
99mTc labeled rhenium sulfide colloid nanoparticles kit produced by a novel 

procedure seems of significant potential as a feasible candidate for further 

development to be used in clinical practice.  

 

5.1 Materials 

Rhenium sulfide and stannous fluoride were purchased from Aldrich, USA. 

Acetone was purchased from Fisher Scientific, UK. Na99mTcO4 generator was 

taken from “Pakistan Institute of Nuclear Science and Technology” (PINSTECH), 

Islamabad, Pakistan. Saline was purchased from Ostuka, Pakistan. UV-visible 

spectra were developed on Spectro UV-Visible double beam UVD-3500 

Labomed, Inc. Images were recorded by using a large field-of-view dual head 

SPECT gamma camera equipped with a low-energy, all-purpose collimator. 

ICON8.5 Macintosh System interfaced with the camera was used for data 

processing. 

 

5.2 Methods 

5.2.1 Preparation of rhenium sulfide colloidal nanoparticles 

Twenty mg L-cysteine hydrochloride monohydrate was dissolved in 1 mL solution 

of 5N NaOH.10 mg rhenium sulfide was added in it, followed by addition of 18 

mL of ethylene glycol (solvent) under vigorous agitation at room temperature. 

The solution was stirred continuously for 45 min. The pH of the freshly prepared 

colloids was maintained at 7.4 by using 5N, 1N and 0.1N HCl. The resultant 

solution was passed through 0.22 µm membrane filter and 1 mL/ kit of filtrate was 

dispensed in sterilized serum vials. 
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5.2.2 Preparation of pyrophosphate kit 

Two hundred mg anhydrous sodium pyrophosphate was dissolved in 19 mL of 

double distilled water. Solution was slightly warmed followed by addition of 80 mg 

of SnF2 and 400 mg of D-manitol. The pH was maintained at 6.0-6.2. The 

resultant solution was dispensed (1 mL/kit) in sterilized serum vials after passing 

through 0.22 µm membrane filter.  

 

5.2.3 UV-visible spectrophotometry 

UV-visible spectrophotometry is an effective and simple technique to monitor the 

formation of metal species in the preparation of colloidal nanoparticles10. The 

reaction for the preparation of rhenium sulfide colloidal nanoparticles was 

monitored at various interval during reaction by collecting reaction samples at the 

start of reaction, 15 min, 30 min, 45 min and at 60 min of post reaction and 

analyze them by UV-visible spectrophotometry and compare the results with UV-

visible absorption curve of NANOCIS kit, which is used as standard. 

 

5.2.4 Labeling with technetium-99m and radiochemical purity 

analysis 

One mL of rhenium sulfide colloidal nanoparticles was added in 0.25 mL 

pyrophosphate kit (reducing agent). The mixture was incubated at room 

temperature for 5 min. For radiolabeling, 370 MBq/ 0.5 mL Na99mTcO4 was added 

and reaction mixture was heated in boiling water bath for 30 min, cooled to room 

temperature and passed through 20 nm nucleopore polycarbonate membrane 

filter that was pre-equilibrated in ethylene glycol for 15 min. Radiochemical purity 

was analyzed by Paper Chromatography (PC), which was performed by following 

the same procedure mentioned in 2.2.3.  

 

5.2.5 Membrane filtration and membrane adsorption study 

Filters of various pore sizes were pre-equilibrated in ethylene glycol for 15 min. 3 

mL radiolabeled rhenium sulfide colloidal nanoparticles kit was withdrawn from 

the reaction vial and filtered through 220 nm Millipore filter having polyvinylidene 
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difluoride composition. The filter was rinsed and both filter and filtrate were 

counted for radioactivity. The radiocolloid sample that was withdrawal from 

previous filtrate was again passed through 100 nm whatman filter with aluminium 

oxide composition. Filter and filtrate were counted for radioactivity. This 

procedure was repeated for 50 nm (Nucleopore polycarbonate) and 20 nm 

(whatman aluminium oxide) filters. All values were corrected for background 

activity. 

 

Sterile filters of various membrane composition and size e.g., 220 nm (Millipore, 

polyvinylidene difluoride), 100 nm (whatman, aluminium oxide), 50 nm 

(Nucleopore, polycarbonate) and 20 nm ((Nucleopore, polycarbonate) , which 

were used for membrane filtration, were cut into small pieces and separately 

placed in 99mTc-rhenium sulfide colloidal particles for 1h. The liquid was removed 

by syringe and membranes were rinsed with ethylene glycol. All rinses were 

combined with respective radioactive liquids. Both membranes and radioactive 

liquids were separately counted for radioactivity. 

 

5.2.6 Radio complex stability and coupling with blood proteins 

In vitro stability of the in house developed 99mTc- rhenium sulfide kit was studied 

at time intervals of 0.2, 0.5, 1, 1.5, 2, 2.5, 3, 3.5, 4, 4.5 and 5h at room 

temperature. Change in stability of the radiolabeled colloidal nanoparticles was 

analyzed at each time interval by paper chromatography to detect any 

dissociation of the complex. Binding of radio complex with blood protein was 

studied by following the same procedure as mentioned in 2.2.5. 

 

5.2.7 Gamma scintigraphy 

For evaluating the potential of the newly-produced 99mTc-labeled rhenium sulfide 

colloidal nanoparticles as a feasible sentinel lymph node imaging agent, the 

acquisition study was carried out in healthy, New Zealand white rabbit models. 

The animals were originally obtained from a farm house and preserved in an 

animal house at INMOL Hospital, with a free access to green fodder and water. 
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Ethical approval for the experiments was arranged according to Animal Ethics 

Guidelines of the Institute of Nuclear Medicine and Oncology (INMOL), Lahore. 

Images were taken at various time intervals up to 4h p.i. using a dual head 

gamma camera by applying a matrix size 256 x 256 and a zoom of 1. The 

imaging process was started by dynamic study of 15 min followed by static 

images at varying intervals of time. As an experimental procedure, 185  MBq/0.2 

mL kit was injected intradermally to left rear foot pad (RFP) of the rabbit. 

 

5.2.8 Animal surgery 

For evaluation of the uptake in nodes and its percentage of extraction, rabbits 

were dissected. The dissection was performed under approved protocol by the 

ethical committee. Intramuscular injection of 0.2 mL ketamine and xylazine (2:1) 

was used as anesthesia. 99mTc-rhenium sulfide colloidal nanoparticles (185 

MBq/0.2 mL) were injected intradermally in each rear foot pad. Both foot pads 

were massaged for 5 min after injection. 0.2 mL vital dye (patent blue) was 

intradermally injected at 50 min p.i. in both foot pads, followed by dissection of 

animals at 10 min p.i. of blue dye. The nodes were carefully removed to measure 

the uptake and extraction of radioactivity from the nodes. Various organs was 

separately weighed and counted for radioactivity. Fig. 5.1 shows the lymph node 

in dissected rabbit.  

 

 

Fig. 5.1 Sentinel lymph node of dissected rabbit 
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The percentage (%ID) in popliteal and iliac nodes and at site of injection was 

calculated by the formula given below: 

%ID = cpmtissue × 100/ (cpmstandard × 10) 

Popliteal extraction was calculated as:  

PE = (%IDpopliteal - %IDiliac) × 100/(%IDpopliteal) 

Percentage ID/g of various organs was also calculated. 

 

5.3 Results 

 

5.3.1 UV-visible spectrophotometry 

Rhenium sulfide colloidal nanoparticles were synthesized by directly using 

rhenium sulfide. For characterization and to know the completion of the reaction 

UV-visible spectrophotometry was used. Fig. 5.2 (a to e) shows the UV-visible 

absorption curve of the in house developed rhenium sulfide colloid nanoparticles 

at various time intervals. Fig. 5.2 (f) shows the UV-visible spectrum of NANOCIS 

kit. The optical density curve of plasma absorption of the in house developed 

nanoparticles after 45 min is similar to the NANOCIS kit as both kits show 

absorption at approximately 300 nm, which shows that the time for reaction 

completion would be 45 min. 

 

5.3.2 Labeling efficacy 
99mTc-labeled rhenium sulfide colloidal nanoparticles remained settled at the 

bottom (A) and free pertechnetate (B) moved with the solvent front. The 

percentage binding (%) of radiolabeled nanoparticles was then calculated as (A x 

100)/(A + B)%. It was observed that 98.5 ± 0.5% of the in house developed 

nanoparticles were radiolabeled. 
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Fig. 5.2 UV-visible spectra of reactive solution during the formation of 

rhenium sulfide colloids at discrete intervals of stirring time, plotting 

between wavelength (X-axis) and absorption (Y-axis). The 

segments from ‘a – e’ show the absorbance of in house developed 

rhenium sulfide nanoparticles at 0, 15, 30, 45 and 60 min. (f) 

presents the optical density curve of NANOCIS kit. 

 

5.3.3 Membrane filtration and membrane adsorption study 

The results in Table 5.1 show the percentage fraction of radiolabeled particles 

after passing through filters of various size ranges. The adsorption of 99mTc-

rhenium sulfide on filter membranes of various compositions was studied to 

evaluate the fraction of non-adsorbed activity. Results are shown in Table 5.2. 

