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POSITRON EMISSION TOMOGRAPHY STUDIES IN THE NORMAL 

AND ABNORMAL AGEING OF HUMAN BRAIN 

D. COMAR & J.-C- BARON 

RESUME 

Jusqu'à récemment, l'étude des correlations neurophysiologiques 
entre le veillissement normal et anormal du cerveau humain était limitée 
par des contraintes d'ordre méthodologique. En effet, les technologies 
existantes ne fournissaient que quelques paramètres -comme par exemple 
les électroencéphalogrammes ou la circulation sanguine cérébrale-, observés 
dans les structures superficielles du cerveau, pauvres et très peu précis en 
ce qui concernait la région. Par la suite, plusieurs techniques non invasives 
furent développées, qui permettent l'étude in vivo, d'une façon à la fois 
quantitative et régionale, d'aspects importants du fonctionnement du cerveau, 
jusqu'alors réputés inaccessibles. Parmi ces techniques, outre la SPECT et 
la RMN, la Tomographic par émission de positons semble la méthode à la 
fois la plus puissante et la plus prometteuse, car elle permet la mesure JQ 
vivo de paramètres biochimiques et pharmacologiques. 
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INTRODUCTION 

Until recently, the investigation of the neurophysiological correlates of 
normal and abnormal ageing of the human brain was limited by methodological 
constraints, as the technics available provided only a few parameters (e.g. 
electroencephalograms, cerebral blood flow) monitored in superficial brain 
structures in a grossly regional and poorly quantitative way. Lately serveral 
non invasive techniques have been developed which allow to investigate in 
vivo both quantitatively and on local basis a number of previously inaccessible 
important aspects of brain function. Among these techniques, such as single 
photon emission tomography imaging of computerized electric events, nuclear 
magnetic resonance, positron emission tomography stands out as the most 
powerful and promising method since it allows the in vivo measurement of 
biochemical and pharmacological parameters. 

WHAT IS POSITRON EMISSION TOMOGRAPHY (PET)? 

Positron emission tomography is a research tool in clinical neuroscience 
since it provides non invasive quantitative in vivo autoradiography in humans 
(Phelps and Mazziotta, 1985). Hence, following intravenous or airborne 
administration of trace doses of a compound labeled with a positron-emitting 
radiopharmaceutical, images that quantitatively represent the distribution 
of the tracer in a cross section of the brain can be obtained. 

The detection device necessary to collect the photons is specific in that 
it makes use of the paired photons that result for positron annihilation to 
generate high resolution, quantitative tomographic cuts. 

Most of the radioisotopes used have a short half-life and need to be produced 
in a cyclotron situated in the hospital. Among those, oxygen 15 (T = 2 min), 
nitrogen 13 (T = 10 min), carbon 11 (T = 20 min) and fluorine 18 (T = 112 min) 
may be used to replace without modification natural constituants of biological 
matter. Furthermore, because of their short half-lives, they give rise to high 
specific radioactivity labeling (low mass for high radioactivity). This point 
is important when the metabolism of a toxic molecule or a pharmacologically 
active drug is to be studied (table I). 
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TABLE I 

f-MARACTERISTICS OF SOME SHORT-LIVED ISOTOPES 

1 - positron emitters 

2 - short half-life 

3 - chemical nature 
oxygen-15 
nitrogen-13 
carbon-11 
fluorine-18* 

quantitative tomographic imagine 

. high statistics 

. low radiation dose 

. low mass for a high radioactivity 

replace without modification natural 
constituants of biological matter 

Rapid radiochemistry techniques have been developed to label molecules 
of biological interest to measure flows and metabolisms (blood flow, oxygen, 
sugar, protein metabolisr:) and neurotransmitter systems (dopaminergic, 
cholinergic, serotoninergic, opiate, benzodiazepine) (Comar et al . , 1982). Table II 
gives some of these radiopharmaceuticals currently used in many PET centres. 

