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The a m m o u n t  of reducing sugars p roduced  due to  
inver tase  ac t iv i ty  increased l inear ly  w i th  the  incuba t ion  
per iod and enzyme concen t ra t ion  up to  a cer ta in  l imi t ;  
t he rea f t e r  t he  ac t iv i ty  of t he  enzyme  was re ta rded .  
HORIE12, K H A N  and  FORDls and  SRIVASTAVA and  
AUCLAIR It also no ted  similar  dec rease  in t he  ra te  of 
reac t ion  of the  gut  inver tase  of Bombyx mori, Dysdereus 
/asciatus and Acyrthosiphon pisum respect ively.  This drop  
was due to the  inh ib i t ing  effect  of t he  end p roduc t s  of 
sucrose hydrolysis .  Usual ly  th is  does no t  h a p p e n  in vivo, 
since the  monosacchar ides  p roduced  in the  sys t em are 
s imul taneous ly  absorbed.  Bu t  under  abnorma l  condit ions,  
when  the  flies are forced to  feed on sucrose alone, the  
p h e n o m e n o n  m a y  be an i m p o r t a n t  measure  to  check 
hyperg lycaemia .  

Inve r t a se  ac t iv i ty  was m a x i m u m  in the  femal  flies and 
m i n i m u m  in the  larvae (Figures 1 and 2). The ab i l i ty  to  
digest  sucrose is ve ry  low in the  larvae, since t h e y  do no t  
need ca rbohydra t e s  for g rowth  and  development15,16. 
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Summary. Admin i s t r a t i on  of small  doses of L-DOPA (10 and  20 mg/kg) resul ted  in reduct ion  in ampl i tude  of phot ica l ly  
evoked responses in t he  p r i m a r y  visual, association,  and  cerebellar  ve rma l  cortices, while large doses (40 and  80 mg/kg) 
p roduced  enhancemen t .  

In  our  previous  s tudy,  modif ica t ion  of visual, audi tory ,  
and somatosensory  evoked responses  by  electrical s t imula-  
t ion  of t he  subs t an t i a  nigra  was d e m o n s t r a t e d  3. Since 
recen t  h i s tochemica l  expe r imen t s  ~ revealed dopaminerg ic  
p a t h w a y s  f rom the  subs t an t i a  nigra to  the  neos t r i a tum 
(caudate nucleus and  pu tamen) ,  in th is  s t u d y  we inves-  
t iga ted  effects of several  doses of L-DOPA (L-3,4-di- 
hydroxypheny la l an ine ) ,  precurser  of dopamine ,  on phot i -  
cally evoked responses in t he  p r i m a r y  visual, associat ion,  
and  cerebellar ve rmal  cortices.  

Methods. The expe r imen t s  were carr ied ou t  on 20 
adul t  cats.  A t r a c h e o t o m y  was pe r fo rmed  on each ca t  
under  e the r  anesthesia .  The animal  was then  placed in a 
s te reotaxic  f rame under  artificial  respi ra t ion  and  im- 
mobil ized wi th  gal lamine t r ie th iodide .  All pressure  poin ts  
and  wound  edges were in f i l t ra ted  wi th  2% procaine.  The 
left pupi l  was di la ted wi th  a t ropine ,  and  the  r igh t  eye 
was shaded  wi th  a th ick  b lack v inyl  wrapper .  The ca t  
r emained  in a semi-dark  room, and recording was begun  
several  hours  later.  Silver ball  e lect rodes  were placed on 
the  r igh t  p r i m a r y  visual  area (lateral gyrus),  r igh t  asso- 
ciat ion area (middle suprasy lv ian  gyrus) and  midl ine  
vermis.  The indi f ferent  e lectrode was placed on the  f ronta l  
sinus. 60 f lashes a t  0.5 t-Iz were  p resen ted  by  a xenon  

f lash l amp facing the  eye a t  a d is tance  of 80 cm. Responses  
of t he  bra in  were  amplif ied by  an E E G - m a c h i n e  or an  
oscilloscope, and  recorded onto  FM tape .  For  each cat,  
5 selected good responses and e i ther  30 or 50 of 60 - 
excluding those  in which basic waves  were ex t r eme ly  
variable or a r t i fac ts  appeared  - were  averaged wi th  a 
computer .  These were v i r tua l ly  t he  same in waveform.  
Averaged responses  were p h o t o g r a p h e d  and  read ou t  on 
an X - Y  plot ter .  

