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A commentary on

Stimulus-induced changes in blood fl ow 
and 2-deoxyglucose uptake dissociate in 
ipsilateral somatosensory cortex.
by Devor A., Hillman, E.M., Tian, P., Waeber, C., 
Teng, I.C., Ruvinskaya, L., Shalinsky, M.H., 
Zhu, H., Haslinger, R.H., Narayanan, S.N., 
Ulbert, I., Dunn, A.K., Lo, E.H., Rosen, B.R., 
Dale, A.M., Kleinfeld, D., and Boas, D.A. 
(2008). J. Neurosci. 28, 14347–14357.

Brain metabolism dictates the polarity of 
astrocyte control over arterioles
by Gordon, G.R.C., Choi, H.B., Rungta, R.L., 
Ellis-Davies, G.C.R., and MacVicar, B.A. 
(2008). Nature 456, 745–750.

Anticipatory haemodynamic signals in 
sensory cortex not predicted by local neu-
ronal activity
by Sirotin, Y.B., and Das, A. (2009). Nature, 
457, 475–479.

No one with common sense would believe 
that in a house, water movements in 
pipes could tell you how many lamps are 
on and how much fuel is used for heat-
ing. Surprisingly most neuroscientists are 
convinced that in the brain monitoring 
local cerebral blood fl ow (CBF) what I call 
plumbing, is a reliable surrogate method 
to localize electrical neuronal activity and 
monitor metabolic events. This is usually 
done by functional magnetic resonance 
imaging (fMRI) a technique that meas-
ures haemodynamic changes. In fMRI, 
the blood-oxygen-level-dependent (BOLD) 
signal resulting from the paramagnetic 
properties of deoxyhaemoglobin in red 
blood cells is measured with precise local 
and time resolution. In most neuroimaging 
fMRI studies, activation of the brain with 
cognitive tasks or sensory stimuli results 
in a local functional hyperaemia, most of 
the time accompanied by an increase in 
the local fi eld potentials (LFP) (Logothetis, 
2008). How activation of the brain trans-
mutes in functional hyperaemia is the topic 

of intense debate among neuroscientists 
with two hypothesis, the “metabolic” and 
the “neurogenic” (Estrada and DeFelipe, 
1998; Hamel, 2006).

The metabolic hypothesis assumes a 
causal link between neuronal energy demand 
and the regulation of local CBF. The general 
assumption, which is supported by PET 
fi ndings showing comparable functional 
increases in blood fl ow and glucose uptake 
(Raichle and Mintun, 2006), is that CBF is 
coupled to regional glucose utilization, which 
in turn is directly related to neuronal activ-
ity (Magistretti, 2006). Excitatory neuronal 
activity releases glutamate which activates 
glia through metabotropic glutamate recep-
tors. The activation of glial cells will induce 
at the same time an increase in the diameter 
of nearby blood vessels and stimulation of 
glucose uptake. In this metabolic hypothesis, 
the activity- dependent regulation of local 
CBF is a feedback mechanism that does not 
anticipate possible demand.

The metabolic hypothesis was supported 
by the original observation by Zonta et al. 
(2003) that astrocytic endfeet surrounding 
brain blood vessels were releasing vasodi-
lating substances; since then other observa-
tions have shown that astrocytes could also 
provoke vasoconstrictions. These opposite 
observations were confi rmed: activation 
of astrocytes triggers the formation of ara-
chidonic acid that is either converted to 
20-hydroxyeicosatetraenoic acid (20-HETE) 
in smooth muscle causing vasocontrac-
tion or to prostaglandin E

2
 (PGE

2
) caus-

ing vasodilation. These intriguing fi ndings 
are now explained in an elegant paper of 
MacVicar’s group where they demonstrate 
that in slices, the fi nal fate of arachidonic 
acid is guided to the vasodilator PGE

2
 if 

oxygen levels are low and to vasoconstrictor 
20-HETE if oxygen levels are high (Gordon 
et al., 2008).

The importance given to p
O2

 by this work 
on astrocytes in brain slices is puzzling. It 
is known since the 1986 work of Fox and 
Raichle (1986) that the increase in CBF 
induced by brain activation is not correlated 

with O
2
 metabolism; indeed when neuro-

nal activity increases locally in the brain, 
regional blood fl ow increases more than 
oxygen consumption. Changing experimen-
tally pO

2
 does not affect regional increase in 

CBF during brain activation. Mintun et al. 
(2001) demonstrated in human volunteers 
that the regional increase in CBF during vis-
ual activation was not affected by hypoxia. 
More recently Leithner et al. (2005) have 
shown that in the rat, hyperbaric hyperoxy-
genation did not affect the regional increase 
of CBF induced by functional activation. 
Anyway relevant or not to the physiologi-
cal control of CBF, the work of MacVicar’s 
group has resolved the apparent opposite 
effect observed in slices after the activation 
of astrocytes.