TABLE II 

SOME RADIOPHARMACEUTICALS FOR POSITRON EMISSION TOMOGRAPHY 

1 5 0 - w a t e r 

l^o-molecular oxygen 

^C-glucose 
* ^-methyl glucose 
11c or 1 8F-deoxygIucose 

^C-methionine 
11C -leucine 

1 1 C , ^ F , 75 B r-drugs 

Spiperone 

Ro 15 1788 

QNB 

Diprenorphine 

Setoperone 

blood flow 

oxygen metabolism 

sugar metabolism 

protein metabolism 

neurotransmitter, receptor systems 

dopaminergic 

benzodiazepine 

cholinergic 

opiate 

serotoninergic 

•••/• 
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- APPLICATIONS AND LIMITATIONS OF PET 

The classical autoradiographic approach can be applied to PET in order to 
study in vivo variables such as local cerebral glucose utilisation (using either 
Hc-2-deoxy-P-glucose or 1 8F-2-deoxy-D-glucose). blood perfusion (using 
H 2 1 5 0 , ^C-iodoantipyrine, etc.), intracellular pH (using ^ C - D M O ) , or blood 
volume (using n C 0 or C , 5 0 ) . In addition, the short half-life of 1 5 0 (2 min) 
led to the design of original, "dynamic steady-state" models to measure local 
cerebral blood flow and oxygen consumption (Jones et al., 1976). 

Neuropharmacology is another field of application of PET, due to the unique 
possibility of measuring the local concentrations of labeled drugs in brain tissue. 
This approach has been applied to drugs such as phenytoin and valproate, in 
order to study their pharmacokinetics in both normal and abnormal tissue (Baron 
et al., 1983). Labeled drugs have also been used as specific radioligands in 
order to study in vivo different central neurotransmitter receptors such as 
the dopamine, serotonin, benzodiazepine and opiate receptors (Baron and 
Maziere, 1986). Using appropriate ligands administered in trace amounts, 
one can demonstrate in vivo that they bind specifically to their brain receptors, 
showing a specific regional distribution of the tracer. For example, the 
neuroleptic high affinity antagonist ligand, spiperone, has been shown to 
accumulate more in the striatum than in the cerebellum. The dose-dependent 
inhibition or displacement of the ligand by an unlabeled competitor, the 
stereospecificity of this displacement and the saturability of the in vivo ligand 
accumulation itself, all correlate with the known pharmacological properties 
of the dopamine receptor. 

Another unique advantage of PET is to provide the time course of the tracer 
in any given region of the brain with a temporal resolution of less than one 
second. This is a considerable advantage over classical autoradiography, since 
it allows the actual local measurement of the rate constants of the 
radiopharmaceutical. Hence, a combination of PET and the Sokoloff method 
using labeled 2-deoxy-D-glucose to measure local cerebral glucose utilisation 
can be applied to pathological conditions such as cerebral ischaemia. The 
local tracer accumulation curve can be fitted to a three-compartment model 
in order to determine the actual rates of both transport across the blood-brain 
barrier and p'iosphorylation and, hence, the rate of local glucose utilisation 
(Huang et al., 1980, Baron and al . , 1984). This interpretation assumes a constant 
relationship between the behaviour of glucose and that of the glucose analogue. 
Recent developments have shown that this relationship, the so-called "lumped 
constant", can be measured regionally by PET using an additional study with 
1 ^-methyl-glucose (Cjedde et al., 1985). A different approach to the 
measurement with PET of glucose utilisation uses the regional cerebral kinetics 
of intravenously administered 1 1 C-D-glucose (Raichle et al., 1977), a method 
which avoids the problem of the "lumped constant" but which is subject to 
errors due to the rapid metabolism of labeled glucose in brain, blood and 
peripheral organs. 

The kinetic approach has also been applied to the essential amino acids 
L-methionine and L-leucine, both labeled with n C (Bustany et al., 1981; Phelps 
et al., 1984). These authors demonstrated that in baboons the behaviour of 
1 1 C-L-methionine in brain could be accurately described by a 
three-compartment model including plasma, a free-methionine pool In tissue 
(essentially de novo protein incorporation), while other possible fates of the 
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tracer (e.g. démethylation, transmethylation) were negligible (Bustany and 
Comar, 1985). Since the breakdown of proteins in brain is a slow process relative 
to the duration of the study (*»• 45 min), the return of protein-incorporated 
11C-L-methionine back to the free pool can be neglected and the model 
simplified to a three rate-constant situation similar to that of the 
2-deoxyglucose Sokoloff paradigm. Accordingly, ^C-L-methionine has been 
used to infer the rate of local protein synthesis in human brain in vivo (Bustany 
and Comar, 1985). 

