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Short Communication

Application of Specific Brain Function Evaluation by Optical 

Topography

Akiko OBATA, Kanehisa MORIMOTO, Tatsuya TAKESHITA, Yuriko ISSHIKI  and Masahiro TODA

Department of Social and Environmental Medicine, Osaka University Graduate School of Medicine, Osaka

Abstract

Objectives: To use the evaluation of a specific brain function obtained by optical topography. This

system uses a non invasive method to measure brain function, unlike other major systems.

Methods: Twelve optical fibers were attached to the subject’s head. Hemodynamic changes in the

motor cortex were measured during finger tapping before and after alcohol intake for each ALDH2

genotype. 

Results: Different hemodynamic changes in the motor cortex were observed among the ALDH2

genotypes.

Conclusions: Optical topography is a useful tool for evaluating specific brain functions. Further

research is needed on the relations between various environmental factors and brain functions by

optical topography.
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Introduction

An optical topography system, which is based on near-

infrared spectroscopy (1–4), is a non invasive technique with

high temporal resolution for imaging hemodynamic changes

induced by brain function (1). It has become possible to

measure brain functions under various conditions (1–6). The

small size of the system means that subjects do not require as

much restraint as with other measurement systems; e.g., electro-

encephalography (EEG), functional magnetic resonance imaging

(fMRI), positron emission tomography (PET), and magnetoen-

cephalography (MEG). Therefore, optical topography could be

more useful for measuring brain function than other major

systems. It should be able to clarify specific brain functions

under various environmental and lifestyle factors including the

effects of alcohol. Recently, several studies examined how

different genetic propensities to produce aldehyde dehydrogenase

(ALDH2) modulate the acute effects of alcohol intake (7–9).

ALDH2 genotypes showed different effects of alcohol intake on

EEG response, event-related potential (ERP) response, pulse

rate, and facial flushing (10–13). However, alcohol intake influ-

ences specific brain functions such as the motor cortex (14) and

task performance (15–17). We used an evaluation of brain

function by optical topography to examine differences in the

specific brain function caused by alcohol intake in ALDH2

genotypes.

Materials and Methods

Subjects

After giving informed consent, two healthy adults (two

females, 29 and 32 years old) participated in this study. Subjects

completed a questionnaire concerning lifestyle. They did not

drink alcohol on the day before the experiment. The two

subjects had no major differences in lifestyle.

Near infrared spectroscopy recording

The Optical Topography system (ETG-100, Hitachi Medical

Corporation, Tokyo, Japan) uses near-infrared laser diodes with

two different wavelengths: 780±5 nm and 830±5 nm. This system

can simultaneously detect changes in the concentrations of oxy-

Hb, deoxy-Hb, and total-Hb. At each irradiation position, mod-

ulated at differing frequencies, light from the laser diodes arrives

via an optical fiber: the total irradiation power in two wave-

lengths is 3.0±0.3 mW. Avalanche photodiodes detect dual

wavelengths of reflected light. Their outputs are sent to lock-in

amplifiers, and the derive intensity of the reflected light corre-

sponding to the irradiation position and the wavelength.
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Thus separated, the signals are digitalized by A/D convert-

ers in the computer memory. We measured hemodynamic

changes at 12 points in each temporal lobe (Fig. 1). The dis-

tance between irradiation and detection positions was 30 mm.

The sampling rate was 0.1 s.

Procedure

To measure changes in oxy-Hb, deoxy-Hb, and total-Hb

concentrations during the finger tapping task, we attached

optical probes to the side of each subject’s head. Thirty minutes

before alcohol intake, the subjects were instructed about the

finger tapping task. Each subject drank the same amount of beer

that contained 0.37 ml/kg of pure ethanol. Each subject

performed a sequential finger tapping task with the dominant

hand by opposing the thumb to each finger in turn in a self-

paced repetitive manner as fast as possible 30 min before

alcohol intake, and immediately after, 30 min after, and 60 min

after alcohol intake. The finger tapping task was done for 20

seconds, followed by for 30 seconds’ rest. This cycle was

repeated five times. For four of the measurement points, the

subject’s saliva was collected before the task to determine the

salivary cortisol level.