A t  f i rs t  3 contro l  records were ob ta ined  before ad- 
min i s t ra t ion  of L-DOPA. In j ec t ion  of the  drug was 
followed by  recordings  every  5 mill for the  f i rs t  40m in, 
and then  every  10 min for the  following 80 min. The 20 
cats  were d iv ided in to  4 groups. To each group of 5 cats  

1 Present address: Department of Clinical Laboratory, Kyoto 2nd 
Red Cross Hospital, Kamanza-dori, Marutamaehi-agaru, Kami- 
gyo-ku, Kyoto, Japan. 

2 Acknowledgment. We thank Prof. K. KURIYAMA and Sr. M. 
McCORMICK for their help. 

3 I. KADOBAYASHI and M. NAKAMURA, Experientia 30, 260 (1974). 
4 N.-E. ANDI~N, A. DAHLSTROM, K. FUXE, K. LARSSON, L. OLSON 

and U. UNGERSTED% Acta physiol, scand. 67, 313 (1966). 

s s I �9 

C 15 30 50 70  
Fig. 1. A) Photically evoked responses in 
the primary visual cortex. C presents the 
control record prior to L-DOPA injection. 
The numbers indicate time in rain after 
i.p. administration of the drug. The upper 
row shows effects of 20 mg/kg L-DOPA on 
the average response to 5 flashes, and the 
lower row effects of 40 mg/kg L-DOPA on 
the average response to 30 flashes. Flashes 
were given at the beginning of the sweep. 
Negativity recorded upwards. Calibrations: 
100 ~xV, 100 reset. 
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L-DOPA (Sankyo ;  Dopas ton )  was g iven  i.p. in aqueous  
so lu t ion  of 10, 20, 40 a n d  80 mg/kg,  respect ive ly .  

Results. Afte r  a d m i n i s t r a t i o n  of L-DOPA,  changes  in 
p h o t i c a l l y  evoked  responses  were observed ,  b u t  t h e y  
d e p e n d e d  u p o n  doses of t he  drug.  Namely ,  sma l l  doses of 
L-DOPA (10 a n d  20 mg/kg)  p roduced  r e d u c t i o n  in ampl i -  
t u d e  of t h e  responses,  b u t  large doses (40 a n d  80 mg/kg)  
p r o d u c e d  e n h a n c e m e n t  a t  f i rs t  a n d  s l igh t  r e d u c t i o n  later .  
E x a m p l e s  r ecorded  in t h e  p r i m a r y  v i sua l  a rea  are s h o w n  
in F igure  1, A. R e c o v e r y  cu rves  of t h e  response  a f t e r  
a d m i n i s t r a t i o n  of L-DOPA are as F igure  1, B. Measure-  
m e n t s  were m a d e  of a m p l i t u d e  f rom peak  of t he  p r i m a r y  
pos i t ive  c o m p o n e n t  to  t h a t  of t h e  succeed ing  p r i m a r y  
n e g a t i v e  c o m p o n e n t .  O r d i n a t e  shows  a m p l i t u d e  of t h e  
response  a f t e r  a d m i n i s t r a t i o n  of L-DOPA as pe rcen t age  
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Fig. t. B) Recovery curves of photically evoked responses in the 
primary visual cortex following administration of L-DOPA. The 
numbers indicate doses of the drug: namely, 10, 20, 40 and 80 mg/kg, 
respectively. Ordinate: Amplitude of the response after injection of 
L-DOPA as percentage of that of the control response. Abscissa: 
Time in rain after injection of the drug. The same graph is used in 
Figure 2, A and B. 

of a m p l i t u d e  of t h e  con t ro l  response.  Abscissa  ind ica tes  
t i m e  in m i n  a f t e r  in j ec t ion  of L-DOPA. The  n u m e r a l s  
10, 20, 40 a n d  80 r ep re sen t  doses of mg/kg,  respect ive ly .  