The brain kinetics of radioligands can be used to estimate quantitative 
parameters of specific binding to brain receptors in vivo, although there is 
as yet no general model that describes faithfully each particular 
radioligand-receptor interaction (Mintun et al., 1984; Syrota et al . , 1984; 
Baron and Mazière, 1986). In addition, these models are limited in that they 
are not designed to provide both the affinity constant (K d ) and the receptor 
density ( B m a x ) . The interpretation of in vivo clinical PET studies of radioligands 
has so far relied on semi-quantitative indexes of specific binding. Thus, for 
example, the striatum/cerebellum radioactive concentration ratio has been 
used to assess dopaminergic receptor function in the striatum using labeled 
spiperone derivatives (Wong et al., 1984; Baron et al. , 1985; Mazière et al., 
1985). The validity, under certain conditions, of this index has, however, been 
amply demonstrated (Wong et al., 1984). 

Another promising application of PET has been developed over the last eight 
years at McMaster University (Canada), where the function of the presynaptic 
dopamine terminals has been studied using 1 8 F-labeled 6-fluoro-L-DOPA 
(Carnett et al., 1983). Through elegant experimental validation studies, these 
authors were able to demonstrate that this compound behaves as an L-DOPA 
analogue, undergoing specific re-uptake at dopamine terminals in brain tissue 
(a process that results in its accumulation in the striatum and, to a lesser extent, 
in the frontal cortex). On the other hand, this compound is much less subject 
to further metabolism than L-DOPA, and is therefore suitable for the study 
of the regional brain kinetics of dopaminergic processes in vivo. 

The limitations of PET should, however, be emphasized. As said earlier, 
most positron emitters require for their production the availability of a medical 
cyclotron in the hospital very close to the positron tomograph. In addition, 
labeling methods are sometimes difficult to develop, and many pharmaceutical 
compounds cannot, as yet, be labeled. Finally, the need for appropriate spatial 
and temporal data sampling has led to the development of sophisticated, 
high-cost positron cameras. To run such equipment, and to analyse the data 
correctly requires a large team of highly trained people. These considerations 
help explain why PET centres are so few, why they drain a large amount of 
public funds, and why they have been restricted so far to clinical research 
applications. It therefore follows that the research protocols need be very 
rigorous and methodologically sound in order to optimise the cost-benefit 
ratio of PET. 

PET IN NORMAL ACEiNC AND DEMENTIA 

The potential of the above applications of PET, summarized in table III, 
to the In vivo study of ageing of the brain in humans are obvious, since a better 
understanding of the regional functional correlates of ageing are at hand, as 
well as a means to perform longitudinal studies and to quantitate the effect 
of therapy. 

•••/••• 
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TABLE III 

INVESTIGATION OF DEMENTIA WITH PET 

Oxygen consumption neuronal function and reactivity 
Glucose utilisation to cognitive stimulation 

Perfusion vascular factors 

neurotransmission systems Precursors 
Specific receptors 

Protein synthesis degeneration and repair mecanisms 
(plasticity) 

Several reports have appeared that suggested that normal ageing is associated 
with a small but significant reduction in overall brain oxygen consumption 
(Frackowiak et al., 1980; Pantano et al . , T984) and glucose utilisation (Kuhl 
et al., 1982), while other reports, sometime*» from the same laboratories, claim 
no significant change in these parameters (Frackowiak et al;, 1983; Duara 
et al., 1983, 1984; Hawkins et al., 1983; De Leon et al., 1984). These 
descrepancies illustrate differences in selection criteria for normality and 
are consistent with previous findings using the Kety-Schmidt technique (Smith, 
1984; Pantano et al., 1984), indicating that very healthy aged people may 
-through hypothetic compensatory mecanisms- maintain normal cerebral 
metabolic rate despite neuronal loss while more "normal" ageing entails a 
small reduction in cerebral metabolism. Differences in environmental set-up 
during study may also account, in part, for these discrepancies, as age-related 
visual and auditory declines have been shown to affect brain metabolic activity 
(Smith, 1984). The symmetrical metabolic reductions of normal ageing 
preferentially affect the prefrontal, perisylvian and parieto-occipital cortex 
(Pantano et al., 1984; Kuhl et al., 1982; Chawluck et al., 1985). Data concerning 
white matter indicate a decrease in glucose utilisation but a preservation of 
oxygen consumption, suggesting possible alterations in the oxidative 
phosphorylation process of glial cells with ageing. 

