About Magnetic resonance imaging
Although magnetic resonance imaging (MRI) is highly effective in identifying tumor location or size and in detecting even small intracranial lesions, it remains often difficult of differentiating between viable tumor tissue and postsurgical morphological changes such as gliosis or tumor-associated brain edema. PET may help to overcome this dilemma of diagnosis.

PET represents an analytical imaging technology developed to use compounds labeled withpositronemitting radioisotopes as molecular probes to image and measure biochemical processes of mammalian biology in vivo.

C11 - L-methyl methionine , Raclopride C 11, [[11C]DASB] are the 3 tracers used in PET brain imaging apart from the most commonly used FDG.

C11 - L-methyl methionine

Carbon-11 methionine is another radiopharmaceutical that can be used for tumor imaging. Its uptake reflects increased amino acid transport and protein synthesis and is related to cellular multiplication activity .
Pharmacokinetics
In the evaluation of brain lesions, 11C-methionine has advantages over 18F-FDG, stemming primarily from its low uptake in the normal brain.However,18F-FDG can be synthesized more easily, is more widely available, and has a longer half-life than 11C-methionine of 20 minutes. These factors hinder the clinical application of 11C-methionine.
Distribution
Methionine and other large neutral AA are transported across the BBB and cell membranes by a particular carrier system mediated through the sodium-independent L-transport system in the luminal membrane of endothelial cells.

The methionine uptake does not directly reflect protein synthesis, but it represents cell avidity for AA, which relates to the activity of the transport system and incorporation in proteins.
METHOD OF ANALYSIS:
The tumor ROIs were defined on the T1 weighted MRI with Gadolinium DTPA scans, followed by the transverse slices of the11C-Met PETscans .The tumor ROI was then mirrored to the contralateral side (tumor mirror region).

NOTE: [11C-Met uptake ratios :a) tumor/wm�average tumor tissue uptake divided by the white matter uptake,b) tumor max/wm�the peak tumor tissue uptake divided by the white matter uptake,c) tumor/mirror�average tumor tissue uptake divided by the average mirror region uptake.]

A representation and interpretation of the area under a receiver operating characteristic (ROC) curve obtained by the 'rating' method, or by mathematical predictions based on patient characteristics, is presented. It is shown that in such a setting the area represents the probability that a randomly chosen diseased subject is ranked with greater suspicion than a randomly chosen non-diseased subject (2).

The study done by Borb�ly et al., 2006 reveals that receiver-operating-curve analysisis as the preferred semi-quantitative analysisi method .It showed that characteristic (ROCs) curves of the uptake ratios of the parameter tumor/mirror11C-Met can be the suitable ratio for a higher sensitivity and specificity.
Clinically
· Methionine-PET scanning has been proved to be helpful for brain tumor diagnosis and delineation.

· The studies overcome the difficulty in differentiating brain tumors from other cerebral pathologies that is, infections, radiation necrosis, or brain edema formation, especially for determining their tumoral boundaries.

· It has been reported to offer a reliable diagnostic method for differentiation between recurrent malignant astrocytoma and radiation necrosis or gliosis.
Raclopride C 11
Raclopride C 11, commonly referred to as [O-methyl-11C] raclopride . Raclopride, a compound of the salicylamide series, is an antipsychotic drug with high selectivity and affinity for central D2-dopamine receptors .

It has been used in research purposes as below:
· Raclopride C 11 is used with positron emission tomography (PET) as a clinical research tool to determine dopamine type 2 (D2) receptor density in the human brain under normal and pathological conditionslike to confirm the age-related decrease in striatal dopamine D2receptor density, which may be associated with a decline in motor as well as cognitive functions.

· It has been used to investigate various disorders involving dopamine deficiency.

· It may be used to examine neuroreceptor distribution and quantities in patients withAlzheimer'sdisease, which may help in the analysis of degenerative alterations of neuron populations and neuroreceptor systems in patients with this disease.