None of the membrane significantly adsorbed 99mTc-rhenium sulfide colloidal 

particles. 
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Table 5.1 Radioactive particle size distribution 

 

Particle size range (nm) % Activity 

>220 24.42 ± 3.46 

220-100 29.98 ± 2.76 

100-50 36.98 ± 4.65 

50-20 48.57 ± 1.98 

<20 77.27 ± 3.26 

 

Table 5.2 Membrane adsorption of 99mTc-rhenium sulfide colloidal 

nanoparticles 

Filters % Non-adsorbed 

Activity Size (nm) Type Membrane 

Composition 

220 Millipore Polyvinylidene difluoride 99.66 ± 0.22 

100 Whatman Aluminum oxide 98.21 ± 0.17 

50 Nucleopore polycarbonate 99.78 ± 0.15 

20 Nucleopore polycarbonate 8 ± 0.35 

 

5.3.4 Radio complex stability and coupling with blood proteins 

Preliminary labeling of the in house developed nanoparticles with the radiometal 

was found to sufficiently stable under physiological conditions. The rhenium 

sulfide colloidal nanoparticles remained intact with the radiometal in colloidal 

form and no significant change was observed in the percent binding till 5h. It was 

observed that the labeling efficacy of newly-produced nanoparticles after 5h 

incubation at room temperature was 97.7 ± 0.5 %. The high labeling efficacy of 

the radiopharmaceutical shows the validity of labeling technique with the 

radiometal. Data are shown in Fig. 5.3. 99mTc-rhenium sulfide colloid 

nanoparticles show 70.2 ± 1.3% binding with blood proteins. 
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Fig. 5.3 In vitro stability curve of 99mTc-rhenium sulfide colloid nanoparticles 

 

5.3.5 Bioevaluation 

The newly-produced 99mTc-labeled rhenium sulfide colloidal nanoparticles 

showed some retention at injection site, reached the sentinel lymph node within 

15 min, retained there for more than 4h and then started clearing from the node 

(Fig. 5.4). Drug was excreted through kidneys and bladder. The rabbits were also 

dissected and counted for percentage of injected dose (%ID) in popliteal and iliac 

nodes and popliteal extraction. 99mTc-labeled rhenium sulfide colloidal 

nanoparticles show 5.8 ± 1% injected dose in popliteal node, 0.78 ± 0.12% 

injected dose in iliac node and 86.55 ± 2.10% popliteal extraction and 50.12 ± 

2.213% clearance from injection site was observed. Table 5.3 shows the 

percentage of injected dose per gram in various organs.  
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Fig. 5.4 Bioevaluation in rabbit by using newly-produced 99mTc-
nanoparticles kit. ‘a’ shows the summation of 15 frame projections 
(posterior and anterior views, 1 min for each frame) of dynamic 
study performed in 15 min. The segments ‘b - e’ show the static 
images at 15 min, 1h, 2h and 4h p.i., respectively. 

 

Table 5.3 Biodistribution of in house developed 99mTc-labeled rhenium 

sulfide nanoparticles  in various body organs 

Organs %ID/g 
Liver 2.80 ± 0.031 
Heart 0.43 ± 0.011 
muscle 0.36 ± 0.102 
Spleen 0.11 ± 0.011 
Lungs 0.22 ± 0.050 
Bladder 11.15 ± 1.121 
Kidneys 28.63 ± 1.212 
Foot (right) 33.21 ± 1.519 
Foot (left) 34.01 ± 2.213 
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5.4 Discussion 

 

Rhenium sulfide colloidal nanoparticles were developed and radiolabeled them 

with technetium-99m for sentinel lymph node detection. Sentinel lymph node is 

significant for early stage diagnosis of cancer as it directly receives the lymphatic 

drainage from tumor.   

 

The newly synthesized rhenium sulfide kit contained 0.9 mL ethylene glycol in 

1.75 mL kit and reported lethal dose of ethylene glycol is 1.4 ml/kg so such minor 

volume (0.9mL) of ethylene glycol will not cause any side effect.12 Surface 

chemistry and conjugation method may affect the stability of the particle, 

biological functionalities and biocompatibility of prepared materials. The surface 

of rhenium sulfide colloidal nanoparticles was modified by using thiol containing 

molecules. Surface active thiol group chemisorbed on the surface of 

nanoparticle. L-cysteine hydrochloride monohydrate is a chelating agent, which 

forms ester with ethylene glycol and peptized the rhenium sulfide colloidal 

nanoparticles. The L-cysteine ethyl ester modified rhenium sulfide colloidal 

nanoparticles provide a basis for further surface modification and 

functionalization with biocompatible bioactive molecules.12 Figure 5.5 shows the 

surface modified rhenium sulfide colloidal nanoparticles. Pyrophosphate kit was 

used as reducing agent which decreased the oxidation state of tehnitium-99m 

from +7 to +4 for radiolabeling of colloidal nanoparticles. 

 

Figure 5.2(a-e) presents the UV-Visible absorption curve of in house developed 

rhenium sulfide colloid nanoparticles at various time intervals during stirring. A 

uniformity of optical density of plasma absorption indicates the uniformity of size 

of colloidal nanoparticles of rhenium sulfide, which is the basic criterion to 

determine the uniformity of size of nanoparticles.12 
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Fig. 5.5 Modification of surface of rhenium sulfide colloidal nanoparticles 

through surface active thiol group by using L-cysteine ethyl ester 

 

The absorption peak appearing at 425 nm after 30 min stirring might be due to 

formation of some unknown intermediate product which disappeared in 15 min. 

The curve at each time interval revealed that as the time is prolonged, optical 

density due to plasma of rhenium sulfide colloid nanoparticles increased and 

absorption of metal species decreased. No change in optical density shows the 

uniform size of colloid nanoparticles10. The UV-Visible spectrum of NANOCIS kit 

(Fig. 5.2(f)) was used as a positive control, and compared with that of the in 

house developed nanoparticles. The optical density curve of plasma absorption 

of the in house developed nanoparticles after 45 min is comparable with that of 

NANOCIS kit because both kits showed absorption at approximately 300 nm.  

 

The labeling efficiency and stability of 99mTc labeled nanoparticles prepared by 

using pyrophosphate kit as reducing agent, pyrophosphate kit was efficient to 

reduce the pertechnetate ion and enable it to form complex with the ligand 

(nanoparticles) to an extent of 98.5 ± 0.5 %. With progress of time there was a 



Chapter – 5  Rhenium Sulfide Colloidal Nanoparticles 

 
 

125

minor decline in the stability of the radiolabeled and labeling efficiency was 

decreased to 97.7 ± 0.5 % after 5h. 

 

Because of ethylene glycol, particles size of the colloidal nanoparticles could not 

be analyzed by standard particles size measuring techniques (SEM, TEM etc) 

and replacement of solvent by dialysis method cause the loss of stability of 

particles. So membrane filtration method was used to find out percentage of 

radiolabeled colloids. Previous studies reported that membrane filtration is a 

reliable and valid technique to measure the percentage of radioactive particles 

size distribution13,14  .  As only radiolabeled nanoparticles of particle size less than 

20 nm were useful for diagnostic study. The result shows that77.27 ± 3.26% of 

rhenium sulfide colloidal nanoparticles of size less than 20 nm were radiolabeled. 

48.57 ± 1.98% colloids of particles size range 20nm - 50nm were radiolabeled. In 

case of 50 nm–100nm particle size range 36.98 ± 4.65% collides were 

radiolabeled. 29.98 ± 2.76% collides were labeled with particle size range 100 

nm – 220 nm and 24.42 ± 3.46% were labeled with particle size greater than 220 

nm. Colloidal solutions are sensitive to charges of its environment and surface 

charge density of filter membranes could induce particle adsorption15, so it is 

significant to know adsorption nature of those entire membrane filters that were 

used in membrane filtration study. In adsorption study none of the membrane 

significantly adsorbed 99mTc-rhenium sulfide colloidal particles.  

 

The blood proteins binding of radiocolloids is a significant parameter for 

measuring the efficacy of chelating moiety which coordinates with radiometal. 

Radiometal transchelate with plasma proteins particularly, albumin. 70.2 ± 1.3% 

of newly-produced 99mTc-rhenium sulfide colloid nanoparticles showed binding 

with the blood plasma proteins. High binding with plasma proteins for high 

extraction ratio drug, generally suggests the rapid clearance of the drug from the 

blood, thus making clearance relatively independent of protein binding.  
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For biological evaluation of nanoparticles for their feasibility as sentinel lymph 

node imaging agent, the acquisition study was carried out in rabbits. After 

intradermal injection of newly in house developed 99mTc-labeled rhenium sulfide 

colloidal nanoparticles in both rear foot pads, dynamic study was performed 

under SPECT gamma camera. Drug showed some retention at the site of 

injection and it reaches the sentinel lymph node within 15 min, retained there for 

more than 4h and then started clearing from the node. In-house developed 

rhenium sulfide colloidal nanoparticles have smaller size of particles which 

helped colloidal nanoparticles to move faster without suffering from any 

hindrance. This might be a remarkable achievement of in-house developed 

rhenium sulfide colloidal nanoparticles.  

 

Rabbits were dissected at 60 min of post injection. Popliteal and iliac nodes were 

collected and counted for radioactivity. The in house developed rhenium sulfide 

colloidal nanoparticles show 5.8±1% injected dose in popliteal and 0.78±0.12%  

iliac node. If we consider the popliteal extraction parameter, presents a value 

86.55 ± 2.10% much higher than filtered 99mTc-sulfur colloid (78.8 ± 6.5%), and 

less than lymphoseek (90.1 ± 10.7%) and 99mTc-HYNIC-NMA-tricine2 (92.93 ± 

5.08%).12,16 The clearance from the injection site of 99mTc labeled colloidal 

nanoparticles was 50.12 ± 2.213% was less than 99mTc-sulfur colloid (70.4 ± 

11.0%) and  99mTc-HYNIC-NMA-tricine2 (67.57 ±  8.29%) and comparable to 

lymphoseek (52.6 ±  10.5%)12,16. The results show that in house developed 
99mTc-labeled rhenium sulfide colloidal nanoparticles seem of significant potential 

as feasible candidate for further development to be used in clinical practice. 
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CHAPTER – 6 

DEVELOPPMENT OF 99mTc(CO)3-DEXTRAN 

DERIVATIVES FOR SENTINEL LYMPH NODE 

DETECTION 

 

Nanoparticles show multivalent effects because of multiple simultaneous 

interactions between the biomolecules conjugated on the nanoparticle surface 

and the cell surface with specific receptors for those biomolecules.1 

Nanoparticles used in diagnosis and therapy must be stable in biological media, 

biocompatible, nontoxic and it must show high selectivity for biological 

targets.2,3Technitium-99m show better uptake characteristics due to receptor 

binding that reside on the surface of macrophages in lymph node. 99mTc-labeled 

mannose based radiopharmaceuticals for sentinel node detection carry the future 

potential of providing a more specific receptor based uptake in Sentinel lymph 

node. Dextran backbone offer high uptake in sentinel lymph node.4 The stability 

and radiolabeling activity of colloidal nanoparticles may also be improved by 

using suitable chelating moiety that shows resemblance with the electronic 

properties of Technetium core. The novel chelating moiety 99mTc-carbonyl helps 

to overcome these drawbacks.5-7 In this work dextran derivatives were designed 

to achieve multifunctional approach. Dextran has been used as a 

macromolecular scaffold for appending different functionalities. Various dextran 

derivatives have been used in this study. The list of these derivatives along with 

their molecular weight is shown in Table 6.1 given below. 
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Table 6.1 Various dextran derivatives used for sentinel lymph node 

detection 

Code Dextran derivatives Molecular weight 

D.Cys.1 Dextran-propyl-s-cysteine-1 17 kDa 

D.Cys.2 Dextran-propyl-s-cysteine-2 25 kDa 

D.Cys.M.1 Dextran -s-cysteine-Mannose-1 22 kDa 

D.Cys.M.2 Dextran -s-cysteine-Mannose-2 32 kDa 

D.Cys.A.M Dextran -s-cysteamine-Mannose 22 kDa 

D.Cys2.M Dextran -cysteine-cysteine-Mannose 35 kDa  

D.Pyz.M.1 Dextran -amine-pyrazole-Mannose-1 20kDa 

D.Pyz.M.2 Dextran -amine-pyrazole-Mannose-2 21kDa 

D.Pyz.M.3 Dextran -amine-pyrazole-Mannose-3 22kDa 

 

6.1 Materials 

All dextran derivatives were obtained from Hungry, Greece and Portugal via 

research collaboration. Isolink kit was purchased from Mallinckrodt. All other 

general chemical used during this work are of analytical grade. Na99mTcO4 generator 

was taken from Pakistan Institute of Nuclear Science and Technology 

(PINSTECH), Islamabad, Pakistan. Images were recorded by using a large field-

of-view dual head SPECT gamma camera equipped with a low-energy, all-

purpose collimator. ICON8.5 Macintosh System interfaced with the camera was 

used for data processing. 