More than 15 PET studies of cerebral metabolic rate in Alzheimer's type 
dementia (DAT) have now appeared. Despite some variability in patient inclusion 
criteria and in PET methodology, they all concur in showing a decreased overall 
brain metabolism of both oxygen and glucose that is correlated with the severity 
of dementia, although early forms of DAT may be spared (Frackowiak et 
al., 1981; Foster et al. , 1983, 1984; De Leon et al., 1983; Benson et al., 1983; 
Friedland et al., 1983, 1985; Chase et al., 1934; Haxby et al., 1985; Alavi 
and De Leon, 1985; Kuhl et al., 1985; Chawluck et al., 1985, Cutler et al., 
1985a,b). These studies have also disclosed that this metabolic impairment 
preferentially affects the parieto-temporo-occipital cortex with relative 
preservation of the primary visual and sensory motor cortex, prefrontal cortex, 
anterior cingulum, basal ganglia, thalamus and cerebellum. Due to inadequate 
spatial resolution, there is little information of the medial-temporal cortex 
and hippocampus. A final important aspect of DAT has been the significant 
prevalence of right-left metabolic asymmetry, particularly affecting the 
parieto-temporo-occipital cortex. Satistically significant clinical correlations 
have been demonstrated between these focal metabolic impairments (Foster, 
1983, 1984; Chase, 1984; Haxby, 1985), indicating an association between left 

• • • / ' 



- 6 -

parieto^temporal metabolism and verbal tasks on the other hand. Patients 
with predominant memory impairment show symmetrically depressed cortical 
metabolic rate. The parietal/cerebellum metabolism ratio has emerged as 
the index best correlated with severity of dementia (Kuhl et al., 1985). However, 
precise correlations between the severity of the specific intellectual alterations 
and the focal metabolic impairment are lacking, although Cutler et a l . (1985) 
recently reported interesting temporal dissociations. 

The measured regional metabolic rate essentially reflects the density of 
synaptic contacts and their functional activity and much less the other energetic 
expenditures of neurons and those of glial cells. The regional metabolic 
histological alterations, suggesting that its basis are more structural than 
actually functional and hence possibly indicating irreversibility. The ability 
of PET to show histopathology in vivo remains however of great interest but 
needs a definitive confirmation. 

However, the recent demonstration of a prefrontal cortex hypometabolism 
in the "subcortical dementia" of progressive supranuclear palsy (D'Antona 
et al., 1985) has stimulated interest, because it indicates that purely subcortical 
degenerative lesions may, as a result of deafferentation, cause both distant 
cortical metabolic dysfunction and intellectual impairment. This observation 
is consistent with both the neuropsychological and the cortical metabolic effects 
of lesions located either in the thalamus or in the subcortical cholinergic systems 
(Baron et al., 1986; London et al., 1984). In addition, stereotaxic 
electrocoagulation of the nucleus basal is of Meynert in the baboon revealed 
a marked metabolic depression of the ipsilateral cerebral cortex (Kiyosawa 
et al., 1987). 

Since subcortical neuronal lesions are thought to play a major role in the 
development of the dementias of DAT, Parkinson's disease (PD) and Hutington's 
chorea, these observations are of some importance. Although there is a striking 
similarity in the pattern of metabolic alterations in PD dementia and DAT 
(Kuhl et al., 1985), a marked bifrontal hypometabolism has occasionaly been 
reported in advanced cases of DAT (Fackowiak et al. 1981; Benson et al . , 1983). 
Hence, an in vivo approach to the cortical and subcortical features in the various 
clinical subgroups of dementia may be at hand. 

There is only one brief report of a ^C-L-methionine PET study of DAT 
patients (Bustany and Comar, 1985). These preliminary findings suggest that 
early DAT is already reflected in 20 % decrease in protein synthesis rate in 
the cerebral cortex, while more advanced cases show up to 75 % decrease, 
particularly in parieto-temoral ar.d/or frontal cortex. Hence the cortical 
protein synthesis rate may well be a very sensitive parameter in DAT, perhaps 
altered much earlier than glucose utilisation, in line with the hypothesis that 
DAT is primarily a disease of nucleic acids (Mann, 1982). 