· It may be useful for investigating the dopaminergic function in the striatum as a means of differentiating patients with multiple system atrophy from patients with Parkinson's disease

· Dopamine D2receptor density assessed in patients withschizophrenia using raclopride C 11 with PET has been used to evaluate the neocortical receptor occupancy of antipsychotic drugs used in the clinical treatment of patients with schizophrenia .
Clinically,
· It may provide a means of detecting subclinical striatal dysfunction, and help in assessing the rate of progression of Huntington's disease.

· In addition, it may be used to evaluate the response to treatment of pituitary tumors, such as prolactinomas, with dopamine agonists (e.g., bromocriptine), and to predict the effect of such treatment.
Source:
Carbon C 11 (11CO2) may be produced by the 11C nuclear reaction on 14N(p,alpha), a target of nitrogen gas.11CO2is used in the preparation of the reactive precursors11C-iodomethane and 1-11C-iodoethane. Raclopride can be labeled with carbon-11 either byN-ethylation with 1-11C-iodoethane or byO-methylation with11C-iodomethane. Preparations of raclopride C 11 have been shown to be stable at room temperature for 74 minutes.
Dosage (Brain Imaging)
Intravenous, 110 to 496 megabecquerels (3 to 13.4 millicuries), with specific radioactivity between 18.5 and 55.5 megabecquerels (0.5 and 1.5 millicuries), administered as a bolus injection.Striatal uptake and image contrast depend on the mass of raclopride C 11.

At high specific activity, specific binding is much greater than nonspecific uptake, and maximum image contrast between the striatum and cerebellum is obtained. For optimal efficacy in measuring receptor densities, the specific activity of raclopride C 11 should not be less than 18.5 gigabecquerels (500 millicuries) per micromole at the time of calibration.

The radioligand raclopride C 11 is retained in tissue as a result of binding to a neurotransmitter receptor. Raclopride is a selective dopamine antagonist with a high affinity for dopamine type 2 (D2) receptors.Since the neurotransmitter dopamine may be involved in various neuropsychiatric diseases, the in vivo binding of raclopride to dopamine receptors in the striatum can be measured by positron emission tomography (PET) with radiolabeled raclopride used as a tracer.
Time to imaging
Immediately after injection, and continued for approximately 60 minutes.
Distribution:
Raclopride C 11 is rapidly cleared from both plasma and whole blood, and crosses the blood-brain barrier. After intravenous administration, raclopride C 11 localizes in the basal ganglia, a region with a high density of dopamine receptors. PET images show stereoselective concentration of raclopride C 11 in the region of the putamen relative to the rest of the brain.

PET images of the corpus striatum represent high binding to D2receptors. The cerebellum has virtually no dopamine D2receptors.Therefore, the accumulation of raclopride C 11 in the cerebellum serves as a measure of nonspecific or nonreceptor-associated binding. Very little nonspecific binding occurs.
Excretion:
Biliary
METHODS IN IMAGE ANALYSIS.
Regions of interest (ROI) were delineated on the MR images and transferred to the PET images. Data from the series of sections were pooled to obtain the average radioactivity concentration of the whole volume of interest and were plotted versus tim. For each ROI, the [11C] raclopride binding potential (BP) was calculated using the simplified reference tissue model .The reference tissue model allows for quantification of receptor kinetics without measuring the arterial input function, thus avoiding arterial cannulation and time-consuming metabolite measurements function, provided that a reference tissue exists in which no specific binding of the radioligand occurs. The model contains four parameters, of which the BP is the parameter of interest. Although BP is robust, convergence rates are slow and the other parameters can have large standard errors. To overcome this problem, a simplified reference tissue containing only three parameters was developed.

[[11C]DASB]

The IUPAC name is 3-amino-4-[2-[(di(methyl)amino)methyl]phenyl] sulfanylbenzonitrile. DASBis a compound that binds to theserotonin transporter. Labeled withcarbon-11� a radioactive isotope it has been used as a radioligandinneuroimagingwithpositron emission tomography(PET) for the past 9 yrs.It is regarded as one of the superior radioligands for PET study of the serotonin transporter in thebrain, since it has highselectivityfor the serotonin transporter.
Synthesis
[11C]DASB was synthesized by alkylation of itsN-normethyl precursor using [11C]iodomethane in 30-55% radiochemical yield (not corrected for decay) in 25-30 min (6). Chemical and radiochemical purities were >98% with specific activities of 25-55 GBq/�mol (0.68-1.49 Ci/�mol) at the end of synthesis.
Methodology
Thebinding potentialof DASB can be estimated withkinetic modelingon a series of brain scans. When the DASB neuroimages are analyzed the kinetic models suggested by Ichise and coworkerscan be employed to estimate the binding potential. They developed and applied two new linearized reference tissue models for parametric images of binding potential (BP) and relative delivery (R1) for [11C] DASB PET imaging of serotonin transporters in human brain.

