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Abstract. A  measurement  system  was  employed  to

deteet gustatory evoked  potentials from  human  sealp

by  stimulus  of a  taste solution  with  the use  of  a  laser
beam  device, The evoked  potentials for four taste qualities
Ci.e., sweet-sucrose,  salty-sodium  chloride,  sollr-tartaric

acid, and  bitter-quinine-HCI) were  measured  before and
after  treatment  with  a sweet  suppressing  agent  (i.e.,
gymnema  sgylvestre  extract)  to the tongue  of  a  human.
The solution  was  given to the chorda  tympani  nerve

located 20 mm  from the apex  of the tongue  and  15 mm
from  the  left side  of  the center  line. The  maximum

potential level and  its latency were  evaluated.  Artificial

sa}iva  was  used  as  a control  solution,  The evoked

potentials obtained  were  averaged  by eight  evoked

potentials to detect the peak  of  the evoked  potential
more  clearly,  The lateneies for taste stimuli  were  found
on  two kinds of peaks at approximately  50 ms  and  180
ms.  These peaks  are  Pl  and  P2. The purpose  of  this
study  is to investigate the influenee of  sweet  suppressing

agent  on  Pl and  P2. The influence of  the  sweet

suppressing  agent  to evoked  potential by salty, sour,

and  bitter taste stimuli  was  not  recognized,  but the
responses  to sweet  (suerose) were  abolished  after

treatment  with  a sweet  suppressing  agent.  It was
reeognized  that the peak  P2 originated  from t,he taste

stimulus,  The peak  Pl  did not  suffer  the influence of

the sweet  suppression,  so  it was  eonsidered  that the

response  to Pl was  due to sensations  other  than  the

gustatory response,  sueh  as  somatosense.

           CAppl Hunyzan Sci, 17 (1): 9-17, f998)

Keywords:  gustatory evoked  potentials, four taste

qualities, cinorda  tympani nerve,  artificial saliva, gymnema
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Introduction

   Funakoshi and  Kawamura  (1968 and  1971) first
reported  on  gustatory evoked  potentials. The evoked

potentials were  obtained  by using  an  averaging  technique.

Since then, there have  been other  reports  related  to this

(Kobal, 1985; Ikui, 1988; Maetani et aL, 1989; Platting,

1991; Min and  Sakamoto, 1997). There have been only  a

few such  studies  compared  with the voluminous  stiidies

of  evoked  potentials referring  to visual (e.g., Cobb and

Dawson, 1960; Vaughan et  al., 1963; Shawkat and  Kriss,

1997), auditory  (e.g., Celesia et al,, I968; Ninomiya  et aL,

1997), and  somatie  (e.g., Allison, 1962; Araki et aL, 1997)
sensations  until  quite recently.  One reason  for this is the
confusion  surrounding  gustatory evoked  potential
including the many  sensations  of  not  only  taste but also
touch, pressure, and  warm  senses  that have been
mentioned.  Recently, Murayaina  et  al, (1996) and

Kobayakawa et al. (1996) measured  the cerebral

magnetic  fields eaused  by taste so}ution  stimulus,  and

they attempted  to estimate  the site  of  taste response.
Altheugh stimnii  such  as 1ight and  sound  can  be defined
in physical quantity, it is difficult for the stimulus  of taste

solution  to be quantified due to ehemieal  substances,

Moreover,  the following basic problems  should  be
considered  when  giving taste so}utions  to a  subjeet's

tongue, Firstly, the timing of triggering for the sake  of

averaging  of  evoked  potentials, the duration of

stimulation,  and  the area  of  stimulation  should  be

investigated. Secondly, in addition  to successive  taste

sollltion stimuli,  the  fatigue or  the adaptation  of the

tongue, by which  the sensation  for the taste solution
deereases or  completely  disappears, occurs  and  a definite

time is required  fbr the reeovery  from these phenomeRa.
Thirdly, the synchronization  ef exeitation  of the

individual nerve  fiber is diencult, so that the problem of
the stimulation  method  should  be eonsidered  (Ikui,
1988). ExaJnining the above  problems, a new  apparatus

for stirnulating  taste solution  to the tongue was  devised

by Min and  Sakamoto (1997), The evoked  potentials for
four tastes qualities-sweet, salty, sour,  and  bitter-were
measured  sequentially  for a constant  interval of  taste

stimulus  in the  study.  The  evoked  potentials were

evaluated  by an  averagiitg  method.  The  largesl/ positive

potential generated at  approximately  180 ms  from the
moment  when  the taste solution  to the tongue was  given,
The potential was  ealled  P2. At the moment,  a small

positive peak  at  approximately  50 ms  was  also  measured
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and  this peak was  called Pl, The origin of the two peaks
has not  been elueidated  clearly,