As yet, no PET studies of central ieceptors in DAT have appeared. It must 
be stressed that no reliable PET method has yet been developed to investigate 
the muscarinic receptors in the cerebral cortex. Using both 
1 1 C-methy I-spiperone and 7 6Br-bromospiperone, a highly significant loss 
of striatal dopaminergic receptors has been demonstrated in norma! ageing 
(Wong et al., 1984; Baron et al. , 1986). These studies not only confirm iD_yJY£ 
the results obtained post-mortem but also serve to illustrate the reliability 
and the sensitivity of these PET methods. Furthermore, a highly significant 
loss of 7 6Br-bromospiperone binding sites in the striatum of 7 patients with 

/... 
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PSP has been demonstrated in vivo (Baron et al . . 1986). providing an explanation 
for the lack of benefit f r om L-DOPA and DA agonists in this condition despite 
reduced nigro-str iatal dopaminergic function. Such methods wil l be important 
for our better understanding of the effects o f normal ageing on the dopaminergic 
systems, particularly i f coupled to the 1 8 F- f I uo ro -DOPA method (Leenders 
e t a l . . 1984). 

CONCLUSION 

Positron emission tomography demonstrates "correlations between brain 
metabolism and clinical symptoms of dementia: 

- I -

The magnitude o f the decrease in whole brain oxygen 
and glucose consumption, which preferential ly affects 
the parieto-temporo occipital cortex, correlates with 
the severity o f dementia in Alzheimer's disease. 

- I I -

In senile dementia o f Alzheimer's type, an association 
has been demonstrated between: 

- decrease in r ight parieto-temporal metabolism and 
impairment in visuo-spatial tasks, 

or 
- decrease in left parieto-temoral metabolism and 
impairment in verbal tasks. 

- I l l -

Prefrontal cortex hypometabolism in the "subcortical 
dementia" of progressive supranuclear palsy indicates 
that subcortical degenerative lesions cause distant 
cort ical metabolic dysfunction and intellectual 
impairment. 

- I V -

Stereotaxic electrocoagulation o f the nucleus basalis 
of Meynert in the baboon results in a marked metabolic 
depression of the ipsilateral cerebral cortex. 

Since 1) the nucleus basalis of Meynert is the major 
source of cholinergic input to the cortex and 2) this 
systems influences behaviour and is involved in several 
demential processes, this animal model may be interesting 
for better understanding and treatment o f dementia 
in humans. 

«•*/< 



«MtBMll 

- a -

REFERENCES 

Alavi, A. S De Leon. M.J. (19t5) 
Studies of the brain i.i ageing and dementia wi th positron emission tomography 
and X-ray computed tomography. 
In Reivich, M. S Alav i , A . (eds). POSITRON EMISSION TOMOGRAPHY. 
A.R. Liss. New York, 273-90 

Baron, J . - C , d'Antona, R^ Pantano, P., Serdaru. ML, Samson, Y „ Bousser, 
M.-C. (19t6g) 
Effects of thalamic stroke on energy metabolism of the cerebral cortex. 
BRAIN 109:1243-1259 

Baron, J . - C , S Mazière, B. (1986) 
Positron emission tomography studies o f central receptors in humans. 
In Bat t is t in , L. (éd.), PET AND NMR: NEUROCHEMISTRY IN VIVO. A.R. Liss, 
New York (in press). 

Baron, J . - C , Mazière, B., Loc*h, C , Sgouropoulos, P., Bonnet, Ar -M. and 
Agid, Y.(198S) 
Progressive supranuclear palsy: Loss c f str iatal dopamine receptors 
demonstrated in vivo by positron tomography. 
LANCET i , 1163-4 

Baron, J . - C , Roeda, D., Munari, C , Crouzel, C , Chodkiewizc, J.P. and 
Comar, D. (1983) 
Brain regional pharmacokinetics of ^C - l abe led diphenyl hydantoin: Positron 
emission tomography in humans. 
NEUROLOGY (Cleveland),ZL 580-5 