 

6.2 Methods 

6.2.1 Radiolabeling strategy 

Radiolabeling was performed by using [99mTc(CO)3(H2O)3]+ (isolink)precursor. 

First step was the radiolabeling of isolink with 99mTc to form [99mTc(CO)3(H2O)3]+  

and second step was the attachment of dextran derivative with 

[99mTc(CO)3(H2O)3]+ precursor. The procedure is described below. 
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6.2.1.1 Preparation and quality control of [99mTc(CO)3(H2O)3]+ precursor 

Isolink kit was radiolabeled by adding 99mTcO4
- generator eluent (555MBq/mL) in 

the kit and heating in boiling water bath for 20 min. The product was neutralized 

by adding approximately 0.18 mL (1.0N) HCl. The pH for neutralization was 

determined by using pH paper. The radiochemical purity (RCP) of the labeled 

products was tested by paper chromatography (PC) by following the same 

procedure missioned in 2.2.3. 

 

6.2.1.2 Radiolabeling of dextran derivatives by [99mTc(CO)3(H2O)3]+ 

Each dextran derivative kit (0.4g) was dissolved in 1.0 mL saline. 0.5 mL (0.2g) 

out of it was collected in a Separate vial (due to maximum radiolabeling efficacy 

at this concentration) and labeled with [99mTc(CO)3(H2O)3]+ precursor. The 

resultant mixture was heated in boiling water bath for 30 min. 

 

6.2.2 Labeling efficacy 

Labeling efficacy of labeled kit was measured by paper chromatography. In vitro 

stability of dextran derivatives was studied at time intervals of 0.2, 0.5, 1, 1.5, 2, 

2.5, 3, 3.5, 4, 4.5 and 5h at room temperature. Change in stability was analyzed 

at each time interval by paper chromatography to detect any dissociation of the 

complex. The high labeling efficacy of radiopharmaceutical shows the validity of 

labeling technique with the radiometal. 

 

6.2.3 Coupling with blood Protein and lipophilicity 

Coupling of all dextran derivatives with human blood proteins and their lipophilic 

characteristics were studied by following the procedure missioned in 2.2.5 and 

2.2.6. 

 

6.2.4 Biodistribution Studies of dextran derivatives in Rabbits 

The biodistribution of dextran derivatives was studied in rabbits. 111 MBq/0.2mL 

activity was injected intradermally to front/rear foot pad of the rabbit. Images 

were taken by using a dual head gamma camera by applying a matrix size 256 x 
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256 and applying a zoom of 1.0.  Imaging was started with 15 min dynamic study 

followed by 1 min static scan up to 4h p.i. Each by recording the ventral and 

dorsal views of the animals. The static images of rabbit (ventral and dorsal views) 

were taken at 1h and 2h 3h and 4h p.i.  

 

As the gamma camera study shows only popliteal node. Iliac lymph node was 

overlapped by the radioactivity in bladder, so to overcome this problem, rabbits 

were dissected. This study was performed under protocol approved by the ethical 

committee INMOL. Intramuscular injection of 0.2 mL ketamine and xylazine (2:1) 

was used as anesthesia. 111 MBq/0.2 mL dextran derivative was injected 

intradermally in both rear foot pad. After injection foot pads were massaged for 3 

min. After 50 min of injection, 0.1mL vital dye (patent blue V) was injected 

intradermally in the both foot pads. Surgical dissection was begun 10 min later to 

measure the uptake in popliteal node, iliac node, popliteal extraction and uptake 

in various body organs. Various organs was separated and counted for activity. 

The percentage injected dose (%ID) at site of injection, popliteal and iliac has 

been calculated by the formula given below. 

%ID= cpmtissue×100(cpmstandard × 10) 

Popliteal extraction has been calculated by the formula given as 

PE= (%IDpopliteal - %IDiliac) × 100/%IDpopliteal 

  

6.3 Results 

6.3.1 Labeling efficacy 

Radiochemical purityof 99mTc(CO)3-labeled dextran derivatives was studied by 

using paper chromatography. The data shows that the product is quite suitable 

for lymphoscintigraphy. The quality control data are summarized in Table 6.2. 

 

In vitro stability of 99mTc(CO)3-labeled dextran derivatives was studied at room 

temperature at time intervals of 0.2, 0.5, 1, 1.5, 2, 2.5, 3, 3.5, 4, 4.5 and 5 h. Fig. 

6.1 graphically presents the labeling efficacy with 99mTc(CO)3-labeled dextran 

derivatives up to 5h. 
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Table 6.2 Radiochemical purity of dextran derivatives 

Dextran derivatives Radiochemical purity 

99mTc(CO)3-Dextran-propyl-s-cysteine-1 92.36 ± 2.12 
99mTc(CO)3-Dextran-propyl-s-cysteine-2 99.01 ± 0.77 
99mTc(CO)3-Dextran -s-cysteine-Mannose-1 97.76 ± 1.34 
99mTc(CO)3-Dextran -s-cysteine-Mannose-2 98.21 ± 1.99 
99mTc(CO)3-Dextran -s-cysteamine-Mannose 96.30 ± 1.00 
99mTc(CO)3-Dextran -cysteine-cysteine-Mannose 97.50 ± 1.23 
99mTc(CO)3-Dextran -amine-pyrazole-Mannose-1 99.04 ± 0.09 
99mTc(CO)3-Dextran -amine-pyrazole-Mannose-2 96.69 ± 2.11 
99mTc(CO)3-Dextran -amine-pyrazole-Mannose-3 95.78 ± 1.56 

 

6.3.2 Coupling with blood protein and lipophilicity 

In vitro protein binding of 99mTc(CO)3-labeled dextran derivatives were studied in 

human plasma protein. The percentage binding of radiolabeled drugs with blood 

plasma protein is given in Table 6.3. Partition coefficient data for all dextran 

derivatives is given in Table 6.4. 

 

Table 6.3 Percentage binding of radiolabeled drug with human blood 

plasma protein 

Dextran derivatives Protein binding 

99mTc(CO)3-Dextran-propyl-s-cysteine-1 78.1 ± 2.43 
99mTc(CO)3-Dextran-propyl-s-cysteine-2 78.09 ± 2.77 
99mTc(CO)3-Dextran -s-cysteine-Mannose-1 77.54 ± 3.34 
99mTc(CO)3-Dextran -s-cysteine-Mannose-2 78.21 ± 3.39 
99mTc(CO)3-Dextran -s-cysteamine-Mannose 76.70 ± 1.90 
99mTc(CO)3-Dextran -cysteine-cysteine-Mannose 77.57 ± 1.83 
99mTc(CO)3-Dextran -amine-pyrazole-Mannose-1 79.04 ± 3.09 
99mTc(CO)3-Dextran -amine-pyrazole-Mannose-2 79.69 ± 3.11 
99mTc(CO)3-Dextran -amine-pyrazole-Mannose-3 79.12 ± 3.06 
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Fig 6.1 In vitro stability of 99mTc(CO)3--labeled dextran derivatives at room temperature 
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Table 6.4 Partition coefficient of 99mTc(CO)3-labeled dextran derivatives 

 

 

Code 

PO4
-3 pH=6:Octanol PO4

-3 pH=7:Octanol PO4
-3 pH=8:Octanol Saline:Octanol 

Hydrophi-

lic media 

Lipophi-

lic media

Hydrophi-

lic media 

Lipophi-

lic media

Hydrophi-

lic media 

Lipophi-

lic 

media 

Hydrophi-

lic media 

Lipophi-

lic media 

D.Cys.1 92.67 ± 1 7.43 ± 1 92.00 ± 1 8.00 ± 1 92.5 ± 1.1 7.5 ± 1.1 92.3 ± 1 7.70 ± 1 

D.Cys.2 91.6 ±  4.1 8.4 ± 1.5 90.5 ± 4.1 9.5 ± 1.1 90. 9 ± 3.0 9.1 ± 1.2 90.1 ± 2.1 9.9 ± 0.5 

D.Cys.M.1 90.5 ± 2.6 9.5 ± 2.1 90.5 ± 2.1 9.5 ± 1.1 90.5 ± 3.2 9.5 ± 1.3 96.1 ± 2.2 3.9 ± 0.6 

D.Cys.M.2 93.6 ± 2.6 6.4 ± 1.0 91.0 ± 3.1 9.0 ± 1.1 91.5 ± 3.6 8.5 ±1.5 95.1 ± 2.6 2.5 ± 0.2 

D.Cys.A.M 90.6 ± 4.6 9.4 ± 1.1 90.3 ± 4.1 9.7 ± 1.1 91.9 ± 3.2 8.1 ± 1.1 97.1 ± 2.1 2.9 ± 0.5 

D.Cys2.M 91.5 ± 3.0 8.5 ± 0.4 91.3 ± 3.4 8.7 ± 0.3 92.9 ± 1.2 7.1 ± 0.2 96.5±2.1 3.5 ± 0.3 

D.Pyz.M.1 92.6 ± 4.6 7.4 ± 1.1 90.5 ± 2.1 9.7 ± 1.1 91.8 ± 1.2 8.2 ± 0.2 96.1 ± 1.1 3.9 ± 0.5 

D.Pyz.M.2 92.5 ± 3.3 7.5 ± 1.0 90.3 ± 1.1 9.7 ± 0.1 90.9 ± 3.2 9.1 ± 0.7 95.1 ± 3.1 4.9 ± 0.5 

D.Pyz.M.3 91.9 ± 1.6 8.1 ± 1.1 90.9 ± 2.1 9.1 ± 0.2 91.0 ± 2.2 9.0 ± 1.1 97.1 ± 1.5 2.9 ± 0.3 
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6.3.3 Bioevaluation 

The biodistribution study on rabbits is quite useful in evaluating the potential of 

radiopharmaceutical as a promising candidate for sentinel lymph node detection. 