   Recently, the substances  whieh  suppress  the
selectively  of  the sweet  sensation  among  the four taste

qualities have  been  prepared  by Kurihara (1969 and  1992)

aRd  Maeda et  al, (1989). One  of  the substances  was  known

to be gymnemic aeid, which  was  prepared frorn gymne7ua
syivestre  (GS), a  plant name,  A ehewing  gum  containing  a

1% GS extraet  (Melji Seito Co,, Japan) was  applied  as a

sweet  suppressing  agent.  The purpose of the paper is to
investtgate the infiuence of this sweet  suppressing  agent  to

Pl and  P2 by the use  of four taste quality stimuli.  In other

words,  the kinds of  sensations  whieh  afliect  the peaks could
be deterTnined. The  appHcation  ofa  sweet  suppressing

agent  was  expected  to make  clear the origin of P2 for the
sweet  solution  stiinulus, The influenee of  a sweet

suppressing  agent  on  P2 was  also  investigated for taste
solutions  except  for the sweet  solution.

Materials and  Methods

fTastant

Apexoftongwe.
        i

        :

TriggersignalteEEGappm'atus

Suby'ects

   The subjeets  were  10 healthy men  aged  22 to 27 years
with  normal  gustatory senses.  All subjects  were  non-

smokers  and  were  instructed to restrain  from  drinking or

eating  for at least one  hour  prior to the measurement.

-Device
 ef  laser beam

Ealperimentae crpparatus

   The apparatus  for the taste stimulation is shown  in
Fig. 1, When  the tip of the bottle A of the taste solution

comes  into contact  with the area  innervated by the  ehorda

tympani  nerve  of the tongue  B, the taste solution  is given
to the tongue  B, and  at  the same  time the laser beam
device (Pacific Supply, E980-60) deteets the touching
moment  of the tip of A  without  the device makmg  contact

with the area  B. It is the mechanism  of the detectioR that

the device irradiates perpendieularly on  the surface  of the

tongue, and  the refieeted  beam  from the surface  of the

tongue is detected by a photosensor in the device. The

exaet  rnoment  of the touching of A  to B was  set  by
adjusting  the distanee between  the tip of  the device and
the surfaee  of  the tongue as shown  in Fig. 1. The moment

was  used  as  trigger tirne in the procedure for averagirig the

evoked  potentials obtained.  The eonventional  technique to

find the response  by stimulus  of the taste soiution  was

controlled  with  the llse of a magnetic  valve  (Lester and

Halpern, 1979; Keiling and  Halpern, 1986; Prescott, 1994).

The procedure had a defect in detection of  the latency,
stnce  the position giving the solution  was  set far away  from
the tongue  where  the solution  was  given, so that  the

lateney obtained  included a  long lag time, and  the value  of

the latency obtained  was  not  correct.

   The trigger signal detected was  sent  frorn the laser

beam  device to an  electroeneephalograph  (Neuro-Pack
Eight, Nihon-Kohden Co,, Japan). An  amount  of taste
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Fig. 1 The schematie  drawing of  apparatus  fer taste stimulation.

  The  zaste  selution  in the bottle touched  the surface  of the

  tongue  ef  humans  and  when  it touched  the innervation  area

  of  chorda  tympani  nerve  this nLornent  was  accurately  detected

  by the devtce which  used  a  laser beam. The signal  was  evaluated

  as  a  trigger. The shape  of  t,he bottle (tastant) ofa  taste quality
   solution  has a diaineter of  18 mm  and  a height of  50 mm.

solution  (O.5 cc)  is placed on  the surface  of  the tongue

just after the tip (8 mm  in diameter) of the plastie bottle
comes  into contact  with the surfaee  of the tongue. The

proeess in which  the taste solution  is placed on  the

surface  of  the tongue is as  follows. The  first step  is when

the tip A  of the bottle of  the taste solution  eomes  into
contact  with the tongue. The  second  step  is at  the time

the subjeet  feels the sensation  of  contact  as  well  as  the

sensation  of  taste. The latency of  gustatory response
differs from the latency of the sensation  of contact,  and

they are  discrirninable by the difference of  their latencies

(stated later in the Results section).

