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ABSTRACT : 
The association of new methods of labelling with short lived 
radioisotopes (1^C, 13N, ^ Q , 18p) and of visualisation 
"in vivo" of these labelled molecules by emission tomography, 
provide the possibility of studying brain metabolism at 
different leve±s : fluids mouvements, blood brain barrier 
permeability, metabolism and pharmacokinetics. Two examples 
will illustratetha possibilities of this methodology. 
1 - Cerebral metabolism of methionine- C in phenylketonutic 
patients : 
The cerebral uptake of methionine was measured in 24 PKU 
children aged 1 to 40 months on a low protein diet. Ten of 
them were examined twice at intervals of sevrai months. 
Stopping the diet for one week leads to an increase in 
blood phenylalanine and to a significant important decrease 
in brain uptake of labelled methionine. Futhermore, for 
children under treatement having a low phenylalanine blood 
concentration, brain uptake of methionine decreases with 
age between 1 and 40 months. These results suggest that 
the treatement of this desease should be started as soon 
as possible after birth. 
2 - Cerebral metabolism of psychoactive drugs : 
The study of the brain distribution and kinetics of psyche-
active drugs may help in understanding theirmode of action. 
Chlorproir.azine- 1*C was administered i.v. to schyzophrenic 
patients not previously treated with neuroleptics. In all 
patients the brain uptake of the drug was high and rapid, 
and was localised mainly in the grey matter, probably in 
proportion to the blood flow. Non-specific binding of this 
drug to brain proteins prevented visualization of specific 
binding to dopaminergic or anor-adiénergie receptors. 
Specific receptor binding of benzodiazepines was however 
visualized in the brain of baboons after injection of 
^C-flunitrazepam (specific activity = 60O Ci/pmole)and 
subsequent displacement of this radioactive ligand by a 
pharmacological dese of Lorazepam. 
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INTRODUCTION 

The association of new methods of labelling with short lived radioiso
topes and of visualisation "in vivo" of these labelled molecules, by 
emission tomography, give the possibility of studying brain metabolism 
at different levels : 
- Fluids movements (for example cerebral blood-flow), 
- metabolism (for example oxygen or glucose consumption), 
- Blood brain barrier permeability, 
- mete bo'ism of drugs (receptor ligand interactions). 
Thesuccess of such investigations depends on the simultaneous availa
bility of three technological developments. One involves the production 
of the chosen radioisotope, the second the labelling procedure and the 
third the detection device. 
The production of three radionuclides, isotopes of the principal ele
ments constituting biological matter, requires a particle accelerator, 
since they can only be produced by charged particle nuclear reactions 
(1). Carbon 11 (T= 20.5 min) , Nitrogen 13 (T = 10 min) and Oxygen 
(T = 2.04 min), which are the main radioisotopes we are concerned with, 
have such short half-lives that they must be produced at the site of 
their use. This means that the particle accelerator, generally a cy
clotron, has to be set up in a hospital. 
All these radioisotopes allow the iso-atom labelling of organic mole
cules and thus the study of their metabolism or distribution after 
injection, which will make possible study of the metabolism of the 
corresponding natural non-labelled molecule. (2) 
However, because of the short half-life of these three radioisotopes, 
the labelling procedures including synthesis and purification have to 
be as rapid as possible, and must be carried out close to the cyclotron 
and near the imaging device. Also because of the short half-life only 
rapid metabolism or physiological pathways can be investigated. It is 
generally conceded that the labelling procedures as well as the in vivo 
investigation should not exceed 3 half-lives of the radioisotopes. 
This means 6 minutes for Oxygen 15, 30 minutes for Nitrogen 13 and 60 
minutes for Carbon 11. 
In addition to the fact that those raid io isotope s allow .iso-atom label
ling, they are short lived and consequently may be injected into humans 
without serious radiation damage problems. They disintegrate by emit
ting positrons which can be detected by external counting by virtue of 
the two 511 keV gamma rays emitted at the same time in opposite di
rections. These properties are used for tomographic detection and per
mit quantitative measurements of the radioactivity distributed in a 
living organism. Two examples of the use of this methodology will be 
described. The first will be concerned with the transport of amino 
acids into the brain, the second with the metabolism of psychoactive 
drugs. 