The dynamic study of 30 min immediately after intradermal injection was used to 

study the uptake/excretion pattern of the compound in lymph nodes and other 

organs of interest. Fig. 6.2 shows the uptake pattern of 99mTc(CO)3-labeled 

dextran derivatives in rabbit at 15 min and 30 min dynamic study and one min 

static study at 1h and 2h. 

 

The dissected rabbits were counted for percent injected dose (%ID) of popliteal 

and iliac node and for measurement of popliteal extraction. Data is given in the 

Table 6.5. Activity in various organs was also calculated. The uptake of drugs in 

various is given in Table 6.6. 

 

Table 6.5 Biodistribution of 99mTc-Dextran derivatives in lymph nodes 

 

 

Code 

Lymph nodes Popliteal 

extraction 

(%) 

Popliteal 

(%ID) 

Iliac 

(%ID) 

99mTc(CO)3-D.Cys.1 3.211 ± 1.011 0.231 ± 0.009 92.8 ± 2.8700 
99mTc(CO)3-D.Cys.2 3.812 ± 1.34562 0.68±0.12098 89.2±2.55621 

99mTc(CO)3-D.Cys.M.1 4.110 ± 1.9023 0.331 ± 0.091 91.90 ± 2.1242 

99mTc(CO)3-D.Cys.M.2 4.901 ± 1.8890 0.277 ± 0.066 94.48 ± 1.1145 

99mTc(CO)3-D.Cys.A.M 6.801 ± 1.2344 0.681 ± 0.091 90.00 ± 3.1134 

99mTc(CO)3-D.Cys2.M 3.12 ± 1.1244 0.641 ± 0.0456 79.13 ± 1.456 

99mTc(CO)3-D.Pyz.M.1 5.568 ± 1.557 0.789 ± 0.0348 85.801 ± 2.225 

99mTc(CO)3-D.Pyz.M.2 6.794 ± 1.893 0.349 ± 0.077 94.801 ± 1.765 

99mTc(CO)3-D.Pyz.M.3 6.579 ± 2.256 0.554 ± 0.085 91.579 ± 1.956 
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Fig. 6.2 Uptake pattern of various 99mTc(CO)3--Dextran derivatives in 

rabbits at various time interval, a) D.cys.1, b) D.cys.2  c) D.CysM.1  d) 

D.CysM.2  e) D.Cys.A.M f) D.Cys2.M g) D.pyz.M.1 h) D.pyz.M.2 h) D.pyz.M.3
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Table 6.6 Biodistribution of 99mTc(CO)3-Dextran derivatives in various body organs 

 

Code 

%ID/g

Blood Liver Heart Spleen Lungs Bladder Kidneys Muscles Injection Site

D.Cys.1 0.65 ± 0.01 

 

1.20 ± 0.041 0.45 ± 0.021 0.42 ± 0.09 0.15 ± 0.01 9.22 ± 3.05 11.95 ± 2.12 1.63 ± 0.212 33.91 ± 1.91 

D.Cys.2 0.99 ± 0.05 

 

1.30 ± 0.03 0.02 ± 0.01 0.48 ± 0.33 0.09 ± 0.01 9.72 ± 3.01 10.99 ± 2.42 1.13 ± 0.02 36.44 ± 2.11 

D.Cys.M.1 0.45 ± 0.01 

 

0.75 ± 0.01 0.48 ± 0.30 0.44 ± 0.14 0.10 ± 0.01 11.22 ± 2.03 10.95 ± 2.11 1.15 ± 0.40 36.44 ± 2.12 

D.Cys.M.2 0.42 ± 0.02 

 

0.78 ± 0.01 0.40 ± 0.20 0.32 ± 0.14 0.11 ± 0.01 12.72 ± 1.01 12.15 ± 2.52 1.25 ± 0.20 39.99 ± 2.87 

D.Cys.A.M 0.89 ± 0.02 

 

1.80 ± 0.02 0.13 ± 0.04 0.26 ± 0.05 0.16 ± 0.03 6.15 ± 1.00 8.63 ± 1.21 0.16 ± 0.02 43.10 ± 1.90 

D.Cys2.M 0.11 ± 0.03 

 

2.15 ± 0.02 0.28 ± 0.01 0.19 ± 0.03 0.88 ± 0.22 5.72 ± 1.01 5.70 ± 1.11 1.01 ± 0.11 32.68 ± 2.10 

D.Pyz.M.1 0.19 ± 0.01 

 

2.11 ± 0.03 0.28 ± 0.20 0.49 ± 0.14 0.112 ± 0.01 9.92 ± 1.011 11.75 ± 2.42 1.95 ± 0.20 42.88 ± 3.99 

D.Pyz.M.2 0.48 ± 0.01 

 

1.50 ± 0.12 0.44 ± 0.10 0.40 ± 0.14 0.149 ± 0.01 9.66 ± 2.01 11.56 ± 2.24 1.22 ± 0.30 41.98 ± 2.79 

D.Pyz.M.3 0.66 ± 0.01 1.70 ± 0.02 0.21 ± 0.20 0.42 ± 0.07 0.17 ± 0.01 12.12 ± 2.02 10.85 ± 2.72 41.98 ± 2.79 40.06 ± 2.99 
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6.4 Discussion 

 

Sentinel lymph node detection in cancer patients contribute to the assessment of 

draining of lymph node at the risk of metastasis. Several radiopharmaceuticals 

which are currently in use such as sulfur collides and human serum albumin 

colloidal nanoparticles base entirely on the function of size of the their particles. 

The newly developed technetium-99m labeled dextran derivatives and specially 

mannose based dextran derivatives carry the future potential because of the 

specific receptor based uptake in sentinel lymph node. Various dextran 

derivatives listed in Table 6.1 were radiolabeled and bioevaluated for their 

potential use as sentinel lymph node imaging agent.  

 

Tricarbonyl backbone of [99mTc(CO)3(H2O)3]+ complex chelates with dextran 

derivatives and provide strength to the radiocomplex. The radiochemical purity of 
99mTc(CO)3-labeled dextran derivatives was studied by using paper 

chromatography. Table 6.2 presents the radiochemical purity data of various 

dextran derivatives. In vitro stability of the radiotracers was studied up to 5h at 

room temperature. Preliminary labeling of all dextran derivatives with the 

radiometal was sufficiently stable under physiological conditions.  All 99mTc(CO)3-

labeled dextran derivatives  remained intact with the radiometal and no 

significant change was observed in the percent binding till 5h. The data shows 

that all radiocomplex shows only 0.3% - 0.5% degradation (Fig. 6.1). The high 

labeling efficacy of the radiotracers shows the validity of labeling technique with 

the radiometal. 

 

Coupling of blood proteins with radiotracer effect on fate radiopharmaceutical. It 

affects pharmacodynamics properties and in vivo efficacy of the drug. Before 

applying the 99mTc(CO)3-labeled dextran derivatives in animals protein binding 

with blood plasma proteins was evaluated in an in vitro procedure. The data for 

protein binding is given in Table 6.3. High protein binding of the drug causing the 
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high extraction ratio of drug, generally suggests the rapid clearance of the drug 

from the blood, thus making clearance relatively independent of protein binding.  

 

The partition coefficient of the radiotracers affects the binding of the drug to the 

receptor targets.8,9 The lipophilic drugs might be toxic due to their long time 

retention and wider distribution in body, whereas hydrophilic drugs rapidly clear 

from the body hence it is more significant to make drug with high hydrophilic 

characteristics.10 The partition coefficient data given in Table 6.4 shows that all 
99mTc(CO)3 labeled dextran derivatives are hydrophilic in nature. 

 

Biological evaluation of the drugs for lymphoscintigraphy, acquisition study was 

carried out in normal rabbits. After 111 MBq/mL intradermal injection of dextran 

derivative in the rear/front foot pad, dynamic study was performed under SPECT 

gamma camera. All dextran derivatives showed prominent uptake in sentinel 

lymph node. The most probable route of excretion was observed through kidneys 

and bladder. The results indicate that all reported dextran derivatives have 

significant potential as feasible candidates for sentinel lymph node detection.  

 

For studying the uptake of dextran derivatives in popliteal and iliac nodes and 

popliteal extraction rabbits were dissected at 60 min of post injection. Popliteal 

and iliac nodes were collected and counted for radioactivity. For calculating the 

percentage of injected dose per gram in various body organs, each organ was 

weighed and counted for radioactivity in scintillation gamma counter. 