   The taste solution  given was  kept at 35"C and  the

bottle A  was  soaked  in distilled water  of 350C. The
material  of the tip of A  was  also  sottened  by the distilled
water,  so that the influenee of  the sensation  of teuch on
the tongue  was  reduced  by the treatment.

Recording of evoked  potentiats and  statisticat  anatysis

of latencies at  the  peak  evoiced  potentiats

   EEG  was  measured  in a  quiet room  with  an  area  of 12
m2.  The subject  was  instructed to sit on  a  chair  in a

relaxed  state. The subject  closed  his eyesjust  before the
moment  the taste solution  was  given, T[he subject  was

requested  to sleep  well  the ntght  prior to the test. A one

minute rest time between the tests was  taken, so that the

results  were  not  afreeted  by fatigue of  gustatory sense  or

adaptation,  The temperature  of  the measurement  room

was  kept at  20-23eC and  the time for the measurement
was  from 2:OO to 5:00 in the afternoon.  The condition  of

the measurement  was  the same  as used  by Henkin  and

Christiansen (1967). Following the study  of  Henkin  and
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Table 1 Contents of artificial saliva*

           Substance

Sodjum  eh]oride  CNaCl)
Potassium chloride  (KCI)
Calcium chloride  (CaCIL,)
Magnesium chloride  (MgCL,)
Monobasic  petassium  phesphate (KL,HP04)

Contains (mgt50 g) Concentration (MA)
42.260.0

 7.3
 2,617.1

1.4 x  lo-21.6
 
×

 lo,e
1.3 × lo-3

5.5 x  lo'4

2.0 × lo-3

*Comrneriea]  namelSalivehtO  CTeijin Ce., Ltd,,japan).

Christiansen, similar  room  temperature and  experirnent

time were  employed.  For example,  Yoshii et  al, (1981)
experimented  at the room  temperature of 21 ± 1 degree
C. As  fOr the experiment  time, Yamamoto et al. (1985)
experimented  from 2:OO to 4:30 in the afternoon.

   The time eonstant  of the amplifier  was  taken  to be
O.3 s and  the frequency of the high-cut filter was  30 Hz.

Although the cortical site where  the gustatory area  exists

was  the temporal  region,  the vertex  CCz; 10f20

international system)  was  used  in the study  because it is

a good site for recording  gustatory evoked  potential
according  to Kobal  (1985). In the measurement  of

evoked  potent,ial, the moitopolar  leading between Cz and

Al (the left lobe) was  taken, and  the ground was  set  on

Fpz, The silver-silver chloride  electrodes  of  7 mm  in
diameter  (Nihon Kohden, NE-121B) were  used.

Eleetrode impedances were  adjusted  to be  less than 5k9.

The period fOr analysis  of  evoked  potential was  measured

to be 1000 ms.  The number  of taste stimuli  was  eight  and

eaeh  day evoked  potential was  recorded  and  the

procedure for average  of the' evoked  potentjals was

perforrned after  the measurement,

   The  statistieal difference between the values  of the

latencies before and  after  treatment  with  a  sweet

suppressiitg  agent  was  evaluated  by means  of  a  t-test for
the paired data.

Table 2 Taste so]utions

Taste solution  (taste quality)Concentration'  (M/])
Sodium Chloride
SuereseTartaric

 acid

Quinine-HCI

(Salty)(Sweet)(Sollr)(Bitter)1O.1O.12O.03

Evoked potentialsforfour taste qual2ties and  artmpctat

sativa

   The  centents  of  the artifieial  saliva  used  are  shown  in
Table 1. The concentrations  of taste solutions  indicatirig
the maxirnum  evoked  potentiai ebtained  by MiR and

Sakamoto (1997) were  used  in the study  {Table 2). The

evoked  potentials of the  artificial  saliva were  compared

with those for each  taste solution.  In the measurement  of

evoked  potentials, only  one  kind of  taste quaiily was

given every  day to remove  the adaptation  or  fattglle of the

tongue.

Stimutus parameters  for evoiced  potentiats

   According  to Tomita et  aL  C1986), the ehorda

tympani  nerve  on  the tongue  exists  at the apex  of the

tongue, and  the ieft and  the right sides  of the chorda

tympani  nerves  make  a tan shaped  crossing.  Hence, the

*The
 concentrations  whieh  solutions  of four taste qualitie$

indieatethemaximllmvalueoievokedpotentialarechosen

in the study.

