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Summary 

Positron emission tomography (PET) is an unsurpassed method for imaging human 
biochemical and physiological processes in vivo. Unlimited numbers of natural 
substrates, substrate analogs, and drugs can be labeled for use with PET. This labeling 
does not change their chemical or biological properties. Minute amounts of biologically 
active compounds are labeled with positron emitting radionuclides and then 
administered to the subjects.  

The temporal and spatial distribution of these tracers within the body is measured with 
PET. PET combined with tracer kinetic models measures blood flow, membrane 
transport, metabolism, ligand receptor interactions, and, recently, also gene expression, 
noninvasively and quantitatively, in humans. PET has also been used extensively to 
study cellular metabolism in the brain, heart, and malignant tumors. 

1. Introduction: Principles of PET 
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Positron emission tomography (PET) is a quantitative in vivo functional imaging 
method that can generate information on human physiology and pathophysiology at a 
molecular level currently unobtainable with other methods. PET is an extremely 
sensitive and specific imaging tool that allows reliable detection of even subpicomolar 
concentrations of compounds. 

 

Figure 1. Example of whole body imaging using combined PET and X-ray CT 
Source: Image provided by Professor Gustav von Schulthess, Zurich University, 

Switzerland. 

PET is based on the use of short-lived positron emitting radioisotopes, such as carbon-
11 (t1/2 = 20 min), nitrogen-13 (t1/2 = 10 min), oxygen-15 (t1/2 = 2 min), and fluorine-18 
(t1/2 = 110 min). Nearly all substrates and drugs can be labeled without changing their 
physicochemical or pharmacological properties. Due to rapid decay of the positron 
emitters most PET tracers have to be synthesized on site. The tracer is injected 
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intravenously into the subject or inhaled as a gas. It is distributed throughout the body 
via the bloodstream and enters into organs. In tissue, positrons emitted from the nucleus 
collide with their counterparts—electrons—and the masses of the two particles are 
converted into two photons emitted simultaneously in opposite directions. PET imaging 
is based on the detection of these paired photons in coincidence. PET can thus measure 
the anatomical and temporal distribution of the radiolabeled molecules in the body, 
since the site of collision is registered by the detector system. Physiological and 
pharmacological phenomena and biological parameters can be estimated in vivo by 
mathematical modeling of the tissue and blood time-activity curves obtained. 

Anatomic information from computerized tomography (CT) and magnetic resonance 
imaging (MRI) add to the functional information obtained with PET, and the three 3D 
imaging modalities can be seen as complementary to each other. The image correlation 
can be facilitated by sophisticated software allowing coregistration of CT or MRI 
images with PET. Furthermore, PET scanners combined with CT or MRI are now being 
developed to effectively merge structural anatomy and molecular function into one 
image. The major emphasis in technical development is on PET and X-ray CT scanners 
at both patient and small animal levels. Recent years have witnessed the use of the first 
clinical PET/CT systems, which doubtless will soon be more available (see Figure 1). 

Moreover, the recent development of high-resolution micro-PET cameras will open 
entirely new perspectives for studying genetically engineered small animals. The goal is 
to provide a similar in vivo molecular imaging capability in mouse, rat, monkey, and 
humans. These devices are being designed to provide high-throughput in vivo 
differential screening of biological responses in transgenic rodents’ cell transplants for 
monitoring of drug effects. 

 

Figure 2. Examples of ex vivo imaging of mouse (upper panel) and in vitro imaging of 
human brain (lower panel) using a phosphoimaging system 



UNESCO – 
EOLS

S

SAMPLE
 C

HAPTERS

PHYSIOLOGY AND MAINTENANCE – Vol. I – Positron Emission Tomography: Molecular Imaging of Biological Processes - 
Juhani Knuuti, Heikki Minn, and Juha Rinne 
  

©Encyclopedia of Life Support Systems (EOLSS) 

Special devices that can directly image positron decay in thin tissue slices have also 
been designed. With these phosphoimagers spatial differences in tissue radioactivity 
concentration can be detected with a very high spatial resolution of 25 μm. The tracer is 
injected into a living animal and after a certain time the animal is put down, its organs 
sliced, and subsequently imaged ex vivo. In parallel with the classical autoradiography 
technique, in vitro imaging is feasible as well (see Figure 2). 