In contrast with the metabolic feed-
back hypothesis, the neurogenic hypoth-
esis (Estrada and DeFelipe, 1998; Hamel, 
2006) describes a feedforward mechanism 
where the hyperaemia evoked by cerebral 
activation is linked to synaptic signalling 
rather than to the metabolic needs of the 
tissue. The neurogenic hypothesis was high-
lighted recently by Sirotin and Das (2009) 
who have found a large haemodynamic sig-
nal that could deliver arterial blood to the 
sensory cortex in anticipation of an increase 
of local neuronal activity. In short plumbing 
could precede wiring.

In alert behaving monkeys, Sirotin and 
Das have developed a task that minimized 
visual input while preserving trial timing. 
In a dark room, the animals were required 
to fi x their gaze periodically on a tiny fi xa-
tion point to get a reward. Intrinsic signal 
optical imaging and LFP were monitored in 
the primary visual cortex while the animals 
performed this task. Even though monkeys 
were in virtually total darkness with no 
exposure to visual stimuli, they expressed 
robust unexpected haemodynamic signals 
in the visual cortex at the trial frequency. 
Then, while the animals performed the same 
fi xation task, vigorous visual stimuli were 
presented; this visual stimuli added a second 
distinct component to the  haemodynamic 
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signal. The component generated by visual 
stimuli was associated with strong LFP. The 
other vascular signal related to task struc-
ture was not accompanied by changes in 
electrical activities. It is interpreted by the 
authors as an anticipatory haemodynamic 
signal that could prime the visual cortex for 
the expected subsequent strong visual stim-
uli. The existence of electrical anticipatory 
signals preceding expected stimuli in the 
cortex is not new; anticipatory signals were 
described as early as 1964 by Walter et al. 
(1964) and reviewed recently by Moore and 
Cao (2008).

The fi ndings of anticipatory increase in 
blood fl ow cannot be explained by the meta-
bolic hypothesis assuming a link between 
neuronal energy demand and local CBF. 
These results support the existence of a 
neuronal network involved in the control 
of cerebral arteries. The anatomy of the 
neurovascular net controlling intracerebral 
blood vessels is expected to be complex with 
interplay between neurons, glia and vascu-
lar smooth muscle cells. This neurovascular 
unit includes pericytes which are specialised 
cerebral smooth muscle cells, and several 
different interneurons containing nitric 
oxide synthase and various neuropeptides 
(Cauli et al., 2004; Estrada and DeFelipe, 
1998; Hamel, 2006; Rancillac et al. 2006).

The debate among neuroscientists 
between “metabolic” versus “neurogenic” 
for the control of CBF has received support 
in favour of the neurogenic hypothesis in 
the recent report of Devor et al. (2008), that 
addressed the relationship between blood 
fl ow and glucose consumption in rat  primary 
somatosensory cortex in vivo. Devor et al. 
examined neuronal and haemodynamic 
changes and glucose uptake in response to 
unilateral forepaw stimulation. In contrast 
to the contralateral forepaw area, where neu-
ronal activity, blood fl ow and glucose uptake 
increased in unison, they observed, in the 
ipsilateral cortex, a blood fl ow decrease in 
the presence of increased glucose uptake. 
Electrophysiological recordings revealed 

an increase in ipsilateral electrical activity 
consistent with the observed increase in 
glucose uptake. The decrease in blood fl ow 
in the presence of an increase in glucose 
uptake in the ipsilateral cortex contradicts 
the prominent metabolic hypothesis regard-
ing the regulation of CBF, which postulates 
that energy consumption determines the 
regional blood fl ow through the production 
of vasoactive metabolites. In brief fuelling 
and plumbing are not always correlated.

In a recent magistral review Logothetis 
(2008) has described in details the pros 
and cons of fMRI-BOLD for visualising 
brain activation. The general consensus is 
that BOLD is most of the time an excellent 
surrogate measure of neuronal activity and 
metabolism. The two recent papers (Devor 
et al., 2008; Sirotin and Das, 2009) reviewed 
in the present general commentary indi-
cate that fMRI-BOLD could not always 
be coupled to neuronal electrical activity 
nor to metabolism. The intrinsic BOLD 
signal is directly linked to cerebral blood 
vessels dilation or contraction by smooth 
muscles. The control of those seems to be 
neurogenic making BOLD signalling an 
exquisite measure of the neuronal control 
of cerebral blood vessels.
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