site of stirnulation in our  experiment  was  20 mm  from the
apex  of the tongue  and  15 mm  from  the left side  of the
eenter  line as shown  in Fig. 1. Sato et al. (1975)
employed  the chorda  tympani  nerves  as the best response
site for the four taste qualities. The  taste solution  with
four taste qualities was  used  and  the evoked  potentials
were  measured,  and  then  the subject  chewed  gymnemate

gum  containing  a  1%  GS extract  for le minutes.  After
chewing  the gum, evoked  potential was  measured  by

giving the subjeet  the same  taste solution  again.  The
detailed procedures for the taste solution  are  as fbllows:

   Cl) The oral  eavity  was  rinsed  with distilled water  to

remove  any  infiuence of  saliva  on  the tongue, The tongue

was  protruded  forward slightly, and  the experimenter
held the apex  of  the tongue  using  a  pieee of  gauze. AfLer

the experimenter  ascertained  that the evoked  potential
was  stable,  he placed the artificial saliva on  the tongue as

a control  solution  in order  to compare  the response  of the

artifieial saliva with  the gustatory evoked  response

regarding  the taste solution. The evoked  potentials for

the control  solution were  measured.

   (2) After the taste solutions  were  given to the tongue
and  the evoked  potentials were  measured,  the subjeet  was

asked  about  the presence or the absenee  of the perception

of the taste given after each  measurement,  and  the data of

evoked  potentials without  perception of taste were

removed.  That  is, only  the perceived evoked  potentiais
were  used  for the average.  The averages  of the evoked

potentials were  thus obtained.  In the preliminary
experiment,  the average  of eight evoked  potentials and  the
average  ef  thirty evoked  potentials were  both examined,
and  the results revealed  similar  evoked  potentials, so in the
study  the averaging  number  used  was  eight. (IIhe duratioR
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time of the stimulation  with  one  taste solution  was  two
seconds.  Kobal (1985) fixed 50-60sfor the time intervals
of stimulations  with a taste solution. In our  study  the time

inLerval between stiiriuli with taste solutions  was  60 s.

   According to Sato (1963) the solutions  of four taste

qualities show  the maximum  sensitivity  near  body
temperature  in the measurement  of  evoked  potentials.
Hence, the temperature  of all the taste solutions  and

control  solutions  was  maintained  at 35eC to rernove  the

effeet of  a warm  sensation,

Evaluataon  of evoked  potentials

   The evoked  potentials resulting  from the solutions  of

the four taste qualities and  from the control  solutions

were  compared.  The evoked  potentials for the four taste

qualities before and  after the treatment with gymmemate
ehewing  gum  for 10 minutes  were  examined.

   The  evoked  potentials for the taste solutions  had two

positive maximum  peaks  with  the latencies at

approximately  50 m$  and  180 ms.  In the study,  the

latency was  defined as the period between the moment
when  the stimulation  of solution  was  given to the tongue
and  the time when  the evoked  potential had  a  peak  with

plus or  minlls  amplitude.  The peak of  the evoked

potential was  evaluated  as follows, The maximuin  value

of the level of  the evoked  potential (P wave)  or  the

minimum  one  (N wave)  was  detenmined with  the

precision of O.2 "V  by the operation  of the cursor  line
used  in the vlsual  display set  in the apparatus  of

electroeneephalograph  (Neuro-Pack Eight).

Evoiced potentials injZuenced by a  stveet smppressing

agent

   It is eonsidered  that there exists the possibility that
the evoked  potentials induced by taste solution  stumulation

include not  only  gustatory evoked  potentials but also
somatosensory  evoked  potentials by stimulation  of  the

trigeminai nerves  eaused  by touch and  pressure senses.

Hence, the evoked  potentials for four taste quaiities before
and  after chewing  the gum  eontaining  the 1% GS extraet

were  examined.  Moreover, the somatosensory  evoked

potentials stimulated  by the trigeminal nerve  in whieh
touch and  pressure senses  whieh  seem  to be involved were
studied  from the viewpoint  of evoked  potentials for the
solutions  of four taste qualities aiid the artMcial  saliva,

Results

Evoked  potenttals induced  by stimulation  of a  taste

sotution

   The evoked  potentials by stimuli  of a  solution  of  four
taste qualities in chorda  tympani  were  measured.  The
optimal  number  of the average  of the evoked  potentials

was  investigated. Firstly, the examples  of  evoked

pot/entials of sour  stimulus  for one  subieet  are shown  in

( ffrtificial saliva and  sour-tartaric acid  )

8:

6:cag'th

 4:Ey

£
:8:Be:7:

  6:

5:

(Cz IAi)