As seen in F igure  1, a f t e r  a d m i n i s t r a t i o n  of L-DOPA 
10 m g / k g  t h e  response  was r educed  in a m p l i t u d e  gradual ly ,  
r eached  a m i n i m u m  a f t e r  30 rain,  a n d  t h e n  recovered  
slowly. Soon a f t e r  i n j ec t i on  of 20 mg/kg ,  r e d u c t i o n  in 
a m p l i t u d e  was  less t h a n  t h a t  a f t e r  in j ec t ion  of 10 mg/kg,  
b u t  c o n t i n u e d  for a longer  t ime.  I n  con t ras t ,  a f t e r  in- 
j ec t ion  of 40 mg/kg ,  a m a r k e d  increase  of t he  response  
was visible.  A m p l i t u d e  r eached  a m a x i m u m  30 min  after ,  
a n d  t h e n  decreased  g radua l ly .  F ina l ly ,  a s l igh t  r educ t ion  
in a m p l i t u d e  cou]d be  seen f rom a b o u t  90 mil l  af ter .  
W h e n  t h e  dose app l ied  was 80 mg/kg ,  t h e  increase  of t h e  
response  appea red  sooner  t h a n  w h e n  i t  was  40 mg/kg,  
r e ached  a m a x i m u m  15 ra in  later ,  wh ich  was t h e n  s lowly 
reduced.  

The  t i m e  course  of t h e  r ecove ry  cu rve  for t he  associa- 
t i on  a rea  was s imi la r  to  t h a t  for t h e  p r i m a r y  v i sua l  area,  
b u t  changes  were less - a p p r o x i m a t e l y  ha l f  of those  in t h e  
p r i m a r y  v i sua l  a rea  (Figure  2, A). M e a s u r e m e n t s  were 
m a d e  of a m p l i t u d e  f rom peak  of t h e  p r i m a r y  pos i t ive  
c o m p o n e n t  to  t h a t  of t h e  fol lowing p r i m a r y  nega t ive  
c o m p o n e n t .  

The  t i m e  course  of t he  r ecove ry  cu rve  for t he  cerebel la r  
ve rmis  was  s imi la r  to  those  for t h e  p r i m a r y  v i sua l  a n d  
assoc ia t ion  areas,  b u t  changes  were m u c h  less - a b o u t  a 
t h i r d  of those  in t h e  p r i m a r y  v i sua l  a rea  (Figure  2, B). 
M e a s u r e m e n t s  were m a d e  f rom the  base l ine  to p e a k  of t he  
s e c o n d a r y  nega t i ve  c o m p o n e n t ,  w h i c h  was c o n s t a n t l y  
visible.  

Discussion. L-DOPA h a s  been  k n o w n  to  increase  
d o p a m i n e  of t h e  brainS,  t Mic ro ion tophore t i c  app l i ca t i on  
of d o p a m i n e  on to  c a u d a t e  n e u r o n s  resu l ted  in p r edom-  
i n a n t  i n h i b i t i o n  7-10, a n d  on to  l a t e ra l  gen icu la te  hen -  
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Fig. 2. A) Recovery curves of photically evoked responses ill the association area following administration of L-DOPA. B) Recovery curves o 
photieally evoked response~ in the eerebellar vermis following administration of L-DOPA. 
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rons it caused inhibi t ion 11. Bu t  recent ly ,  DAF~,Z and 
GILMAN 12 repor ted  e n h a n c e m e n t  of acoustic  evoked 
responses  in t he  cauda te  nucleus following admin is t ra -  
t ion of L-DOPA 100 mg/kg  in rats.  SABELLI et  al. la 
r epor ted  t h a t  L-DOPA doses of 20 and 50 mg/kg  de- 
creased the  ampl i tude  of the  fas t  posi t ive  componen t s  of 
the  phot ica l ly  evoked poten t ia l s  in rabbi ts ,  b u t  50 mg/kg  
of L:DOPA pre t r ea t ed  24 h before w i th  t e t r a e t h y l t h i u r a m  
disulfide (dopamine-f i -hydroxylase  inhibitor)  increased 
the  ampl i tude .  

In  this  s tudy,  we observed  reduc t ion  in ampl i tude  of 
visual  evoked responses af ter  admin i s t r a t ion  of 10 and 
20 mg/kg  of L-DOPA, b u t  e n h a n c e m e n t  soon af ter  the  
in jec t ion  of 40 and  80 mg/kg.  This  convers ion seems very  
interes t ing.  WACHTEL and I4~ANDEL 14' d e m o n s t r a t e d  a dual  
chemical  synapse  of Aplysia: an exc i t a to ry  receptor  wi th  
a low th resho ld  to  acetylchol ine  and  an inh ib i to ry  
receptor  wi th  a h igher  th resho ld  to  acetylcholine.  
CORRODI et  al. 15 repor ted  in te rac t ion  be tween  cholinergic 
and ca techolaminergic  neurons :  amine  t u rnove r  is s l ight ly  
reduced  in t he  te lencephal ic  dopaminerg ic  te rminals  and  
increased in t he  noradrenerg ic  t e rmina l s  by  the  ant i -  

cholinergic drugs. Thus,  the  synap t ic  t r a n s m i t t e r  can, 
on the  one hand ,  p roduce  a dual  effect,  and  on the  o the r  
hand ,  m a y  in te rac t  w i th  o ther  t r ansmi t t e r s .  