2. Radiochemistry 

The rapid and efficient labeling of organic molecules is a very special challenge. As 
molecules can be labeled to very high specific radioactivity, an intravenous injection of 
less than one microgram is often sufficient to perform a PET study. Thus “tracer doses,” 
that is, doses without any pharmacological effects, can be used. 

Useful radionuclides for this purpose are carbon-11, nitrogen-13, oxygen-15, and 
fluorine-18. Because of the short half-lives of these radionuclides, the radioactivity 
production must occur on site with a small cyclotron. Carbon-11 is especially useful as 
almost every compound of living systems contains carbon. The rationale for using 
fluorine-18 is that in many molecules a hydrogen atom or a hydroxyl group can be 
substituted for a fluorine without altering its behavior in the human body. The short 
half-lives of nitrogen-13 and oxygen-15 limit the applications in radiochemical 
synthesis, but both nuclides appear as perfusion agents in the form of nitrogen-13-
ammonia ([13N]NH3) and oxygen-15-water ([15O]H2O). 

3. Drug Development, Radiolabeled Drugs, and PET 

PET holds great promise in all phases of drug development ranging from the initial 
discovery of therapeutic targets to the fine-tuning of pharmaceutical formulations. As a 
multidisciplinary clinical research tool, PET can provide unique information on the 
distribution and properties of drug target molecules in the living organism, about 
pathological changes in biochemical and physiological processes in various disease 
states, and their responses to treatment, as well as about drug disposition. PET can be 
used to assess directly the pharmacokinetics and pharmacodynamics of new drugs, both 
in laboratory animals and in humans. 

3.1. Pharmacodynamic Studies 

As a functional research tool PET can be the method of choice to study pharmacological 
effects of new drugs. Physiological and pharmacological phenomena and biological 
correlates can be estimated in vivo by mathematical modeling of the tissue and plasma 
time-activity curves obtained through dynamic imaging and blood sampling. PET is 
currently the only technique that permits noninvasive quantification of regional tissue 
perfusion, glucose and fatty acid utilization, protein synthesis, and cell proliferation rate, 
as well as oxygen consumption in absolute terms. At best PET can be used to verify the 
anticipated mechanism of action (proof of concept) of a drug candidate in humans. 
Several methods are currently available to study the ligand–receptor interactions of new 
drugs in the living human brain. We can, for example, assess how an unlabeled study 
drug inhibits specific binding of a model PET-ligand with known receptor affinity. This 
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approach enables the measurement of receptor occupancy (i.e. the percentage of target 
receptors occupied) as a function of dose or concentration. Such knowledge can be 
extremely useful in the optimal design of clinical phase II and III studies. In oncology 
PET is used, in turn, to measure the effectiveness of new anticancer agents and to 
optimize therapy protocols. 

3.2. Pharmacokinetic Studies 

For pharmacokinetic studies the drug itself has to be labeled. Because “tracer doses” 
(i.e., doses without any pharmacological effects) can be used, PET studies can be 
carried out even before the drug enters the actual clinical phase of drug development. 
The information that can be obtained at an early stage includes, for example, 
metabolism of the compound, penetration through the blood–brain barrier and drug 
disposition in general, receptor kinetics, receptor specificity, and potential organ 
toxicity. This represents a major advantage because at present the selection of potential 
new drugs is commonly based on trial and error in the clinical phase of development. 
PET studies are relatively expensive, but can be highly cost effective if correctly applied 
in modern drug development. 

- 
- 
- 
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