't' elapsed time

  I 2opv
      +
H  100ms

Fig. 2 Averaged evokedpotentials.  The  number  in ordinate

  means  the  number  of  evoked  potentials added  in average,

  The  upper  parts of  the three evoked  potentials denote

  the averaged  evoked  potentials of  anificia]  saliva,  and

  the lower  parts show  the evoked  average  of  O.12 M  of

  tartaric acid.  The arrow  indicates the onset  of stimulation,

Fig. 2. The lower parts of Fig. 2 are  the evoked  potentials
for the sour  stimulus,  while  the  upper  parts show  the

evoked  potentials fbr the artificial  saliva. The number  iR
ordinate  denotes the number  of  the average  of the evoked

potentials. The sharpness  of the peak P2 at

approximately  18e ms  grows dim  because of the increase
of the amount  of  superimposure  of  evoked  potentials,
The numbers  5 to 8 deRote clear  sharpness  of  the positive

peak  of  the evoked  potentials at approxtmately  180 ms  for
all  the subjeets.  The  other  pesitive peak  Pl at

approximately  50 ms  was  determined for all the subjeets.
The sharpest  peak of Pl was  obtained by the average  of

eight evoked  potentials of  the artificial saliva.

   Secondly, the typical patterns of the evoked  response

to a  salty taste befbre averaging  are shown  in the upper

part of Fig. 3, and  the lower parts are  the average  of the

evoked  potentiais. The upper  figures give the two main

positive peaks at approximately  both 50 ms  and  180 ms.
The averaged  evoked  potentials indieate also two clear

reproducible  positive peaks  at  approximately  50 ms  and

180 ms.  The optiirial number  of evoked  potentials in the

average  denotes 5 to 8 for all the subjeets,  The

comparison  of the evoked  potentials from the salty

stimulus  in Fig.3 with those of the artificial saliva and  the

sour  stimulus  shown  in the upper  figures (8, 6, 4) in Fig.
2 denotes that the peak Pl commonly  generates both the
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Fig. 3 Evoked  responses  of  IM  of  sodium  chloride  before

  averaging.  As forthe nurnber  in erdinate  of  the  lower parts,
see  the footnote  in Fig. 2.
ofstimulation.

The  arrow  indicates the onset

taste solutions  and  the art-cial  saliva. The results  mean

that the origin of  the peak  P1 is estimated  to be the touch
sense  of  the solution  stimulus.  The  observation  of  stable

positive response  waveforms  as shown  in the upper

figures of Fig. 3 proves that this method  is a  stable

technique. Positive response  waveforms  sirnilar  to those

in Fig. 3 were  also  observed  in other  suQjects,  though
differences in the latencies were  seen,  Thirdly, the taste

stimulus  of  sweet  and  bitter also  gave two positive peaks
which  were  the same  as that of the sour  and  salty tastes

denoted, The examples  for the solutions  of the sweet  and

bitter taste are shown  in the lower parts in Fig. 4 and  the
left side  figures in Fig. 5, respectively.

Evohed potentiats injuenced by  the treatment  of a
sweet  szrppresszng  agent

   In order  to deterTnine the Qrigin of the two positive
peaks Pl and  P2 for the sweet  stimulus,  a gum  containing

the GS extraet which  caused  a  sweet  sense  paralysis was

used.  The  evoked  pot,entials for the sweet  stimulus  were

measured  before and  after  treatment with the gymnemate
gum. The examples  are  shown  in Fig. 4. The lower pants
of the dgures are  the evoked  potentmus before chewing  the

gymnemate gum,  while  the upper  parts are the evoked

petentials after  chewing  the gymnemate  gum  for 10

minutes,  The peak  P2 is shewn  at the positive peak at
approximately  180 ms  before ehewing  the gymnemate

Fig. 4 The  comparison  between  evoked  potentials of  O.1 M of

  sucrose  before and  after  chewing  the gymnemate  gum  Csweet
  suppressing  agent)  for 10 minutes.  The lower parts of  four

  curves  indicate the  evoked  potentials before the chewing

  gymnemate  gum, while  the upper  parts denotes  those  after

  the  chewing  gyrnnemate gum. The recordings  show  that

  the  evoked  potentials by stimulation  of  O.l M  of  sucrose

  shown  in the  upper  parts was  abolished  at  approximately

   180  ms.  The  arrow  indicates the onset  of  stimulation.