 

The biodistribution results and the scintigraphic images have shown an 

appreciable uptake in the popliteal (sentinel) node, the highest uptake was 

observed for 99mTc(CO)3-D.Pyz.M.2.  99mTc(CO)3-D.Pyz.M.2 showed highest 

uptake in popliteal node (%ID = 6.794 ± 1.893) as well as highest popliteal 

extraction (94.801 ± 1.765%) among all dextran derivatives. 99mTc(CO)3-

D.Pyz.M.3 and 99mTc(CO)3-D.Pyz.M.1 are similar to the previous dextran 

derivative apart from the molecular weight of the dextran. They show slightly 
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lower popliteal uptake than 99mTc(CO)3-D.Pyz.M.2 (99mTc(CO)3-D.Pyz.M.3 = 

6.579 ± 2.256%ID, 99mTc(CO)3-D.Pyz.M.1 = 5.568 ± 1.557% ID) and slightly 

higher uptake in iliac node (99mTc(CO)3-D.Pyz.M.3 = 0.554 ± 0.085%ID, 
99mTc(CO)3-D.Pyz.M.1 = 0.789 ± 0.0348%ID). 99mTc(CO)3-D.Pyz.M.1 showed 

highest second node uptake among all derivatives. The scintigraphic data was 

agreed to the biodistribution pattern, as both prominently show the sentinel node 

and a great specific retention, and faint spread of activity in liver was also 

observed. All biological data taken together renders 99mTc(CO)3-D.Pyz.M.2 as a 

most successful radiotracer for sentinel lymph node imaging. 99mTc(CO)3-

D.Cys.A.M have second highest popliteal uptake among all dextran derivatives 

with 6.601 ± 1.2344% injected dose in popliteal node. It also showed second 

highest uptake in second node (iliac node) (0.681 ± 0.091% ID). 99mTc(CO)3-

D.Cys.M.1 and 99mTc(CO)3-D.Cys.M.2 showed somewhat lesser uptake in 

popliteal node than above dextran derivatives (99mTc(CO)3-D.Cys.M.1 = 4.110 ± 

1.9023%ID, 99mTc(CO)3-D.Cys.M.2 = 4.901 ± 1.889 %ID). They retained activity 

in popliteal node and significantly less activity moved towards iliac node as 

compared to above derivatives (99mTc(CO)3-D.Cys.M.1 = 0.331 ± 0.091%ID, 
99mTc(CO)3-D.Cys.M.2= 0.277 ± 0.066%ID). 99mTc(CO)3-D.Cys.1 and 
99mTc(CO)3-D.Cys.2 are similar derivatives of dextran having different molecular 

weight. The percentage of injected dose in popliteal node of 99mTc(CO)3-D.Cys.2 

was quite better than 99mTc(CO)3-D.Cys.1 (99mTc(CO)3-D.Cys.1 = .211 ± 

1.011%ID, 99mTc(CO)3-D.Cys.2 =3.812 ± 1.34562%ID). The uptake in iliac node 

of these two similar derivatives showed huge difference. 99mTc(CO)3-D.Cys.1  

showed 0.231 ± 0.009%ID in iliac node while 99mTc(CO)3-D.Cys.2 showed 

0.68±0.12098 % ID in iliac node. 99mTc(CO)3-D.Cys2.M showed poorer uptake in 

popliteal node (3.12 ± 1.1244%ID) and high activity in iliac node (0.641 ± 

0.0456%ID) and lowest percentage of popliteal extraction (79.13 ± 1.456 %).  

 

Biodistribution data of this study cannot be directly compared with other 

nanotracers explored for sentinel lymph node detection, as these compounds 

were evaluated in different animal models. However, if we consider the popliteal 
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extraction parameter, all dextran derivatives except 99mTc(CO)3-D.Cys2.M 

investigated under this work, present a much higher value than filtered 99mTc-

sulfur colloid (78.8 ± 6.5%) while 99mTc(CO)3-D.Cys2.M show comparable 

popliteal extraction (79.13 ± 1.456%) to filtered 99mTc-sulfur colloid , while all 

other derivatives showed popliteal extraction comparable to Lymphoseek (90.1 ± 

10.7%) and 99mTc-HYNIC-NMA-tricine2 (92.93 ± 5.08%).11,12 The activity at 

injection site of all dextran derivatives was between 33% to 43% at 1h of post 

injection, which was slightly higher to that found for 99mTc-sulfur colloid (29.5%) 

and comparable to 99mTc-HYNIC-NMA-tricine2 (33.57%), while much lower to 

Lymphoseek (48.4%), at 1 h p.i.11,12 All derivatives showed faint uptake in liver 

and no prominent uptake in any organ was observed. The route of excretion was 

through bladder and kidneys. 
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CHAPTER – 7 

SYNTHESIS, RADIOLABELING AND BIOEVALUATION 

OF AMINE-THIOPHENE-DIONE FOR BRAIN IMAGING 

 

Schiff bases (–C=N-) are usually synthesized by the condensation of activated 

primary amines and carbonyl groups. Schiff bases have significant application in 

the field of medicine and pharmaceutics. 99mTc-labeled-brain perfusion diagnostic 

agents are of great interest in the field of radiopharmaceutical. They have to 

cross the blood-brain barrier and retained in brain to allow diagnostic imaging.1-5 

For the development of a technetium-99m complex for neurological imaging, 

synthesized radiopharmaceutical should be lipophilic in nature and it should be 

neutral and it should have intrinsic mechanism to cross the blood-brain barrier so 

that radiopharmaceutical may not diffused out.5 many radio labeled complexes 

such as selenium-75 labeled amines6,7 and iodine-123 labeled amphetamine 

analogs8-10  were proposed as successful brain radiopharmaceuticals. However, 

because of few drawbacks, they could not gain application all over the world. In 

past few decades schiff bases such as diimino tetradentate are the matter of 

interest for scientists11-13 due to their significant application in synthesis of 

biological models, which could be helpful for biological structures and also the 

biological processes.14,15 

 

In previous studies, amine-phenols were synthesized by condensation of two 

equivalent aldehydes with one equivalent triamines and resultant product was 

reduced with sodium borohydrate. Tisato16 and his co-workers synthesized the 

similar pentadentate ligands by labeling Schiff base with technetium-99m. By 

following the same procedure, amine-thiophene schiff base can also be 

synthesized. In this work, amine thiophene ligand has been synthesized by the 

reaction of ethane-1,2-diamine with thiophene-2-carboxaldehyde and reduction 

of the product was carried out by using sodium borohydrate (NaBH4) and 

reduced product was condensed with pentane-2,4-dione. Final desired product 
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was characterized by various techniques. Product was labeled with technetium-

99m and biologically evaluated in rabbit models.  

 

7.1 Materials 

 

Thiophene-2-carboxaldehyde, stannous chloride dehydrate, ethylacetate and 

acetonitrile were purchased from Sigma Aldrich, USA. Molecular sieves 40A and 

ethane-1,2-diamine was purchased from Fluka, USA. Pentane dione was 

purchased from Acros organics, USA. Technetium-99m generator was obtained 

from PINSTECH, Pakistan. All other chemicals used during this work were of 

analytical grade. 

 

7.2 Methods 

7.2.1 Synthesis of amine-thiophene-dione 

7.2.1.1 Reaction of thiophene-2-carboxaldehyde with ethane-1, 2-diamine 

80 mL of ethanolic solution of 0.1 M (11.21g) thiophene-2-carboxaldehyde was 

added slowly in 36.06g (0.6 moles) ethane-1, 2-diamine. The mixture was stirred 

for 30 min, followed by addition of 7g molecular sieve (4Å) and reaction was 

allowed to run over night at room temperature. The product was filtered and used 

as such in next step without purification.  

 

7.2.1.2 Reduction of azomethane (-C═N-) bond 

7.56g (0.2 moles) sodium borohydrate was slowly added with constant stirring in 

the product obtained from first step. The reaction was carried out in ice bath 

while keeping the temperature below 100C. The reaction was allowed to run for 

2h at 5oC with continuous stirring. The solvent was evaporated and 100 ml of 

distilled water was added in reaction mixture. The aqueous phase was extracted 

three times with 50 mL dichloromethane. The organic phase was dried over 

anhydrous magnesium sulfate. Solvent was evaporated to obtain the desired 

product.  
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7.2.1.3 Condensation with dione 

4.82g (31.3 mmoles) crude product was dissolved in 31.3 mL of acetonitrile and 

slowly mixed with 6.43 mL (62.6 mmoles) of pentane 2, 4-dione in 31.3 mL 

acetonitrile and stirred for 3h at room temperature. Solvent was evaporated and 

crude product (dark brown) was obtained. 

 

7.2.1.4  Column chromatography 

The crude product was purified by silica gel coated column chromatography. The 

ligand was dissolved in 0.5 ml methanol and eluted on a silica gel packed column 

by using methanol and ethyl acetate (1:1) as eluting solvents. The outflow of the 

column was collected in a fraction collector; various fractions were combined and 

evaporated to get the pure tetradentate ligand which was obtained as viscous oil. 

The product was varified by elemental analysis, FTIR, HPLC and 1H-NMR. 

Reaction scheme is given below. 

 

 

Scheme 7.1 Formation of thiophene-2-carboxaldehyde ethylene diamine-

N-dione 
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7.2.2 Kit Formulation 

2 mg amine thiophene dione (ligand) was dissolved in 1 mL ethanol with 

continuous stirring. 0.25 mg stannous chloride dehydrated (reducing agent) and 

pH was maintained at 8-8.2 and solution was passed through 0.22 μm 

membrane filter.  For radiolabeling 740 MBq/mL sodium perchnetate was added 

in the kit.  

 

7.2.3 Radiochemistry 

740 MBq/0.5mL sodium pertechnetate (Na99mTcO4) was added in the cold kit and 

resultant radiolabeled mixture was incubated at room temperature for 5 min. 

Radiochemical purity of the complex was studied by using paper chromatography 

and instant thin layer chromatography by following the same procedure 

mentioned in 2.2.3. In vitro stability of the ligand complex with 99mTc was studied 

at time intervals of 0.2, 0.5, 1, 1.5, 2, 2.5, 3, 3.5, 4h, 4.5h and 5h at room 

temperature. 

 

7.2.4 Coupling with blood protein and partition coefficient 

Coupling of 99mTc-labeled amine thiophene dione with blood protein and its 

lipophilic characteristics were studied by following the same procedure 

mentioned 2.2.5 and 2.2.6. 

 

7.2.5 Bioevaluation 

For evaluating the newly synthesized 99mTc-labeled amine thiophene dione, the 

biodistribution was studied on rabbits (New Zealand white rabbits). Whole 

experiment was performed according to the ethical rules approved for animal 

study by INMOL. Radiopharmaceutical was developed in sterilized environment. 

Laminar flow hood was sterilized with sprit and 24h exposure to UV and whole 

apparatus was sterilized at 180oC for 2h. 0.3 mL valium was used as anesthesia. 

78 MBq/0.2 mL 99mTc-labeled amine thiophene dione kit was intravenously 

injected in the ear of the rabbit. Posterior and interior images were recorded 

during dynamic study was performed up to 30 min. Static images of 200k counts 
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were recorded at 1h, 3h and 4h.  Images were recorded at various time intervals 

up to 4h p.i. 

 

 

Scheme 7.2 Schematic diagram shows the probable sites of hydrolysis in 

the ligand thiophene-2-carboxaldehyde ethylene diamine-N-dione (A) and 

the technetium complex (B). The hydrolysis of (B) results in a compound of 

uncertain structure (C), with a vacant coordination site X, which may loosely 

coordinate solvent molecules.  

 

7.3 Results 

7.3.1 Synthesis of amine thiophene dione 

Amine thiophene dione i.e., a schiff base, was synthesized by reacting 

thiophene-2-carboxaldehyde with ethane 1,2-diamine and reducing with sodium 

borohydrate. 4.42g (60%) final product was obtained. The product in the form of 

viscous oil was unstable at high temperature and it decomposed at 160 – 170°C. 

