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Abstract. This paper describes the methodology and the first results of a method of mea-
surement of the cerebral metabolic rate of glucose, using ''C-glucose and regional detection by
probes. The present method has the advantages of being rapidly repeatable and of yielding a
determination of the rates of transfer of glucose across the blood-brain barrier.

Introduction

The measurement of the regional cerebral
blood flow with diffusible inert gases or non-
diffusible tracers brought the hope of many
potentials of progress in the understanding of
cerebral circulation and function in man.
Theses approaches nevertheless encounter
several limitations, particularly in the inter-
pretation of physiopathological phenomena —
such as the luxury perfusion syndrome — and
in the implementation of useful clinical ap-
plications.

The difficulty results mainly from the lack
of non-invasive and reliable methods for the
study of the cerebral metabolism in man.

The nervous and glial cells are restricted
almost exclusively to glucose as the substrate
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for their energy metabolism. The measure-
ment of the rate of cerebral uptake of glucose
appears therefore as a valuable approach to
the study of the energy supply and utilization
in the various regions of the brain.

Method

Glucose randomly labeled with carbon-11 is pre-
pared in our laboratory by photosynthesis, using
Chlorella algae rather than green leaves [1]. This orig-
inal method of labeling has the advantage of yielding
very high and reliable levels of activity of ''C-d-glu-
cose.

Afier radiochemical and radiopharmaceutical con-
trols, 7 mCi of "C-d-glucose are injected intrave-
nously. The regional transfer functions in the brain are
detected and registered during the 3 min following the
injection, by means of a multiprobe device with
shields and collimators allowing the simultaneous
study of up to 26 distinct cerebral area.
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Tabie L. The main parameiers mlmg the transport and wutilization of glucose in the brain computed with the

1C-glucose method IR

G - cerebral metabolic raté of glicose

ds, forward flox of giicose through the BEB
b reverse fhix of glucose throuigh the BBB
QW= intravaséular frée glucose mass

QW extravascular free gliicose mass

Cyv/C,

brain-to-blood concentration ratio

26.2 umol glucose [100 g tissue] ! min !
87.2 umol glucose [100 g tissue]~! min~!
61.0 wmol glacose [100 g tissue]~! min~!
21.2 umol ghucose [100 g tissue] —*
132.0 umol glucose [100 g tissue] ~}
0.529

Values obtained in a normal subjeét are displayed. BBE = Blood-brain barrier.

The model of interpretation of thie data and their
numerical analysis are based on the previous experi-
ments performed on monkeys by Raichle et al. [2,
3. .

The unlabeled and labeled glucose are considered
io be distributed through four subsysiems, in each
detected area of head: subsystem 1, the intravascular
inexchangeable glucose in the arteries and veins; sub-
system 2, the intravascular exchangeable glucose in
the capillaries; subsystem 3, the extravascular unme-
tabolized glucose; subsystem 4, the metabolites of glu-
COSE.

Three main assumptions are at the basis of the
mathematical formulation of the model.

(1) The transport and metabolism of labeled glu-
cose are assumed to be ruled by the same dynamic
constants as the substrate under study. In the present
methed, this assumption is valid, because of the hio-
chemical 1dentity between the tracer and the traced
compound.

(2} The flow rate and concentrations of glucose
through the system are assumed to be in a steady state
during the time interval (3 min) of measurements.

{3) The outflow of "C-labeled metabolites of glu-
cose is assumed to be negligeable between the injection
time and the end of detection of the transfer function
of glucose in the head. This point has been controlled
and validated by Raichle et al. [2, 3].

The mathematical development of the modet
yields an equation with three parameters and 1wo vari-
ables:

Thy (1)~ g (T}

o N J'Z) reg(t)de - af i f; e Flryg (fdt

The three parameters are as follows: y is the ratio
between the net flux of glucose to the tissues and the
intravascular mass of glucose; a is the ratio between
forward and reverse fluxes of glucose through the
blood-brain barrier, and x is the sum of the transport
constants of glucose out of compartment 3.

The formula contains also two time-dependent
variables: Tpg is the value of the transfer function of
labeled glucose through the detection field, and 1y is
the corresponding value in the intravascular cempart-
ment.

The values of the variable ry, are not measured
directly but are computed from a second set of data.
obtained after intravenous injection of *CO-tagged
red blood cells.

The detection data oblained with the head probes
and with an additional probe detecting the activity in
an arterial catheter, after injection of UC-glucose and
of UCO-erythrocytes, allow us 10 compute the function
rvg. with the aid of a convolution-decenvolution pro-
cedure.

Resalts

The results are displayed 1 two ways:
(1yas an analytical display of the transfer
functions of 'C through the intravascular
glucose, extravascular glucose and glucose
metabolites compartments, and (2) as a table
of derived parameters, particularly, the cere-
bral metabolic rate of glucose, and the pa-
rameters ruling the transport of glucose
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through the blood-brain barrier, namely the
glucose tissular concentration and space of
diffusion and, also, the forward and reverse
fluxes of glucose through the barrier (ta-
ble I).

The results, obtained in the normal hu-
man at rest, are consistent with the values
computed for the whole normal brain from
the data obtained by Reivich et al. [4] using
BF-fluorodeoxyglucose as a tracer.

Conclusion

These results are preliminary, but even
now the attractiveness of the present method
lies in 1ts applicability to human studies, in
its repeatability, in its potentiality for re-
gional studies and, finally, in the possibility
of assessing not only the uptake rate of glu-
cose, but also the transport of this substrate
through the blood-brain barrier. It appears to
us that the possible alterations of this trans-
port are not to be overlooked, especially in
pathological cases and in pharmacological
studies, and that the present method brings a
valuable tool for research in the metabolism
of the brain.
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