gum, but the positive peak  is not  detected after  the

treatment ef  the sweet  suppressing  agent.  Therefore, the

positive peak  P2 is considered  to be the response  of the

sweet  stimulus.  The  optimal  number  of evoked  potentials
for average  is eight  for all the subjects  as  shown  in the

example  in Fig. 4. The pesiLive peak Pl existed  at

approximately  50 ms  and  it is hrespective of the treatment

of the sweet suppressing  agent.  The peak Pl is considered
in the study  to be the response  of the touch sense  of  the

solution. The  elucidatioR  of  the origin  for the peaks Pl and

P2 means  that response  of  the touch sense  is faster than

the response  of the taste sense  when  the taste solution  is

given on  the iimervation area  of the chorda  tympani  nerve

of tongue. The peak P2 for the taste stimuli, except  for the
sweet  stimuli, was  not  affected  by the extract  of GS. The
results  are  shown  in Fig. 5, and  the meaii  lateneies of  P2
for all the subjects  are  given in Ftg. 6. The  resultant  values

of the mean  and  the standard  deviation for the peak  P2

before the treatment of the gymnemate gum  containing

the extraet  of GS are as follows: 182 ± 47 ms  for bitter, 158
± 26 ms  for sour,  167 ± 34 ms  for salty, and  177 ± 42 ms  for
sweet.  The significant differences between the latencies
before and  after  the treatment  of  the gymnemate  gum
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Fig, 5 Examples of  typical evoked  potentials to the different taste solutions  according  to the four taste

  qualities. The evoked  potentials are  averaged  on  eight  responses  for the four taste qualities and

  control  solution,  The evoked  potentials, before and  after  treatment  with  guTn ehewing  for 1O minutes,

  are  shown.  The arrow  indicates the onset  ef  stimulation.

were  not  recognized  by the signMcant  level of 5% for taste
stimuli except  for the sweet  stimulus,  while  the peak  P2 for
the sweet  stimulus  vanished  after  the treatment with  the

gymnemate gum.
   In the next  place, the amplitude  of a peak (PA) of the

evoked  potential should  be described. The  amplitllde  was

defined as  the evoked  potential difference between the

peak  concerned  CPA) and  the neighbouring  peak (PB)
prior to the peak  (PA). Namely, the amplitude  ofapeak

was  obtained  as the evoked  potential difference for the
neighbouring  peaks  (Le., PA  and  PB). 

'As
 for the

amp!ttudes  of  the evoked  potentials P2 before and  after

the Lreatment of  gymnemate gum, the results were  shown

in Fig. 6. The signMcant  ditFerenee was  reeognized  only

for the sweet  substance.  The effect of gymnemate gum
to the evoked  potential is found in the first place in this
study.  As for the amplitude  of  Pl, which  was  obtained  to

be the potential difference between NO  (i,e., small  peak
prior to Pl) and  Pl, the amplitude  showed  the value

larger than 1 geV, The noise  level at approximately  50 ms
denoted the value  less thaR O.5 stV, so  that Pl could  be
distinguished from the potentials originated  by noise.

Discussion

On  the  latencies of g2Lseato7zl evoiced  potentials

   Funakoshi  and  Kawarnura C1968 and  1971) rneasured

the evoked  potentials induced by salty and  sour  tastes,

but not  by sweet  and  bitter tastes, Namely, the evoked

potentials for four taste qualities were  not  obtained  in
their studies.  They  reported  that the latencies of evoked

potentials obtained  were  spread  more  over  a wider range

of 500-1500 ms.  Koba] (1985) developed the apparatus
for gaseous taste stimulus  to remove  touch stimuli, and

he obtained  pure  taste stimulus.  He measured  the

evoked  petentials using  a  stimulus  with  a  rising  time
below 20 ms  and  a duration of 200 ms.  The obtained

latencies were  composed  of four major  componencs,  that

is, the positive peak  at  300 ms,  the negative  peak at 410
ms,  the next  positive peak  at  660ms, and  the next

negative  peak at  860 ms.  Although definite evoked

potentials were  obtained  by gaseous taste stimulus,  the

stimulus  did not  make  clear the definite number  of  taste

organs  stimulated  or  the definite innervation area  of  taste

organ  activated  by the gaseous stimulus.  Ikui (l988),
using  sophisticated  taste stimulation  that delivered a
taste solution  to a small  area  of the tongue  surface

innervated  by the chorda  tympani nerve,  described a
negative  evoked  potential (200-600 ms)  produced  by
solutions  of l M  NaCl. Maetani et  al, (1989) reported  a

triphasic wave  with a positive peak at 350 ms  and  two

negative  peaks at 200 ms'and  1000 ms  for a salty stimulus

of  10%  NaCl. They  determined that  the second  negative

peak  was  the response  eorrelated  to a  salty  stimulus.
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Fig. 6 Mean  values  and  the  standard  deviation (S.D,) of  (A)
  lateneies at P2 for the four taste qualities before and  aiter