Characterization was carried out by using various analytical techniques. 

Elemental analysis, FTIR, HPLC and 1H-NMR successfully predicted the final 



Chapter – 7  Amine –Thiophene-Dione for Brain Imaging 

 
 

149

desired product. Element analysis predicted the molecular formula of product i.e., 

C12H18N2OS (C, 60.49 %; H, 7.55 %; N, 11.77%) which is consistent with the 

theoretically calculated formula i.e., C12H18N2OS:(C, 60.50 %; H, 7.56 %; N, 

11.76%). In HPLC, isocratic system was used. Acetonitrile/water in 50:50 ratios 

was used as mobile phase. C-18 column was used in reverse phase at a flow 

rate of 0.8 mL/min. UV/Visible detector was used. The retention time of the 

product was at 11.6 min. FTIR of the product was different from starting 

materials. Absence of 1634 cm–1 absorption band could be assigned to the –C=N 

bond, which was formed during reaction of thiophene-2-carboxaldehyde with 

ethane-1, 2-diamine. The second absorption of FTIR at 3392.4 cm–1 was due to 

conversion of –C=N- bond into ─CH─NH- during reduction reaction. Third 

absorption appears at 1606.5 cm-1 due to conjugation (C=C-C=O) instead of –

C=O bond at 1700 cm–1. Conjugation reaction of –C=O with C=C bond affects 

the absorption frequency at 1606.5 cm–1. Data for characterization with 1HNMR 

(CDCl3) is given in Table 6.1 

 

 

 

Fig. 7.1 Amine thiophene dione 
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Table 7.1 1H-NMR data of the ligand 

 

Proton  Multiplicity    Chemical Shift No. of protons 
       (ppm) 
 
-H at position 2 doublet, J = 2.01 Hz  6.83   1 
-H at position 3 d, d; J = 3.0, 5.1 Hz  6.89   1 
-H at position 4 doublet, J = 3.00 Hz  7.23   1 
-H2 at position 6 singlet    3.80   2 
-H at position 7 broad peak   4.66   1 
-H2 at position 8, 9 doublet, J = 6.10 Hz  3.30   4 
-H at position 10 broad peak   4.69   1 
-H3 at position 12 singlet    1.90   3 
-H at position 13 singlet    4.95   1 
-H3 at position 16 singlet    2.10   3  
 

The signal at δ 3.30 integrated four protons and was observed as doublet having 

j = 6.10 (4 protons at positions 8 and 9). The signal at δ 2.1 integrates for 3 

protons. 

 

7.3.2 Radiochemistry 

Radiolabeling was carried out by stannous reduction method. The radiochemical 

purity of  99mTc-amine thiophene dionewas found 98.1 ± 1.2%. In vitro stability of 

the 99mTc-labeled drug at room temperature was studied up to 5h. The Figure 7.2 

graphically presents the labeling efficacy of various radiolabeled drugs after up to 

5h. Data indicate that drug shows only 1.5 ± 0.3% degradation and it might be a 

successful candidate. 
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Fig. 7.2 In vitro stability of 99mTc-amine thiophene dioneand 
99mTc(CO)3-Cp-triglyicne complex at room temperature. 

 

7.3.3 Coupling with blood protein and partition coefficient 

Protein binding of radiolabeled drug was studied by using fresh human blood 

collected from healthy volunteer. The percentage binding of 99mTc-amine 

thiophene dione with human blood was found 85.7 ± 1.132%. Partition coefficient 

is an essential parameter to be studied for evaluating pharmacokinetics of the 

drug. The data for partition coefficient of both drugs are shown in the Table 7.2 

 

Table 7.2 Partition coefficient data 99mTc-amine thiophene dione 

 

Hydrophilic media Lipophilic 
media 

Activity in 
 hydrophilic media

Activity in 
 lipophilic media 

PO4
-3 buffer pH=6.6 

 
 
 
 
Octanol 

14.5 ± 0.4 85.5 ± 2.7 

PO4
-3 buffer pH=7.0 

 
13.5 ± 1.1 86.5 ± 1.5 

PO4
-3 buffer pH=7.6 

 
13.9 ± 1.0 86.1 ± 2.5  

Saline 14.6 ± 0.6 85.4 ± 2.3  
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7.3.4 Bioevaluation 

For evaluating the potential of 99mTc-labeled amine thiophene dione as a feasible 

imaging agent was studied in a rabbit. It was observed that the radiolabeled 

amine thiophene dione formed a blood pool with heart, brain and liver, which 

excreted from the heart and liver within 1h. Static images of brain showed high 

tracer uptake in brain. Drug was not excreted through the hepatobiliary route. 

Route of excretion was through kidneys and bladder. The compound got rapidly 

extracted and retained in the brain which may be used in future, as a feasible 

candidate for imaging of regional blood flow in brain. 

 

 

 

Fig. 7.3 Biodistribution study of 99mTc-amine thiophene dione in 

rabbit at various time intervals, post injection (p.i.), (A) Dynamic study in 

posterior view at 15 min p.i.  (B) Dynamic study in posterior view at 30 min p.i. 

(C) Static view in posterior posture at 1h p.i. (D) Static view in posterior posture 

at 3h p.i. (E) Static view in posterior posture at 4h p.i.  

 

7.4 Discussion 

 

Reaction of thiophene-2-carboxaldehyde with ethane 1,2-diamine under mild 

conditions yield azomethine which was reduced with NaBH4 and condensed with 

dioneto obtained the desired product. Two intermediate products were formed 

during reaction, azomethine and its reduced form. After reduction of the product, 

product was condensed with dione to obtain the final product. The newly 

synthesized product was verified by elemental analysis, HPLC (retention time: 
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11.6 min), FTIR and 1HNMR. In 1HNMR spectra –CH resonance (proton present 

in the ring) appeared as multiplet in the region at 6.83-7.23 ppm, and -CH2 proton 

resonance appeared as a singlet at 3.80 ppm. Due to the slow exchange of 

secondary N–H bond, the amino proton has been partly decoupled and a broad 

spectrum resulted at 4.66 ppm. The signal at δ 3.30 integrated four protons and 

was observed as doublet having j = 6.10 (4 protons at positions 8 and 9). The 

signal at δ 2.1 integrates for 3 protons. The possible structure of the ligand is 

shown in Fig. 7.1  and the analytical data of 1HNMR of the ligand is summarized 

as: 1HNMR (CDCl3) δ 1.9-2.1(s) (6H, 2 x –CH3), δ 3.3(d) (4H, 2 x –CH2), δ 3.8(s) 

(2H, 1 x -CH2), δ 4.66-4.69(b) (2H, 2 x –NH), δ 4.95(s) (1H, =CH), δ 6.83-7.23(m) 

(3H, thiophene hydrogens). 

 

Kit formation of the newly synthesized ligand was carried out by stannous 

reduction method. Kit was directly labeled with technetium-99m. Three species 

were formed during labeling the bound 99mTc complex, free pertechnetate 

(99mTcO4
─) and reduced or hydrolyzed 99mTcO2, which were separated by PC and 

ITLC, respectively. The overall labeling yield of 99mTc-ligand complex, as 

calculated by these methods, was more than 98.1 ± 1.2%.   

 

The blood protein binding with radiocomplex is essential parameter to measure 

the effectiveness of chelating moiety to coordinate the radiometal. 99mTc-labeled 

ligand complex was studied in human blood. 99mTc-labeled-amine thiophene 

complex shows85.7 ± 1.132% binding with blood protein. Partition coefficient 

data shows that drug is significantly lipophilic in nature, such lipophilic character 

might be helpful for it to cross blood brain barrier. 

 
99mTc labeled amine thiophene complex was evaluated for its potential as brain 

imaging agent. Bioevaluation study was performed in rabbit. Prominent uptake in 

brain was observed from start up to 3h and then it starts decreasing. The 

absence of radioactivity in the stomach precludes the presence of free 

pertechnetate going to stomach which indicates in vivo stability of the complex. 
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Faint uptake in liver might be due to metabolism of the drug in liver. Most 

probable route of excretion was through kidneys and bladder. 
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CHAPTER – 8 

SYNTHESIS, RADIOLABELING AND BIOEVALUATION 

OF Cp-TRIGLYCINE COMPLEX FOR BRAIN IMAGING 

 

Cyclopentadienyl is the small ligand that can form stable complex with 

[99mTc(CO)3]+ core1. This ligand has shown some disadvantages in water as it is 

unstable and insoluble in water. It may for dimer or polymer in aqueous media. It 

is important to prepare [(Cp-R)99mTc(CO)3]  in water for radiopharmaceutical 

purposes. Carbonyl method of radiolabeleing helps to form stable complex and 

also by using this technique we can perform the reaction in water. This technique 

increases the possibility of using wide variety of biomolecules2-6. Some research 

work has been published to overcome this problem but they use harsh condition7-

10.In the recent studies it has been reported that Diels-Alder reaction can be 

helpful to overcome this problem. Thiele’s acid is the Dieles-Alder product that 

lead to the formation of [(Cp-COOH)(99mTc(CO)3])]11. Thiele’s acid is a very 

convenient precursor for the preparation of cyclopentadiene Derivatives12. In the 

present work thiele’s acid was used as a starting material for the synthesis of 

[(Cp-R)99mTc(CO)3]. It is the two step reaction first step involves the activation 

with pentaflourophenyl trifluoroacetate and second step is the Coupling with 

biomolecule, in this case triglycine was used as biomolecule. 

 

8.1 Materials 

Thiele’s acid was obtained from Switzerland via research collaboration, 

pentafluorophenyl trifluoroacetate was purchased from Aldrich, pyridine, dimethyl 

formamide, ethyl acetate and dichloromethane were purchased from Sigma 

Aldrich, molecular sieves were purchased from Fluka. Triglycine was purchased 

from sigma. 99mTc generator was taken from PINSTECH, Pakistan. Saline was 

purchased from Ostuka, Pakistan. Elemental analysis was performed on 

Elemental Analyzer MOD-1106 Carlo Erba. ESI-MS API 3000, LC/MS/MS 

System, Software: Analyst 1.2. Turbo Ion Spray Quelle. 
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8.2 Methods 

8.2.1 Synthesis 

8.2.1.1 Activation of Thiele’s acid with pentaflouro phenyl trifluoroacetate 

0.4g (2 mmol) of thiele's acid was dissolved in 4.5 mL of dimethyl formamide 

(DMF). After then 0.4 mL (5 mmol) of pyridine, 0.8 mL (4.7 mmol) pentaflouro 

phenyl trifluoroacetate were added and stirred at room temperature for 5h. After 

completion, 300 mL of ethyl acetate was added which was then washed three 

times with 150 mL 0.1N HCl and once with 150 mL of 5% NaHCO3.Aqueous 

phase was separated and organic phase was dried over molecular sieves. 

