
Physiological basis of functional brainPhysiological basis of functional brain
mappingmapping



Physiological Events AccompanyingPhysiological Events Accompanying
Neuronal ActivationNeuronal Activation

information
processing
in neurons

electrical 
chemical

metabolism
glucose
O2

neurotransmitter recycling
(glutamate)

maintenance
of membrane
potential

blood flow

arteriolar
resistance

vascular
neurotransmitter
receptors
(dopamine, NO)

local and long range neural
projections to vasculature

metabolic byproducts
(CO2, H+)

blood volume

arterial
venous

hydrostatic pressure,
vascular smooth
muscle tone



Metabolic pathwaysMetabolic pathways

blood

cell



tootell et al.

2DG autoradiography



Positron emission Positron emission tomographytomography

Fox et al.



Hemoglobin:  a marker for bloodHemoglobin:  a marker for blood
volume and oxygenationvolume and oxygenation

• transports oxygen in blood
• tissue concentration:  ~ 84 molar



HemeHeme

• unpaired electrons in reduced Fe lead to
paramagnetism, absorbance of red light



Hemoglobin-based opticalHemoglobin-based optical
imagingimaging

Shtoyerman, Grinvald et al.

monkey orientation columns



Functional NIRS imaging in animalsFunctional NIRS imaging in animals

• Frostig et al.
1990

monkey ocular dominance columns



PET and MRI-based PET and MRI-based CMROCMRO22  valuesvalues
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ATPATP synthase synthase

ATP synthase acts like a H+ powered pump



The respiratory chainThe respiratory chain

mitochondrial membrane



CytochromesCytochromes and and cytochrome oxidase cytochrome oxidase

• transport electrons/protons in mitochondrial membrane

• contain heme groups with characteristic spectra



Muscle contraction studiesMuscle contraction studies
(canine)(canine)

• Duhaylongsod et al.
1993



Oxidized/reducedOxidized/reduced nicotinamide nicotinamide
adenineadenine dinucleotide dinucleotide (NAD (NAD++, NADH), NADH)

• transports electrons/protons in mitochondrial membrane

• NAD+ concentration increases in active tissue

• NADH fluoresces at 340 nm (UV)



NADH fluorescence imaging withNADH fluorescence imaging with
2-photon excitation2-photon excitation

• Piston et al.
1995



NADH fluorescence imaging ofNADH fluorescence imaging of
rabbit cornearabbit cornea

• Piston et al. 1995

corneal cells after administration of cyanide

(a blocker of respiratory enzymes)