  treatment with  a  sweet  suppressiiig  agent  and  of  (B) the
  amplitudes.  Before and  after  denote the latencies at  P2 before

  and  after  treatment  with  a  sweet  suppressing  agent.  No

  significant  differences between the tatencies at  P2 for the

  taste solutions  of  bitter, sour,  and  salty  substances  before

  and  after  treatrnent with  a  sweet  suppressing  agent  are

  indicated. As  for the sweet  stimulation,  the latency after

  treatment  with  a sweet  suppressing  agent  was  not  obtained.

  As for the am･ptttudes,  the sig]ificant differences for only

   sweer  substance  was  reeognized  by 1% significant  level.

Platting (i991) denoted that the influence of a  tactile

sense  to the tongue could  be removed  with the use  ofa

jet of distilled water  by the application  of the principle of

olfaetometer.  He  obtained  a lateney of 410  ms  ior a
negative  peak and  1200 ms  for a positive peak  for a salty

stimulus  of  1,2 M  NaCl,

   These authors  stated  above  reported  a long lateney

of mere  than  200 ms.  The reason  why  conventioRal

studies  have obtained  a longer lateney compared  with the

Iatency of  around  I80 ms  obtained  in our  study  js

explained  as follows: The taste soiution  was  eontrolled  by

means  of an  electromagnetic  valve  in the apparatus  for
the presentation of the taste solution.  The solution

passed through a long tube, and  it arrived  to the surface
of tongue, Though the time that taste soiution  was  given
was  considered  to be  the tlme of  the opening  the

electromagnetic  valve,  the correet  stimulus  time given
should  have been the moment  that  the taste sollltion

touched  the surfaee  of the tongue. There existeda  time

difference between the opening  time of the
electromagnetic  valve  and  the touching time of the taste
solutions on  the tongue. Therefore, the convent,ional

studies  usually  included the time lag for the dose of the

taste solution, and  they did not  give the correct  latency in
the response  for the taste solution  stirnulus. Reeently, a

new  technique  was  applied  using  a magnetic  field to

study  the gustatory evoked  potentials, and  the results

showed  a latency of Iess than 200 ms.  Murayama et al.

(I996) applied  this technique to a  taste solution  of  10%

glucose and  O.3 M  NaCl, and  they ebtained  the latency oi
150 ms  to 210 ms  as the respense  of the taste solutions.

   Kobayakawa et al. (1996) also reported  a lateney of
172 ms  fOr saccharin  by magnetoencephalography.  In our

study,  the amplitude  and  the latency of peak P2
depended on  the kind of taste qualities and  on  the

concentration  of  the ta$te solution  CMin and  Sakamoto,

1997), The arnplitude  did not  increase when  the

coneentratiens  exeeeded  eertain  value  when  the evoked

potential gives the maximum  amplitude,  (e.g., O,5 M  for

sodium-chloride).  Namely, the amplitude  showed  the

tendency  for the saturation  in the concentration  to

exeeed  a certain  value.  A  similar  result  was  reported  for
the visual evoked  potentials of PleO CKurita et al,, 1992).
The resultant  latency for P2 with the maximum  amplitude

in our  study  existed  in the range  150 ms  to 200 ms  as

shown  in Fig. 6. 0ur results  shew  the close  values

obtained  by the new  technique,

Evoked  potentials injZuenced  by the treatment  with  a

sweet  suppresszng  agent

   An electrophysiologieal  study  en  the sweet

suppressing  agent  was  first applied  to a  dog by Anderson

et al, (1950). They  gave the GS  extract  to the dog  and

then  they  investigated the response  of  the ehorda

tympani  nerve  after  dropping saccharln  alld  suerose

solutions,  It was  reported  that the responses  were

abolished  completely.  The study  in humans was  started

by Diamant et al. in 1965. The  complete  eliminations  of

the neural  response  to O,5 M  of  suerose  after  using  the

1%  GS  extraet  was  recognized  by  Diamant et al. (1965),
Borg et al. C1967), and  Zotterman (1971). The NaCl
solution, eitric acid, and  quinine-HCI, that is basic taste

qualities solutions  except  for sweet  stimulus,  did not
change  neural  response  after using  the GS extract.  They
studied  the change  of  neural  response  but did not  measure
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the evoked  potentia}s, so that both the lateney and  the

position on  the sensory  area  of  cortex  were  not  studied,

Kurihara (1969) studied  psychologieally the effect of a

sweet  suppressing  agent  with  the use  of a pure substance

of  gymiiema (GAAi) by a  sensory  test, The solution  with

the amount  of  1 × 10-4 M  GAAi suppressed  completely  the
sweet  taste of  O,3 M  of  sucrose  so]ution,  The 

'effeet

continued for 15 minutes just after taking the solution  of

GAAi solution,  Bartoshuk et  al. (1969) also reported  that
O.5 mgfml  gymnemie  acid  completely  depressed the

psychological response  to O,3 M  sucrose  in htrmans.