Solution was filtered, solvent evaporated at 70oC and product was weighed. The 

net product obtained in this reaction was 0.71g. The product was dissolved in 

100 mL dichloromethane (CH2Cl2) and the solution was washed with 150 mL of 

5% NaHCO3. Aqueous phase was separated and molecular sieves were added 

in organic phase and placed it overnight to absorb all the moisture content. 

Solution was filtered and solvent was evaporated at 35oC and product was 

weighed. The net product obtained in this reaction was 0.4g.  

 

 

Scheme 8.1 Activation of thiele’s acid with pentaflourophenyl 

trifluoroacetate 

 

8.2.1.2 Coupling with triglycine 

0.4g of above product was dissolved in 8.5 mL of dimethyl formamaide (DMF) 

and stirred at 0oC. 0.33g triglycine (1.76 mmol) and 0.148g NaHCO3 (1.76 mmol) 

were dissolved in 7.5 mL water and it was added drop wise by using syringe 

through seal cap and reaction mixture was allow to react at 0oC for 10h with 
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continuous stirring. DMF was evaporated and150 mL water was added, pH was 

maintained at 3 by using 1N and 0.1N HCl. After attaining the desired pH, 150 

mL dichloromethane was added. Both phases were separated and pH of 

aqueous phase was again brought to 3. Molecular sieveswere added in organic 

phase and placed it overnight to absorb all the moisture content. Solution was 

filtered and solvent was evaporated at 40oC and product was weighed. The net 

product obtained in this reaction was 0.99g. The product was varified by 

elemental analysis and ESI-MS. 

 

 

Scheme 8.2 Coupling of activated thiele’s acid with triglycine 

 

8.2.2 Labeling and radiochemical purity analysis 

2 mg of Thiele’s acid-triglycine complex was dissolved in 2 mL saline with few 

drops of 5% NaHCO3 solution and filtered through 0.22 µm membrane filter. 1mL 

of filtrate was mixed with radiolabeled isolink kit (isolink kit was labeled by 

following the procedure given in 6.2.1.1) and heated in boiling water bath for 30 

min. Cooled the labeled kit to room temperature.  
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Scheme 8.3 Radiolabeling of thiele’s acid-triglycine complex by using 

technitium-99m labeled isolink kit 

 

The amount of free pertechnetate in the reconstituted kit was determined by 

paper chromatography using acetone as mobile phase. 99mTc-labeled tricarbonyl 

was measured by paper chromatography in acetone and 99mTc(CO)3-labeled Cp-

triglycine complex was separated from free [99mTc(H2O)3(CO)3]+by instant thin 

layer chromatography in saline as developing phase. Small aliquot of the 

reconstituted kit were spotted on the respective strip PC (10×1 cm) and ITLC 

(10×1 cm) strip. After elution in respective solvents, strips were cut in fractions of 

1 cm and counted for radioactivity.  

 

8.2.3 In vitro analysis 

In vitro stability of the radiolabeled ligand was studied at intervals of 0.2,0.5, 1, 

1.5, 2, 2.5, 3, 3.5, 4h, 4.5h and 5h at room temperature. Change in stability of the 
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radiolabeled complex was analyzed at each time interval by ITLC to detect any 

dissociation of the complex. In vitro binding of blood protein with radiotracer and 

lipophilic characteristic were performed by following the procedure mentioned in 

2.2.5 and 2.2.6.  

 

8.2.4 Bioevaluation of [99mTc(CO)3(Cp-triglycine)] complex 

8.2.4.1 Bioevaluation in rabbit 

For evaluating the potential of the novel radiopharmaceutical, the acquisition 

study was carried out in rabbit .Valium was used as anesthesia. As an 

experimental procedure, 78 MBq/0.3 mL 99mTc(CO)3 labeled Cp-triglyicne 

complex was injected intravenously to left ear of the rabbit.  Images were taken 

at various time intervals up to 4h p.i. using a dual head gamma camera by 

applying a matrix size 256 x 256 and applying a zoom of 1 which were recorded 

by using a large field-of-view dual head SPECT gamma camera equipped with a 

low-energy, all-purpose collimator. Data processing was performed on the 

ICON8.5 Macintosh System interfaced with the camera. The imaging process 

was started by dynamic study of 15 min followed by static images of 1 min at 

varying intervals of time. SPECT scan was also performed on rabbits. In the first 

experiment, 45 MBq/0.3mL [99mTc(CO)3(Cp-triglycine)] kit was injected in left ear 

of the rabbit. The 15min/SPECT scan was performed up to 4h. In the second 

experiment, 1mg/0.3mL [Re(CO)3(Cp-triglycine)] (cold kit) was injected in right 

ear of the rabbit. After 15min 45 MBq/0.3mL [99mTc(CO)3(Cp-triglycine)] kit was 

injected in left ear of the rabbit. The 15min/SPECT scan was performed up to 4h.  

 

8.2.4.2 Bioevaluation in mice 

37 MBq/0.2 mL [99mTc(CO)3(Cp-triglycine)] complex was injected in the tail of 

female Swiss Webster mice of weight 28 ± 1g for studying the normal distribution 

of drug. Mice were dissected at 15min and 60 min of post injection. Organs were 

weighed and separately collected in test tubes and counted for activity. 
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8.3 Results 

8.3.1 Synthesis 

Synthesis of thiele’sacid-triglycine complex was carried out by using 

cyclopentadienyl chemistry. Starting from thiele’s acid, formation of ester with 

pentafluorophenyl trifluoroacetate and coupling with triglycine was the reaction 

showed in scheme 8.1 and 8.2. The final product was thiele’sacid-triglycine 

complex. The product was characterized by electron spray ionization mass 

spectrophotometry and elemental analysis. The ESI-MS of the product gave 

peak at m/z 562.89, consistent with the molecular formula C24H30N6O10 (M + H+). 

Elemental analysis data predicted the molecular formula of ligand is C24H30N6O10 

(C, 51.04%; H, 5.32%; N, 14.91%) which is consistent with the theoretically 

calculated formula i.e. C24H30N6O10: (C, 51.24%; H, 5.33%; N, 14.94%) 

 

8.3.2 Radiochemical purity 

Radiolabeling of thiele’sacid-triglyicine complex was carried out by using 99mTc-

labeled tricarbonyl complex. Labeling efficacy of 99mTc(CO)3-Cp-triglyicne 

complex was measured by using instant thin layer chromatography. The 

radiochemical purity of 99mTc(CO)3-Cp-triglyicne complex was found  97.1 ± 1.2% 

radiochemical purity. 

 

8.3.3 In vitro analysis 

In vitro stability of the 99mTc(CO)3-labeled drug at room temperature was studied 

up to 5h. The Figure 8.1 graphically presents the labeling efficacy of radiolabeled 

drug up to 5h.  
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Fig. 8.1 In vitro stability of 99mTc(CO)3-Cp-triglyicne complex at room 

temperature. 

 

Protein binding of both radiolabeled drug was studied by using fresh human 

blood collected from healthy volunteer. [99mTc(CO)3-Cp-triglyicine] complexshows 

53.6 ± 1.512% binding with blood protein. Partition coefficient is an essential 

parameter to be studied for evaluating pharmacokinetics of the drug. The data for 

partition coefficient of both drugs are shown in the Table 8.1 

 

Table 8.1 Partition coefficient of [99mTc(CO)3-Cp-triglycine] 

 

Hydrophilic media Lipophilic 

media 

Activity in 

 hydrophilic media 

Activity in 

 lipophilic media 

PO4
-3 buffer pH=6.6  

Octanol 

67.7 ± 3.11 33.3 ± 2.29 

PO4
-3 buffer pH=7.0 65.9 ± 3.09 34.1 ± 2.55 

PO4
-3 buffer pH=7.6 66.6 ± 3.17 34.4 ±2.71 

Saline 69.8 ± 2.99 30.2 ± 2.81 
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8.3.4 Bioevaluation of 99mTc(CO)3-Cp-triglycine complex 

8.3.4.1 Bioevaluation in rabbit 

Bioevaluation of the 99mTc(CO)3-Cp-triglycine complex was started with the  15 

min dynamic study immediately after intravenous injection (Fig. 8.2) followed by 

static study up to 4h. Brain is very clearly visualized. In the next experiment, 

brain was focused to check the reproducibility of the results. Figure 8.3 shows 

the 10 min SPECT study of the brain of the rabbit along with static images of the 

brain and whole body (Fig. 8.4).  

 

Fig. 8.2 Dynamic and static Images of rabbit whole body scan.(a) 

Dynamic image at 7 min p.i. (b) dynamic image at 15 min p.i. (c) Static image at 

1h p.i.   (d) Static image at 2h p.i. (e) Static image at 3h p.i.   (f) Static image at 

4h p.i. 
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Fig. 8.3 SPECT Study of Rabbit head for 10 min (each frame developed in 

1 min duration) 

 

 

 

Fig. 8.4 Static Images of rabbit head and whole body scan. Each image 

developed in 1 min duration. (a) Static image of rabbit head only at 20 min p.i. 

(b) Static image of rabbit (whole body) at 20 min p.i. (c) Static image of rabbit 

head only at 1h p.i.   (d) Static image of rabbit (whole body) at 1h p.i. 