Baron, J . - C , Rougemont, D., Soussaline, F., Bustany, P., Crouzel, C , Bousser, 
M.-G. and Comar, D. (1984) 
Local interrelationships of cerebral oxygen consumption and glucose uti l isat ion 
in normal subjects and in ischemic stroke patients: A positron tomography 
study. 
J. CEREB. BLOOD FLOW METAB. ,4 , 140-9 

Benson, D.F., Kuhl, D.E., Hawkins, R*A., Phelps, M.E., Cummings, J.L. and 
Tsai, S. (1983) 
The fluorodeoxyglucose 1 8 F scan in Alzheimer's disease and mul t i - in fa rc t 
dementia. 
ARCH. NEUROL. (Chicago). 40. 711-14 

Bustany, P., and Comar, D. (1985) 
Protein synthesis evaluation in the brain and other organs in humans by PET. 
In Reivich, M. and Alav i . A. (eds), POSITRON EMISSION TOMOGRAPHY. 
A.R. Liss, New York, 183-201, 

Bustany, P., Sargent, T., Soudubray, J.A., Henry, J.-F. and Comar D. (1981) 
Regional human brain uptake and protein incorporation or l 1 C-meth ion ine 
studies in vivo with PET. 
J. CEREB. BLOOD FLOW M E T A B . , X Suppl. 1, 517-18 

Chase, T.N., Fadlo, P., Foster, N.l_, Brooks, R., Oi Chiro, C. and Mansi, L. 
(1984) 
Wechsler adult intelligence scale performance. 
ARCH. NEUROL (Chicago),ML 1244-7 

•••/••• 



Chawluk, J . , Alavi, A^ Hartig. H „ et a l . (1915) 
Altered patterns of regional cerebral glucose metabolism in ageing and dementia. 
J. CEREB. BLOOD FLOW METABOL, ! , 5121-2 

Comar, D„ Berridge, M., Mazière, B. and Crouzel, C. (1982) 
Radiopharmaceuticals labeled with positron emitting radioisotopes. 
In EH, P.J. (éd.), EMISSION COMPUTED TOMOGRAPHY. Oxford University 
Press, Oxford, 42-90. 

Cutler, N.R„ Hasby, J.V., Duara, R., et al . (1985) 
Clinical history, brain metabolism and neuropsychological function in Alzheimer's 
disease. 
ANN. NEUROL. J L 298-309 

Cutler. N.R.. Hasby, J.V„ Duara, R.. et a l . (1985b) 
Brain metabolism as measured by positron emission tomography. 
NEUROLOGY, J L 1556-1561. 

D'Antona, R., Baron, J . - C , Samson, Y., Serdaru, M., Viader, !-., Agid, Y. and 
Cambier, J . (1985) 
Subcortical dementia: Frontal cortex hypometabolism detected by positron 
tomography in patients with progressive supranuclear palsy. 
BRAIN. 108. 785-99 

Duara, R., Margolin, R.A„ Robertson-Chabo, E«A., et a l . (1983) 
Cerebral glucose utilisation as measured with positron emission tomography 
in 21 resting healthy men between the ages of 21 and 83 years. 
BRAIN, JUi , 761-75 

Foster, N.l—, Chase, T.N., Fedio, P., Patronas, N.J., Brooks, R.A., and 
Di Chiro, G. (1984) 
Alzheimer's disease: Focal cortical changes shown by positron emission 
tomography. 
NEUROLOGY (Cleveland),_3j, 961-5 

Foster, N.L., Chase, T.N., Mansi, L-, Brooks, R., Fedio, P., Patronas, N.J. 
and Di Chiro, G. (1984) 
Cortical abnormalities in Alzheimer's disease. 
ANN. NEUROL, J & 649-54 

Frackowiak, R.S.J., and Gibbs, J .M. (1983) 
The pathohysiology of Alzheimer's di«zase studies with positron emission 
tomography. 
In BIOLOGICAL ASPECTS OF ALZHEIMER'S DISEASE, Cold Spring Harbor, 
Banbury Report. 15. 317-27 

Frackowiak, R.S.J., Lenzi, G . l - , Jones, T. and Heather, J.D. (1980) 
Quantitative measurement of regional cerebral blood flow and oxygen 
metabolism in man, using 1 5 0 and positron emission tomography: Theory, 
procedure and normal values. 
J. COMPUT. ASSIST. TOMOGR.JL 727-36 

