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Functional Mapping of Nervous System
Using Optical Imaging Techniques
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| Abstract |

Functional mapping techniques including functional magnetic resonance imaging (fMRI),
positron emission tomography (PET), and magnetoencephalography (MEG) can be used to
study the function of the nervous system. Optical imaging is an emerging technique for functional
imaging of the nervous tissue. Functional optical imaging can be classified into two major
streams; intrinsic signal optical imaging (ISO) and voltage-sensitive dye optical imaging (VDO).
ISO is related to hemodynamic changes such as hemoglobin concentration and oxygenation
changes, cytochrome oxidation change, and light scattering. On the contrary, VOD measures
changes in membrane potentials of neural cells. Therefore, ISO reflects metabolic activity of
neurons, while VOD directly reflects neural activity. Recent advances in optical imaging opened
the possibility of its application to clinical situations as well as basic researches. Further,
development of optical imaging may greatly contribute to the understanding of the function of the
nervous system.
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Figure 1. Spatio-temporal characteristics of methodological tools in neuroscience. The pro-

perty of each technique are depicted by the colored rectangles. Abscissa and ordi-
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nate indicate temporal and spatial resolution, respectively. Optical imaging covers

almost the entire area (including voltage-sensitive dye imaging, intrinsic signal imag-

St AgAd dE(volta-

ing, ion imaging, confocal imaging, multi-photon imaging, etc.). EEG, electroenceph-

alography; fMRI, functional MRI; MEG, magnetoencephalography; PET, positron
emission tomography; 2DG, 2-deoxyglucose autoradiography. (with kind permis-

sion from Grinvald and Hildesheim, 2004)

o F3l= W o 2] A7 E]EHE 7)1EW, =AM au-
toradiography, AN 5 oJg] 7}x] 7]1%2 el A7)

W it ol g} ¥ HS(EEG), HAE(MEG), 7154 2}H7]
T (MR, FAALEGZ2 I (PET) 5 573741
°J nfgshs e o} Tkl Figure 12 @
tho] A7 stellA ARgslaL Sl T 7S ]*lﬁ}l’
SIE, o5 ARFH T4 S AellA] wlasta gick.
nfe} gho] zkzbe] A7 7 & 7]

FEE 7HA T QJov Y=
2] ’Hoptical imaging)-& o|-&
oM 71w FEE A

3 ol st

o

rlo

]1__

EE

, ©l
I & e

3 e

|

i

-

i o]
[eoXe]

At (Optical Imaging)2

332 7]=(optical recordin

A sl $8 & 5 Sl o

flo mlo

g)
7

7|HE 0l8gt

N 159 o

Ahg o]

gesensitive dye)&

seit,

D58 715 ol 15<F AFE 27
AZNE] 27149 B2 AR 1714
7S o] 190 49, =2 ol
A
e S5 1l ol 1 e
Feigich. 1% s By

A% (intrinsic signal)Z- o]

_9_
=

A4AY 5 ol

3 A WA

s (dye)E o] &5t FAYoE v= F 3l
QA AT E o] g3l Lot Ax B IF
2] A3} 50 2 doju= hemoglobin F %9} oxygenation
changes, cytochrome oxidation change, light scatte-
ring@} o] AA 2] St FEE WA N E B
she Aok, A= o2 apge] Yol telxe vheehe &
A} A Efo] tr27] wite] 5AA% 257} dEEc
(2). & €4, 610nme] 3Fol|A = deoxy-hemoglobin
o] F& ¥sp7t 544 o2 Y=y oxyhemoglo-



°
Functional Mapping of Nervous System %jol'ﬂ'

Table 1. Comparison of intrinsic signal imaging and voltage-sensitive dye imaging

Intrinsic signal

Voltage-sensitive dye

Measurement

Map Metabolic activity

Relationship to neural activity Indirect
Spatial resolution High
Temporal resolution Low

Activity-dependent hemodynamic changes

Summed membrane potential changes
Neural activity

Direct

High

High
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Optical imaging and reconstruction of a waveform

Electrical stimulation
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Figure 2. Voltage-sensitive dye imaging from the somatosensory cortex of the rat following electrical stimulation of the sciatic nerve.
(A) Optical imaging of cortical activation and reconstruction of a waveform.
(B) Sequential images of cortical activation following stimulation of the sciatic nerve (from upper left to lower right). Scale bar: 2002m.
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