11 C-methionine Brain uptake in Phenylketonuria (3) 

This disease is biochemically characterized by a lack of phenylalanine 
hydroxylase which results in an increase of blood phenylalanine levels. 
At the level of the brain, essential amino acids are actively trans
ported across the blcod brain barrier (B.B.B.) in soma cases using the 
same transport system. In phenylketonuria the high phenylalanine blood 
levels saturate this transport mechanism and prevent penetration into 
the brain of other amino acids sharing the same transport system. This 
is the case for methionine. Children suffering from this disease de
velop an irreversible mental retardation which can be avoided if a 
low protein diet is provided to them during the first years of life 
during the brain maturation process. In order to assist the clinician 
in following treatment, the influence of blood phenylalanine levels 
on the uptake of methionine by brain was studied in young PKU children 
between 1 and 40 months. 
L-methionine was labelled with carbon 11 by methylation of L-homo-
cyste.ine (4) . The specific radioactivity at the time of injection is 
generally of the order of 1 Ci/ymole an"! the radiochemical purity of 
the labelled methionine is higher than 99 %. 
The radiopharmaceutical was injected intravenously and the radioacti
vity at the level of the head was recorded either with a positron 
camera (ECAT-ORTEC) or a conventional gamma camera equipped with a high 
energy collimator. The brain activity was followed for 20 minutes. In 
the case of the gamma camera the brain radioactivity was obtained af
ter substracting the scalp and blood activity. 
The appearance .and evolution of the cerebral radioactivity due to C-
methionine are due to various phenomena : active transport through the 
blood brain barrier (B.B.B.), extracellular distribution, blood ex
change, metabolism and cellular incorporation. The global evolution of 
these parameters expressed by methionine brain uptake was followed 
according to the age and phenylalanine blood concentration of the 
children studied. 
As an example, the difference in the amount and distribution of me-
thionine-l^C penetrating the brain of a normal subject before and after 
a lead of phenylalanine is shown en the pictures of the brain obtained 
by positron tomography. Two brain levels are shown at OM + 4 and OM+6 
cm. It is obvious that after the load of phenylalanine the brain up
take of He methionine has dramatically decreased (pictures on the 
right = normal, on the left : after phenylalanine load). This observa
tion was made in all the children studied : a decrease in the brain 
carbon 11 methionine uptake as soon as the phenylalaninemia v/as in
creased as a result of discontinuing the low protein diet for a few 
days, (figure""T) 
It v/as also found that the uptake of O-methionine by brain in child
ren having a normal blood phenylalanine level decreased with age as 
shown on figure 2. Ten children were studied on two occasions several 
months apart. The younger child the larger was the decrease of the 
methionine uptake with age. This finding fits well with what is known 
of the maturation of brain during the first months of life. 
These results suggest that the treatment of PKU children should be 
started as soon as possible and in such a way that the blood phenyl
alanine concentration does not exceed a given value. 



Because of the very fast initial uptake and subsequent slower increase 
of radioactivity, which point to a high blood brain barrier permeabi
lity and slow cerebral metabolism wichin the time scale of the exami
nation, we tend to interpret these images in terms of cerebral blood 
flow distribution (5). A possible binding to specific dopaminergic or 
noradrenergic receptors probably cannot be visualized in these pictures 
because of a very high uptake of the drug by non specific sites, which 
cannot be differentiated from the specific ones because of the low 
spatial resolution of the detection device. Because of this failure tc 
detect specific brain neurotransmitter receptors in vivo using labelled 
chlorpromazine, it might be worth discussing the criteria defining spe
cific receptors, and the way they may be studied in vivo (6). 
Three criteria have to be fulfilled in order to before characterize 
specific receptors : 

1. A specific receptor should bind to a radioactive ligand in such a 
way that the dissociation constant of the rereptor-ligand complex is 
in the nanomolar range. Dissociation constants of non specific binding 
reaction are in the micromolar range ; the number of specific sites is 
very small compared to non specific ones. This means that in a tissue 
where specific and non specific receptors are present a radioactive li
gand binding to both can be displaced from the specific receptor sites 
by a high amount of the cold ligand, since because of their low number 
they are saturated before the non specific receptors, which are pro-
sent in much greater number. 