 

SPECT scanning of brain of the rabbit has also been performed. In the first 

protocol of the study only [99mTc(CO)3-(Cp-triglycine)] kit was injected in left ear 

of the rabbit. In the second protocol, [(Cp-Gly3)Re(CO)3] was injected along with 

[(Cp-Gly3)99mTc(CO)3] kit. The SPECT data has been shown in figure 8.5.  
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Fig. 8.5(a) SPECT scan of the brain of rabbit after injecting 99mTc(CO)3–Cp-

triglycine 
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Fig. 8.5(b) SPECT scan of the brain of rabbit after injecting Re(CO)3–Cp-

triglycine  and 99mTc(CO)3 –Cp-triglycine 

 

8.3.4.2 Bioevaluation in mice 

Bioevaluation of 99mTc(CO)3 labeledCp-triglycine complex was also carried out in 

Swiss Webster mice. Mice were dissected for counting the percent uptake of 

drug in each organ at various time intervals. Table 8.2 shows the graphical 

presentation of percent uptake of injected dose per organ at various time 

intervals. 
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Table 8.2 %ID/g of 99mTc(CO)3-Cp-triglycine  in various organs of normal 

mice 

 

Organ %ID/g at 15 min p.i %ID/g at 60 min p.i 

Brain 2.01 ± 0.021 7.21 ± 0.022 

Spleen 0.9 ± 0.019 1.2 0± 0.206 

Liver 2.16 ± 0.029 3.25 ± 0.103 

Lungs 1.23 ± 0.201 2.03 ± 0.210 

Heart 0.29 ± 0.011 1.05 ± 0.054 

Muscles 0.09 ± 0.001 0.15 ± 0.002 

Blood 0.72 ± 0.003 0.87 ± 0.003 

Kidneys 8.92 ± 0.933 28.46 ± 2.557 

Bladder 5.25 ± 0.173 18.08 ± 1.543 

Tail (injection site) 40.94 ± 2.989 22.19 ± 2.247 

 

8.4 Discussion 

Thiele’s acid is the precursor of choice for the synthesis of cyclopentadienyl 

derivatives. Starting from thiele's acid, diels-alder dimerization reaction gave 

various stereoisomers.13 These isomers could be separated by various 

separation techniques. The subsequent work performed only with the single 

isomer given in scheme 8.1. The synthesis of thiele’s acid-triglycine complex 

involved the two step reaction. First step was the activation of thiele’s acid with 

pentaflouro phenyl trifluoroacetate and second step was the coupling with 

biomolecule through peptide bond. In this case, triglycine was used as 

biomolecule i.e., a peptide. The reaction was preceded at room temperature in 

dimethyl form amide and pyridine mixture14. After washing the product three 

times with 150 mL 0.1N HCl and once with 150 mL (5%) NaHCO3, solvent was 

evaporated. The desired product was disubstituted but monosubstituted as 

impurity was separated by dissolving the product in 100 mL dichloromethane and 

washed with 150 mL (5%) NaHCO3. After separation of mono-activated product, 

the desired disubstituted product in quantitative yield (400mg) was obtained. The 
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second step was the coupling with biomolecule (triglycine). The disubstituted 

product was allowed to react with triglycine at 0oC to yield white solid product. In 

this reaction triglycine displaced the pentafluorophenyl trifluoacetate and formed 

the peptide bond with both carboxylic groups of thiele’s acid .The elemental 

analysis (C24H30N6O10: C, 51.04 %; H, 5.32 %; N, 14.91 %) and ESI-MS peak at 

m/z 562.89, which was consistent with the molecular formula C24H30N6O10 (M + 

H+) confirmed the successful synthesis of the desired product. This method can 

be used for synthesis with any biomolecule containing amide group.  

 

The radiolabeling of the product was carried out by using isolink kit (Mallinkrodt). 

[99mTc(H2O)3(CO)3]+ percusor has wide range of applications in research and its 

chemistry is good for fundamental as well as application purposes.15,16 Because 

of the small size of carbonyl group it can tightly bound to the metal centre. Such 

binding property of the carbonyl group makes it a sucessful starting material for 

the bioorganometallic radiopharmaceutical chemistry.17 During binding of 

carbonyl with metal (99mTc), six electrons were transferred without formation of 

any intermediate. The three carbonyl molecules coordinate with 99mTc at very low 

concentration. Cyclopentadienyl ring blocked the three coordination sites and 

increased the possibility for conjugating the target vectors.18 The reaction of 

[99mTc(CO)3(H2O)3]+ with thiele’s acid-triglycine complex leads to the formation of 

piano stool cyclopentadienyl complex with 99mTc(CO)3 as shown in Scheme 8.3. 

The radiochemical purity was determined by paper chromatography and instant 

thin layer chromatography. Before applying the drug in-vivo, the drug was 

investigated by in-vitro analysis such as in-vitro stability at room temperature, 

protein binding and partition coefficient. 

 

Protein binding ability of the drug highly affects the pharmacokinetic behavior of 

the drug and gives information about the efficacy of the drug. 99mTc(CO)3-Cp-

triglycine complex shows 70.6 ± 1.512% protein binding in human blood. The 

protein bound drug remained in the blood stream and rest will be extracted and 

called as active part of the drug. The free or active part of the drug may involve in 
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causing some pharmacological changes. It is essential to know the partition 

coefficient of newly synthesized drugs, as it significantly affects the 

pharmacodynamics of the radiopharmaceuticals. For partition coefficient study 

saline and phosphate buffers of various pH (6.5, 7.0 and 7.6) were used as 

aqueous media and octanol was used as organic media. The results are shown 

in Table 8.1, shows that drug is more hydrophilic and slightly lipophilic in nature. 

It is highly recommended to make drug with high hydrophilic properties.19 The 

lipophilic characteristic of a drug affects the drug binding with receptor targets.20 

Due to its hydrophilic property, it may show rapid clearance from body.  

 

For studying the uptake pattern of radiolabeled drug in various organs of the 

body, rabbits and Swiss Webster mice were selected. The prominent uptake was 

observed in brain (Fig. 8.2). The route of excretion was through kidneys and 

bladder. The uptake of drug in liver might be due to metabolism of drug in liver. 

The absence of radioactivity in stomach and thyroid reveals the in vivo stability of 

the drug. Similar pattern of uptake in brain was also observed during SPECT 

study. Brain was clearly visualized. A faint uptake starts from the very first frame, 

which gets intensified from the second frame and onward (Fig. 8.3). In another 

experiment cold kit of [Re(CO)3(Cp-triglycine)] was injected and after 15min of 

post injection [99mTc(CO)3(Cp-triglycine)] was injected at the same site and 

SPECT study of brain was performed. In Figure 8.5(a) and Figure 8.5(b) 

prominent difference in uptake pattern in brain was observed. Figure 8.5(a) 

shows the uptake in brain when only [99mTc(CO)3(Cp-triglycine)] was injected in 

rabbit while Figure 8.5(b) shows the uptake pattern of drug when we injected 

both [Re(CO)3(Cp-Gly3)] and [99mTc(CO)3(Cp-Gly3)] to the rabbit. The data show 

that cold rhenium kit decreased the uptake of [99mTc(Cp-triglycine)] in brain and it 

might blocks the entry of [99mTc(CO)3(Cp-triglycine)] in the brain that is clearly 

visible in Figure 8.5(b). 

 

The [99mTc(CO)3(Cp-triglycine)] was also studied in Swiss Webster mice. The 

mice were dissected and various organs were counted for radioactivity. The 
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uptake pattern shows that the uptake in brain was low (2.01 ± 0.021 %ID/g) at 15 

min of dissection which increased (7.21 ± 0.022 %ID/g) at 60 min. The uptake in 

various body organs is shown in Table 8.2. The result shows that the uptake 

pattern of the drug was same as in rabbit and it might be a successful candidate 

for future diagnostic study of brain. 
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CONCLUSION 

This research work has been concluded in following three sections: 

 

Cancer Diagnosis 

Biomolecules (1-azido-1-deoxy-β-D glucopyranoside and foalte azide) and 

anticancer drugs (5-Fluorouracil and Methotrexate) were radiolabeled with 

technetium-99m for diagnosis of cancer.Drugs were radiolabeled and after few in 

vitro analysis (radiochemical purity, in vitro stability at room temperature), they 

were evaluated for their potential as cancer diagnostic agent.5-fluorouracil was 

radiolabeled via stannous reduction method. Normal distribution in mice shows 

faint uptake in liver. In tumor bearing mice, drug shows prominent uptake in 

tumor. 99mTc-labeled 5-fluorouracil was also evaluated clinically as potential 

breast cancer diagnostic agent. Second anticancer drug e.g., methotrexate was 

also radiolabeled via stannous reduction method. Normal distribution did not 

show prominent uptake in any organ. Biodistribution in tumor bearing mice shows 

significant uptake in tumor. 1-azido-1-deoxy-β-D glucopyranoside and folate 

azide were radiolabeled via isolink kit, which enhance the in vivo stability of the 

radiocomplex. Normal distribution of 99mTc(CO)3-1-azido-1-deoxy-β-D-

glucopyranoside in mice shows prominent uptake in brain due to glucose 

molecule while in tumor bearing mice maximum uptake was observed in tumor, 

showing negligible uptake in brain. In case of 99mTc(CO)3-folate azide complex, 

normal distribution did not show prominent uptake in any organ and in case of 

tumor bearing mice, drug shows prominent uptake in tumor.  

 

Sentinel Lymph Node Detection 

Rhenium sulfide colloidal nanoparticles and various dextran derivatives were 

evaluated for sentinel lymph node detection. Rhenium sulfide colloidal 

nanoparticles were developed by using rhenium sulfide, L-cystiene hydrochloride 

monohydrate and ethylene glycol. Ethylene glycol was acting as a solvent as well 

as particles stabilizer. Size of radiolabeled colloidal nanoparticles were measured 
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by membrane filtration technique. Radiolabeling was carried out by using 

pyrophosphate kit. Dextran derivatives were radiolabeled via isolink kit.99mTc-

labeled rhenium sulfide colloidal nanoparticles and 99mTc(CO)3-labeled dextran 

derivatives were injected intradramally in foot pad of rabbit. Successful uptake in 

sentinel lymph node within 15 min p.i was observed.  As second node was 

overlapped by activity in bladder, so rabbits were dissected and activty was 

measured and percent injected dose in first node, second node and percent 

popliteal extraction was measured. 

 

Brain Imaging Agents 

Amine thiophene dione and Cp-triglycine were evaluated for their potential as 

brain imaging agents. Amine thiophene dione is a schiff base which was 

synthesized (characterized by HPLC, FTIR, elemental analysis and 1H-NMR), 

radiolabeled (via stannous reduction method) and bioevaluated (in rabbit). 

Prominent uptake in brain suggests it as a sucessful candidate for brain 

imaging.Cp-triglycine was synthesized by using cyclopentadienyl chemistry. 

Radiolabeling was carried out by using isolink kit. Biodistribution study in rabbit 

shows prominent uptake in brain. Dynamic, static and SPECT images present it 

as a successful candidate for brain imaging. 
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APPENDICES 

 

ESI-MS of 1-azido-1-deoxy-β-D glucopyranoside complex 

 

 

MALDI of Folateazide complex 
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FTIR spectra of thiophene-2-carboxaldehyde ethylene diamine-N-

dione. 

 

ESI-MS of Cp-triglyicne complex
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