Pharmacokinetics

A major drawback of [11C]DASB, however, is that11C has a half-life of 20 min. The short half-life of11C-labeled tracers limits their application to only medical centers possessing an onsite cyclotron and skilled radiochemistry team.
Distribution
The DASB image from a human PET scan shows high binding in themidbrain,thalamusandstriatum, moderate binding in themedial temporal lobeandanterior cingulate, and low binding inneocortex. Thecerebellumis often regarded as a region with no specific serotonin transporter binding and the brain region is used as a reference in some studies
Role in Research
[11C]DASB is currently the ligand of choice, where11C tracers are made at a cyclotron in the near proximity, for imaging SERT. Since the serotonin transporter is the target ofSSRIsused in the treatment ofmajor depressionit has been natural to examine DASB binding in depressed patients. Several such research studies have been performed. The studies have found out that DASB neuroimaging showed an increased binding activity inthe prefrontal cortex,anterior cingulate,thalamus, bilateralcaudate, and putamen in major depressive episodes .It showed an increase activity in the thalamus,insulaandstriatum in unipolar depression and bipolar depression.It showed a reduced activity in forebrain in Parkinson's disease.DepressedParkinson's diseasepatients showed an elevated activity in prefrontalanddorsolateralcortices. Drug/intervention studies showed a reduction over a large area in abstinent ecstasy users.
References:
1. Masanori Ichise, Jeih-San Liow, Jian-Qiang Lu, Akihiro Takano, Kendra Model, Hiroshi Toyama, Tetsuya Suhara, Kazutoshi Suzuki, Robert B Innis and Richard E Carson , (2003). "Linearized Reference Tissue Parametric Imaging Methods: Application to [11C]DASB Positron Emission Tomography Studies of the Serotonin Transporter in Human Brain".Journal of Cerebral Blood Flow & Metabolism23: 1096-1112.

2. Hanley, J.A.,McNeil, B.J.,1982. The meaning and use of the area under a receiver operating characteristic (ROC) curve: Radiology,Volume 143, Issue 1, Pages 29-36.

3. Lammertsma, A.A.,Hume, S.P,1986. Simplified reference tissue model for PET receptor studies: Neuroimage, Volume 4, Issue 3, Pages 153-158.

4. Leung,Kam,"http://www.ncbi.nlm.nih.gov/bookshelf/br.fcgi?book=micad&part=DASB11C", MICAD, Retrieved on March 3rd , 2010.

5. "http://www.drugs.com/mmx/raclopride-c-11.html", Drugs Information online, Retrieved on march 3rd, 2010.

6. Mirjam Talvik, Anna-Lena Nordstr�m, Yoshiro Okubo, Hans Olsson, Jacqueline Borg, Christer Halldinand Lars Farde,2006.Dopamine D2receptor binding in drug-na�ve patients with schizophrenia examined withraclopride-C11and positron emission tomography, Psychiatry Research: Neuroimaging: Volume 148, Issues 2-3, Pages 165-173.

7. Katalin Borb�ly, Istv�n Ny�ry, M�ria T�th, Kaj Ericsonand Bal�zs Guly�s, , 15 July 2006 .Optimization of semi-quantification in metabolicPET studies with18F-fluorodeoxyglucose and11C-methionine in the determination of malignancy of gliomas Journal of the Neurological Sciences,Volume 246, Issues 1-2,Pages 85-94.

8. B Schaller, April 2004.Usefulness ofpositron emission tomographyin diagnosis and treatment follow-up of brain tumors, Neurobiology of Disease, Volume 15, Issue 3, , Pages 437-448.