2. The receptors sites should be found where the transmitter is know.i 
to be present. 
3. The specific binding should be related to a pharmacological response 
quantitatively and qualitatively. The binding of an agonist or an anta
gonist to a specific site should be accompanied by an inverse pharmaco
logical response. 
In some cases stereospecificity should be demonstrated. 
If some or all of these criteria are to be demonstrated in vivo, some 
practical considerations have to be looked at carefully : 

a) The radioactive ligand has to be labelled with a gamma emitter with 
a specific activity such that the concentration at the receptor site is 
of the order of magnitude of the dissociation constant of the receptor-
lig^nd reaction. 
b) In order to insure a radiation dose to the patient as small as pos
sible the sensitivity of the detector should be high. Some physiologi
cal criteria have to be added to these technical ones : 
-) The radioactive ligand injected intravenously has to cross the blood 
brain barrier freely in order to reach the receptor site. 
-) If displacement with cold material is going to be performed to vi
sualise the receptors, redistribution of the radioactive liçand has to 
be considered since it might be displaced from other tissues than the 
brain. 
Recently specific binding of benzodiazepines (diazepam and flunitraze-
pam) was demonstrated in the brain of animals in vitro (7). Accordingly, 
we attempted to determine if this binding could be observable in vivo. 



Fig. 1. Effect of a load of phenylalanine on the brain uptake of C-
methionine in man. Two pictures were obtained by positron emission tomo
graphy, 6 and 8 cm above the orbito meatal line before and after the 
load. 

Fig. 2^ Evolution of the C-methionine brain uptake of ten PKU child
ren under treatment according to age. Fach child was studied twice and 
the 2 measurements are identified by the same letter. 



•II.- f-'.et aboi ism of Psychoactive Pi ugs 

The study of the distribution and cerebral kinetics of psychoactive 
drugs may help in the understanding of their mode of action. 
The us? of positron emitters as labelling agent allows us here ÊISO 
to obtain a gamma emitting radioactive drug which will behave in the 
"ganisra in the same way as the stable one. After administration to 
patients, psychoactive drugs very often rapidly leave the vascular bed 
and are taken up by tissues (brain, lung, Ziver, kidney)where they are 
metabolised. The concentration of the drug in the blood may be very 
low and difficult to measure, and correlation with treatment efficien
cy might not be observed. Availability of the drug to its site of act
ion, or to the organ were these sites are supposed to be present, may 
be measured by positron emission tomography after administration of 
the positron-emitting labelled compound. 
Brain distribution of ohlorpromazine was studied for this purpose af
ter labelling it with carbon 11 on the methyl group present at the end 
of the side chain of the molecule. Specific activities as high as 500 
mCi/̂ unole were obtained, and hence injection of a test dose of 10 to 
20 mCi resulted in the injection of 20-40 nmoles of cold chlorpromazine, 
far below a therapeutic dose. (4) The typical pattern of the brain 
distribution of chlorpromazine is shown in figure 3, where 4 planes 
taken 2,4,6 and 8 cm above the orbito-meatal line are shown. 

Fig_. 3.' Brain distribution of C-Chlorpromazine as observed by posi
tron emission tomography-species 
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Flùnitrazepam was labelled with carbon 11 at a specific activity of 
500 to 800 Ci/mmole (8) and injected into baboons (papio papio). The 
distribution kinetics of the radiopharmaceutical were followed by po
sitron emission tomography. At a given time after the injection of the 
radioactive ligand, Lorazepam at micromolar concentration was injected 
in order to displace the radioactivity from the specific binding sites. 
This displacement is shown in the images of figure 4. 

tig. 4. Baboon's brain distribution at different times after i.v. 
Infection of 1 lC-Flunitrazcpam observed by positron emission tomogra
phy. Comparison of B2 (obtained 26 niin. after administration of a 
1.3 V-M/Kg load of lorazepam), with A2 (control) reveals a displace
ment of the radioactive ligand 

Lorazepam, another benzodiazepine, was unod for this displacement 
study because of its high affinity for the receptors (9). This expe
riment was conducted under conditions that could be reproduced in 
humans, thus providing the possibility of studying directly the me
chanism of action of drugs and evaluating specific brain receptor lo-
c<-il i r;at i on and density in various pathological situations. Analysis 



£>f .brains tissue samples taken after death has shown that dopamine 
receptors in the caudate nucleus were decreased in Parkinson disease 
and increased in schyzophrenia and that benzodiazepine receptors were 
either increased cr decreased according to the tissues studied in 
Huntington disease (6). Such observations "in vitro" have encouraged 
us to pursue the development of in vivo methods. 
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