Subjects assessed their response to alcohol according to a

questionnaire using the Subjective High Assessment Scale (18, 19)

immediately after the task (immediately after alcohol intake),

30 min after alcohol intake, and 60 min after alcohol intake.

The experimental protocol is shown in Table 1.

Data analysis

Changes in the oxy-Hb, deoxy-Hb and total-Hb conce-

ntrations during the task were averaged five times for each

measurement point. The data during the task was corrected by

averaging the data for the rest period. The most activated

channel during the task was selected among the 24 measure-

ment channels in the two subjects. Channel 8 in the left hemi-

sphere, which relates to the motor cortex activation, was defined

as the area activated by the task in both subjects (Fig. 1).

Results and Discussion

In this study, we used the brain function evaluation by

optical topography to examine differences in brain function in

ALDH2 genotypes caused by alcohol intake. Hemodynamic

changes during the task in channel 8 are shown in Fig. 2. The

subject with the ALDH2*1/*1 genotype showed increases in

oxy-Hb concentration and decreases in deoxy-Hb concentration

at four measurement points. The subject with the ALDH2*1/*2

genotype showed similar changes at 60 min after alcohol intake.

This suggests that the finger tapping task induced hemody-

namic changes in the motor cortex. This result supported previ-

ous studies (1, 3, 20). Alcohol intake affects the motor cortex

(14) and motor performance (15–17). In this study, oxy-Hb

concentration showed decreases in the ALDH2*1/*2 genotype

at 30 min after alcohol intake. This result suggested that alcohol

intake affects hemodynamic changes in the motor cortex in the

ALDH2*1/*2 genotype compared with the ALDH2*1/*1 geno-

type at 30 min after alcohol intake.

The subjective effects of alcohol from the Subjective High

Assessment Scale are summarized in Fig. 3. The subject with

the ALDH2*1/*2 genotype showed higher scores for alcohol

effect than the subject with the ALDH2*1/*1 genotype. The

subject with the ALDH2*1/*1 genotype showed decreases in

alcohol effects after alcohol intake. The subject with the

ALDH2*1/*2 genotype retained high scores after alcohol intake.

Fig. 1 Optical Topography measurement system.

Nos. #1–24 indicate the measurement position channels in each

temporal lobe. Black circles indicate irradiating fibers and white

circles indicate detecting fibers.

Table 1 Experimental protocol

Time Procedure Measurement

30 min before alcohol intake Finger tapping hemodynamic changes

Rest Task Rest repeat this cycle five times

0  10 30 50 (sec)

Alcohol intake 0.37 ml/kg

Immediately after alcohol intake Questionnaire alcohol effects

Saliva salivary cortisol level

Finger tapping hemodynamic changes

30 min after alcohol intake Questionnaire alcohol effects

Saliva salivary cortisol level

Finger tapping hemodynamic changes

60 min after alcohol intake Questionnaire alcohol effects

Saliva salivary cortisol level

Finger tapping hemodynamic changes

Time indicates measurement points. Alcohol effects and hemodynamic changes were measured at each measurement point.
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Wall et al. reported that alcohol effects differed for different

ALDH2 genotypes (10). The present results supported these

previous findings (10).

The optical topography system could measure hemody-

namic changes in the motor cortex in different ALDH2 genotypes.

It is suggested that optical topography can be used to evaluate

changes in a specific brain function from this study. However,

more studies are needed on the effectiveness of this system in

some experimental conditions, the method of analyzing data

such as removing noise from signals of the optical topography

system, a standard method of setting optical fibers, coincidence

with the inside of a brain region, the number task repetitions,

Fig. 2 Oxy-Hb, deoxy-Hb and total-Hb concentrations during the task at four measurement points in both ALDH2 genotypes.



Environ. Health Prev. Med. Brain Function and Optical Topography

32

and the validity of the data.

In future studies, we will obtain more data in order to

discuss the effects of alcohol intake on the brain function in

different ALDH2 genotypes. In addition, it will be important to

use it together with other markers like salivary cortisol levels

and a questionnaire in order to use the optical topography data

more effectively. This approach will provide new knowledge

about the relations between various environmental factors and

brain functions.
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