   Kobayakawa et al. (1996) measured  a  cerebral

magnetic  field using  an  apparatus  with taste stimulation.
In the experiment,  the subjects  chewed  gyrnnemate gum
containing  an  extract  of  GS fbr 15 minutes,  apd  then  they

took the taste substanee  containing  3 mM  of saccharin.  It
was  reeognized  that the magnetic  response  for the

saecharin  were  abolished  after  chewing  the gum  for 15

minutes. These studies  stated  above  by Diamant et  al.

Cl965), Borg et aL  (1967), Zotterman (1971), and

Kobayakawa et al. (1996) did not  investigate the peak  of

the evoked  potentials. In our  study,  the evoked

potentials before and  after  the treatment of gymnemate
gum  are  obtained  in Fig. 5, It was  found  that evoked

potential of P2 at approximately  180 ms  was  completely

abolished,  The  origin  of  the evoked  potential at

approximately  180 ms  was  recognized  as  the peak  for the
sweet  solution, The  effect  of the extract  of  GS  to other
taste qualities exeept  for sweet  (i.e., salty, sour,  and

bitter tastes) was  not  reeognized  in the peak potential at

approximately  150-200 ms.  The  determination of the

origin of P2 is found in the first plaee by thls study  with
the use  of the evoked  potential, As  for Pl at

approximately  50 ms,  the peak  was  comrnonly  measured

for both four taste qualities and  artifieiai saliva, Ishiko et
ai. C1980) reported  a Iatency of somatosensory  response

stimulated  by tapping the tongue in a human  using

surfaee  electrodes.  Their results  showed  the latencies in
the raiige  of 12.9 ms  to 47.8 ms,  so that the peak  Pl
obtained  in this study  is considered  to be the peak

produced  as  a  somatosensory  response,

Conclusions

   The evoked  potentials detected by the laser beam
device were  measured  for the solution  of  the four taste

qualities, The concentrations  of solutions  which  gave the
maximum  positive evoked  potentials at approximately

180 ms  were  selected.  Artificial saliva  was  used  as  a

control  solution.  In order  to discriminate, the positive
peak  in the range  of  less than  200 ms,  the sweet

suppressing  agent,  which  is the gymnemate  gum
containing  1% GS extract,  was  applied.  The influence of

the sweet  suppressing  agent  to the evoked  potential was

ehecked  by  measuring  the evoked  potential before and

after treatment with  the gymnemate guin.
1, The evoked  potentials for the solutions  of the four taste

  qualities have two  positive peaks at  approximately  50

  ms  and  180 ms  in the lateney range  of  less than 200 ms.

  These peaks are  ealled Pl and  P2. The  evoked  potential
  for the artdicial saliva is reeognized  at  only  one  positive

  peak  at approxirnately  50 ms,
2. The positive peak at  approximately  50 ms,  Pl,

  happened commonly  for the solutions  of the four taste

  qualities and  the artificial saliva, so this peak  is

  considered  to be a response  originated  by  the senses

  exeept  fOr the taste sense,  The main  faetor is estimated

  to be the touch sense  of a solution  given.
3. The positive peak  P2 at approximately  180 ms  fbr swect

  stirnulation  Csucrose O.1 M) was  investigated by

  applying  the sweet,  suppressing  agent.  After chewing

  the gymnemate gum  contaming  the 1% GS extract  fOr

  10 minutes,  it was  found that the peak  P2  was

  abolished,  so the peak with the lateney at approxirnately

  150 to 200 ms  can  be attributed  to the response  to taste

  stimulation.  The  effect  of the gymnemate  gum
  containing  the extract  of  GS  was  recognized  for the

  peak P2 until 30 mjiiutes  after the 10 rninutes  of gurn
  chewing  stopped.

4, The  positive peak  P2  for the solution  of taste qualities
  exeept  for the sweet  solution  was  not  affected  by the

  sweet  suppressing  agent,
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