Frackowiak, R.S.J., Pozzilli, C , Legg, N.J., Du Boulay, G.H., Marshall, J., 
Lenzi, C.L., and Jones, T. (1981) 
Regional cerbral oxygen supply and usilisation in dementia: A clinical and 
physiological study with oxygen-15 and positron tomography. 
BRAIN, JOJL 753-78 

«••/••• 



fiMMB 
- 1 0 -

Friedland, R.P„ Budinger. T.F., Koss, E„ and Oder. B~A. (1985) 
Alzheimer's disease: Anterior-posterior and lateral hemispheric alteration 
in cortial glucose utilisation. 
NEUROSCI. L E T T . . i l 235-A0 

Friedland, R.P., Budinger, T .F„ Ganz, E., Yano, Y.» Mathis, C A ^ Koss. B„ 
Ober. B.A., Juesman, R.H.. and Derenzy, S.E. (1983a) 
Regional cerebral metabolic alterations in dementia of Alzheimer type: Positron 
emission tomography with ^F-fluorodeoxyglucose. 
J. COMPUT. ASSIST. TOMOGR..L 590-8 

Gamett, E.S^ Firnau, G.. and Nahmias, C. (1983) 
Dopamine visualized in the basal galgiia of living man. 
NATURE, Jf lL 137 

Gjedde, A., Wienhard, K, Heiss, W.D.. Kloster, G., Diemer, N.H., Herholz. K., 
and Pwlik, G. (1985) 
Comparative regional analysis of 2-fIuorodeoxyglucose and methylglucose 
of the uptake in brain of four stroke patients with special reference to the 
regional estimation of the lumped constant. 
J. CEREB. BLOOD FLOW METABOL., i , 163-78 

Hawkins. R.A^ Mazziotta, J.C.. Phelps, M.E., et al . (1983a) 
Cerebral glucose metabolism as a function of age in man: Influence of the 
rate constants in the fluorodeoxyglucose technique. 
J. CEREB. BLOOD FLOW METABOL.. J , 250-3 

Haxby, J.V.. Duara, R., Grady, C.L., Cutler, N.R., and Rapoport, S.I. (1985) 
Relations between neuropsychological and cerebral metabolic asymmetries 
in early Alzheimer's disease. 
J. CEREB. BLOOD FLOW METABOL., _L 193-200 

Huang, S.C., Phelps, M.E., Hoffman, E.J., Sideris, K., Selin, C.J., and Kuhl, D.E. 
(1980) 
Noninvasive determination of local cerebral metabolic rate of glucose in man. 
AMERICAN J. PHYSIOL.2M, 69-82 

Jones, T., Chester, D.A., and Ter-Pogossian, M.M. (1976) 
The continuous inhalation of oxygen-15 for assessing regional oxygen extraction 
in the brain of man. 
BRIT. J. RADIOL., 12, 339-43 

Kuhl, D.E., Metter, F.J., Riege, W.H., and Phelps, M.F. (1982a) 
Effects of human ageing on patterns of local cerebral glucose utilisation 
determined by the 1 8F-fluorodeoxyglucose method. 
J. CEREB. BLOOD FLOW M E T A B O L . , i , 163-71 

Kuhl, D.E., Metter, E.J., Benson, F., Wesson-Ashford, J . , Riege, W.H., 
Fujikawa, D.G., Markham, C.H„ et a l . (1985) 
Similarities of cerebral glucose metabolism in Alzheimer's disease and 
Parkinsonian dementia. 
J. CEREB. BLOOD FLOW M E T A B O L . , i Suppl. 1 , 169-70 

K.yosawa, M., Pappata, S., Duverger, 0 . , Richer, D., Cambon, H., Mazoyer, B., 
Samson, Y., Crouzel, C , Naquet, R., MacKenzie, E., and Baron, J . - C , (1987) 
Cortical hypometabolism and its recovery following nucleus basalis lesions 
in baboons: A PET study» 
J. CEREB. BLOOD FLOW METABOL. (in press) 

•*•/ ••• 



- 1 1 -

Leendecs. K.L , Herald, S., Brooks. D.J., et a l . (19M) 
Presynaptic and post-synaptic dopaminergic systems in human brain. 
LANCET ii , 110-111 