Differences in effect  of L-DOPA in recording sites are 
also wor th  a t ten t ion .  Namely ,  the  mos t  p r o m i n e n t  effect  
was seen in the  p r i ma ry  visual  area, modera t e  one in the  
associat ion area, and  sl ight  one in t he  cerebellar  vermis.  
This m a y  depend  on di f ferent  p a t h w a y s  f rom the  re t ina  to 
t he  recording site and  on the  chemical  t r a n s m i t t e r s  be-  
tween  them.  

In  any  case, the  evidence ob ta ined  in th is  s tudy-seems  
to suggest  compl ica ted  bra in  mechanisms,  and  fu r ther  
s tudies  are necessary  to explain  them.  
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C e n t r a l  C o u r s e  of  P h o t i c  I n p u t  in  t h e  V e n t r a l  N e r v e  C o r d  of S c o r p i o n  (Heterometrus fulvipes) 
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Summary. The course of t he  phot ic  inpu t  f rom the  m e t a s o m a  in the  ven t r a l  nerve  cord of scorpion was s tudied.  The 
inpu t  was found to influence the  ac t iv i ty  in a large n u m b e r  of neurons  in t he  nerve  cord. The p h e n o m e n o n  of cont ra -  
la tera l  s t imula t ion  of uni ts  a t  var ious levels of the  nerve  cord has been demons t ra t ed .  

Simple neural  pho to recep to r s  have  been  repor ted  in a 
wide va r i e ty  of animals,  and there  has been  a growing 
in te res t  in the  compara t ive  physiology of these  pho to -  
recep tor  sys tems.  During our  s tudies  on the  cent ra l  ner-  
vous  sys t em of t he  scorpion Heterometrus/ulvipes, i t  was 
observed t h a t  the  abdomina l  ganglia in t he  me t a s o ma  
and  the  telsonic nerves  of t he  an imal  are d i rec t ly  sen- 
si t ive to  light. The var ious  aspects  of t he  phys io logy  of 
these  me ta soma t i c  pho to recep to r s  (MPR) in scorpion are 
being s tudied  in our labora tory ,  and  some of our  f indings 
have  been  repor ted  earlier 2, ~. The p re sen t  s t u d y  was an 
a t t e m p t  to follow the  cent ra l  course of the  phot ic  i npu t  
f rom the  M P R  and  to  examine  the  p h e n o m e n o n  of con- 
t ra la te ra l  s t imula t ion  of uni ts  in the  ven t r a l  nerve  cord 
of scorpion. 

Methods. The tergal  plates  of the  m e t a s o m a  and  meso-  
soma were r emoved  and  the  ven t ra l  nerve  cord was 
exposed.  The electrical ac t iv i ty  was recorded in air f rom 
the  ven t r a l  nerve  cord connect ives  using p l a t i num hook 

electrodes.  A na r row b e a m  of l ight  f rom a t u n g s t e n  
f i l ament  microscope l amp f i t ted  wi th  a hea t - f i l te r  was 
used for pho t i c  s t imula t ion .  The convent iona l  electronic 
set  up used for the  s t u d y  consis ted of a Tek t ron ix  502A 
dual  b e a m  Oscilloscope, Grass P9 preampli f iers  and  Grass 
AM3 audiomoni tor .  A Grass C4 k y m o g r a p h  camera  was  
used for pho tog raph ing  the  electrical  ac t iv i ty .  
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Fig. 1. A) Responses from the left 
(lower trace) and the right (upper 
trace) 2-3 connectives to photic 
stimulation of the fifth abdominal 
ganglion. 
B) Responses from the left (lower 
trace) and the right (upper trace) 
i-2 connectives to photic stimu- 
lation of the sixth ganglion. The 
activity was recorded from the 
whole connectives. Note the phase 

relationship between the activity in the 2 halves of the cord in both A and B. Activity is superimposed on the light signal in the lower 
traces of A and B in this figure and in Figure 3. Calibration: 0.5 sec. 


