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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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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. 
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Results. A large n u m b e r  of n e u r o n s  in t h e  v e n t r a l  
n e r v e  cord  were found  to  be  exc i ted  on  pho t i c  s t i m u l a t i o n  
of MP1R. Th i s  was  especial ly  e v i d e n t  w h e n  t h e  a c t i v i t y  
was r ecorded  f rom t h e  whole  connec t ives  (Figure  1). 
W h e n  t h e  responses  to  i l l u m i n a t i o n  of t he  M P R  were 
s i m u l t a n e o u s l y  r ecorded  f rom the  2 ha lves  of t he  ne rve  
cord  a t  a g iven  level, i t  was  e v i d e n t  t h a t  t he  ac t iv i t i e s  in 
t he  2 ha lves  v e r y  m u c h  cor respond  w i t h  each  o t h e r  an d  
t h e r e  was  cons iderab le  phase  r e l a t ionsh ip  (Figure 1). 
This  i n d i c a t e d  t h a t  t h e r e  m a y  be  para l le l  p a t h w a y s  
w h i c h  are exc i ted  s imul t aneous ly .  

Th i s  s imi l a r i t y  ill t h e  responses  f rom t h e  2 ha lves  of t h e  
n e r v e  cord  s t imu la t ed ,  t e s t i ng  t h e  poss ib i l i ty  of con t ra -  
l a t e ra l  s t i m u l a t i o n  of uni ts .  This  poss ib i l i ty  of s t i m u l a t i o n  
of u n i t s  in  one c o n n e c t i v e  b y  un i t s  in t he  c o n t r a l a t e r a l  
c o n n e c t i v e  was s tud ied  b y  s i m u l t a n e o u s l y  record ing  t h e  

J 
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Fig. 2. Arrangement of the recording electrodes (R1 to R3) to study 
the contralateral stimulation of units in the ventral nerve cord at a 
given level (A) and simultaneously at different levels (]3). 

responses  f rom t h e  a scend ing  un i t s  in  c o n t r a l a t e r a l  con- 
nec t ives  a t  d i f fe ren t  levels of t h e  ne rve  cord  (Figure 2 A). 
Thus  ac t iv i t i es  f rom t h e  lef t  3 -4  connec t ive  (upper  t race)  
a n d  t h e  r i g h t  4 -5  connec t ive  (lower t race)  were recorded  
a f t e r  sever ing  t h e  left  4 -5  connec t ive  a n d  t h e  an t e r i o r  
end  of t h e  lef t  3 -4  connec t ive  (Figure 3A). A b o u t  2 to  
3 un i t s  r e sponded  in t h e  lef t  3 -4  connec t ive  to  pho t i c  
s t i m u l a t i o n  of t h e  6 th  a b d o m i n a l  ganglion,  showing  t h a t  
these  uni{s receive t h e  exc i t a t i on  f rom t h e  pos te r io r  
c o n t r a l a t e r a l  (right) 4-5  connec t ive .  Similar ly ,  un i t s  in 
t h e  r i g h t  2-3  c o n n e c t i v e  (upper  t race)  r e sponded  to 
pho t i c  s t i m u l a t i o n  of" t h e  6 th  gangl ion  a f t e r  sever ing  t he  
r i gh t  3-4  c o n n n e c t i v e  an d  t h e  a n t e r i o r  end  of t h e  r i g h t  
2-3  connec t ive ,  showing  t h a t  t h e y  receive p h o t i c  i n p u t  
f rom t h e  pos te r io r  lef t  3 -4  connec t ive  (Figure 3 ]3). 

The  n u m b e r  of un i t s  in  a connec t ive  receiving exc i ta -  
t ion  f rom t h e  pos te r ior  c o n t r a l a t e r a l  c o n n e c t i v e  was 
co u n t ed  b y  isola t ing  single un i t s  b y  t ea s ing  t h e  connec-  
t i v e s  an d  record ing  t h e  responses  f rom i n d i v i d u a l  un i t s  
a f t e r  s imi lar ly  sever ing  t h e  pos te r io r  ips i la te ra l  connec t ive  
a n d  t h e  an t e r i o r  end  of t h e  connec t ive  f rom wh ich  t he  
responses  are  be ing  recorded.  I t  was  ev i d en t  f rom such  
s tud ies  t h a t  t h e  i n p u t  f rom t h e  M P R  crosses over  f rom 
one  side of t h e  v e n t r a l  ne rve  cord  to  t h e  o t h e r  side a t  
va r ious  levels (Table).  T h e  n u m b e r  of such  un i t s  receiving 
e x c i t a t i o n  f rom t h e  pos te r io r  c o n t r a l a t e r a l  connec t ives  
a p p e a r e d  to  be  g rea t e r  b e t w een  t h e  suboesophagea l  
gang l ion  an d  t h e  second gangl ion.  