De Leon, M.F., Ferris, S.H„ George, A£„ Reisberg, C , Christman, D.R.. 
Kricheff, &£ . and Wolf. A.P. (1983) 
Computed tomography and positron emission transaxial tomography evaluations 
of normal ageing and Alzheimer's disease. 
J. CEREB. BLOOD FLOW METABOL.. J , 391-4 

Oe Leon, M.J., George, A.F., Ferris, S.H., et a l . (19S4) 
Positron emission tomography and computed tomography assessments of the 
ageing human brain. 
J. COMPUT. ASSIST. TOMOGR., JL 88-94 

London, E.D., McKinney, M * Dam, M., Ellis, A., and Coyle, J.T. (1984) 
Decreased cortical glucose utilisation after ibotenate lesions of the rat 
ventromedial globus pallidus. 
J. CEREB. BLOOD FLOW METABOL., JL 381-90 

Maim, D.M.A. (1982) 
Nerve cell protein metabolism and degenerative disease. 
NEUROPATH. APPL. NEUROBIOL.,1, 161-76 

Mazière, B., Loc*h> C , Baron, J. -C, Sgouropoulos, P., D'Antona, R., and 
Cambon, H. (198S) 
In vivo quantitative imaging of dopamine receptors in human brain using positron 
emission tomography and ^Br-Bromospiperone. 
EUR. J. P H A R M A C O L . , I B , 267-72 

Mintun, M.A., Raichle, M.F„ Kilbourn, M.R., Wooten, G.F., and Welch, M.J. 
(1984) 
A quantitative model for the in vivo assessment of drug binding sites with 
positron emission tomography. 
ANN. NEUROL., 1 5 , 217-27 

Pantano, P., Baron, J . - C , Lebrun-Grandié, P., Duqoesnoy, N., Bousser, M.-G., 
and Comar, D. (1984) 
Regional cerebral blood flow and oxgen consumption in human ageing. 
STROKE, J i , 635-41 

Phelps, M.F., Barrio, J.R., Huang, S.C., Keen, R.F., Chugani, H., and 
Mazziotta, J.C. (1984) 
Criteria for the tracer kinetic measurement of cerebral protein synthesis in 
humans with positron emission tomography. 
ANN. N E U R O L . , J i 192-202 

Phelps, M.F., and Mazziotta, J.C. (1985) 
Positron emission tomography: Human brain function and biochemistry. 
SCIENCE, J2JJL 799-809 

Raichle, M.F„ Welch, M.J., Grubb, R.L., Higgins, C.S., and Larson, K.B. (1977) 
Measurement of regional substrate utilisation rate by emission tomography. 
SCIENCE, 122, 986-7 

Smith, C.B. (1984) 
Ageing and changes in cerebral energy metabolism. 
TRENDS NEUROSCI., 203-8 

•••/••• 



- 1 2 -

Syrota; A., Paillotin. G., Davy, JML. and Aumont. M.C. ( ISM) 
Kinetics of in vivo binding of antagonists to muscarinic cholinergic receptor 
in the human heart studied by positron emission tomography. 
LIFE SCIENCES. j £ , 837-45 

Wong, D.F„ Wagner, H.N.. Damais, R.F., et al. (19M) 
Effects of age on dopamine and serotonin receptors measured by positron 
tomography in the l iving human brain. 
SCIENCE,.Z2fi, 1393-6 



^ 

POSITRON EMISSION TOMOGRAPHY STUDIES IN THE NORMAL 

AND ABNORMAL AGEING OF HUMAN BRAIN 

Dominique COMAR & Jean-Claude BARON 

SUMMARY 

Unti l recently, the investigation of the neurophysiologicai correlates o f 
normal and abnormal ageing o f the human brain was l imi ted by methodological 
constraints, as the technics available provided only a few parameters (e.g. 
electroencephalograms, cerebral blood f low) monitored in superficial brain 
structures in a grossly regional and poorly quant i tat ive way. Lately serveral 
non invasive techniques have been developed which allow to investigate in 
vivo both quant i tat ively and on local basis a number o f previously inaccessible 
important aspects of brain funct ion. Among these techniques, such as single 
photon emission tomography imaging of computerized electr ic events, nuclear 
magnetic resonance, positron emission tomography stands out as the most 
powerful and promising method since i t allows the in vivo measurement o f 
biochemical and pharmacological parameters. 
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