W i t h  a s l igh t ly  d i f fe ren t  a r r a n g e m e n t  of t h e  record ing  
e lect rodes  (Figure 213), t h e  i n p u t  f rom t h e  M P R  was 
also obse rved  to cross ove r  s equen t i a l l y  more  t h a n  once 
in t h e  successive gangl ia ,  in t h a t  t h e  a scend ing  un i t s  
which  receive exc i t a t i on  f rom t h e  pos te r ior  c o n t r a l a t e r a l  
un i t s  in  t u r n  exci ted  un i t s  in t h e  an t e r i o r  c o n t r a l a t e r a l  
connec t ive .  Th i s  suggests  t h a t  t he re  is ex tens ive  ramif i -  
ca t ion  of u n i t s  in t h e  v e n t r a l  n e r v e  cord  a n d  d ivergence  
of pho t i c  i n p u t  f rom MPR.  

Discussion. The  p r e s en t  i nves t i ga t i on  d e m o n s t r a t e s  
the  presence  of a ladder - l ike  ne rve  cord  ill scorpion  where  
t h e r e  are chances  of wide c i rcu la t ion  of impulses.  Thus  
t h e  a scend ing  un i t s  in  a connec t ive  were found  to  exci te  
t h e  c o n t r a l a t e r a l  a scend ing  un i t s  in the  cord  an te r io r ly ,  
ill add i t i on  to  exc i t ing  t h e  ips i la te ra l  uni ts .  These  con t ra -  
l a te ra l  un i t s  in  t u r n  were found  to exci te  o the r  con t r a -  
l a te ra l  un i t s  as well  as ips i la te ra l  un i t s  h ighe r  in t h e  n e r v e  
cord. T h u s  t he re  is ex tens ive  d ivergence  of t h e  pho t i c  
i n p u t  f rom t h e  m e t a s o m a ,  i nvo lv ing  t h e  inf luence  of 
a c t i v i t y  in a large n u m b e r  of c en t r a l  un i t s .  

The  cross ing over  of t h e  pho t i c  i n p u t  f rom one side of 
t h e  v e n t r a l  ne rve  cord  to  t h e  o t h e r  side m a y  be  due  to  
two  reasons :  t h e r e  m a y  be  synap t i c  exc i t a t i on  of t he  
c o n t r a l a t e r a l  un i t s  or i t  m a y  be  due  to  t h e  crossing over  
of f ibres t h e m s e l v e s  across t h e  ganglia .  Thus ,  t h e  un i t s  
in  t h e  left  3-4  connec t ive  a n d  t h e  r i g h t  '2-3  connec t ive  
(Figure 3) m a y  be  e i the r  s y n ap t i c a l l y  a c t i v a t e d  in t h e  4 th  
an d  3rd gangl ia  respect ive ly ,  or t he re  m a y  be  un i t s  wh ich  

Fig. 3. A) Responses from units in 
the left 3 4 connective (upper 
trace) and the right 4-5 connective 
(lower trace). 
B) Responses from units in the 
right 2-3 6onnective (upper trace) 
and the left 3-4 connective (lower 
trace). The units in the upper 
traces of the two records receive 
excitation from posterior contra- 
lateral connectives. The 6th ab- 
dominal ganglion was photically 
stimulated. Calibration: 0.5 see. 
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Number of units receiving excitation from the posterior eontralateral connectives at different levels of the ventral nerve cord on photie 
stimulation of the 6th abdominal ganglion. 

Direction of crossing over of 
the photic input 

From To 

No. of preparations examined Mean No. of units 
(Values corrected to the nearest 
whole number) 

Maximum No. of units observed 
in a preparation 

Connectives 
Left 5-4 Right 4-3 14 6 8 
Left 4-3 Right 3-2 14 5 7 
Left 3-2 Right 2-1 18 3 6 
Left 2-1 Right 1-SOG ~ 16 2 4 

Right 5-4 Left 4-3 14 5 8 
Right 4-3 Left 3-2 14 6 8 
Right 3-2 Left 2-1 16 3 6 
Right 2-1 Left 1-SOG a 14 4 6 

Left 5-4 to Right 4-3 to Left 3-2 12 2 5 
Right 5-4 to Left 4-3 to Right 3-2 12 3 4 

Suboesophageal ganglion. 

cross over  f rom one side of the  nerve  cord to  t he  other.  
Such a d i s t r ibu t ion  of fibres, whe reby  t h e y  t rave l  across 
a ganglion and en te r  the  n e x t  con t ra la te ra l  connect ive,  
has  been descr ibed  in the  nerve  cord of scorpion a. But ,  in 
the  p resen t  examples ,  the  responding  uni ts  in t he  two 
cont ra la te ra l  connect ives  did no t  resemble  each o ther  in 
spike character is t ics ,  and the re  was no s t r ic t  correspon-  
dance  be tween  the  ac t iv i ty  in t he  two  connect ives .  This 
suggested t h a t  the  uni ts  in the  anter ior  cont ra la te ra l  
connect ives  are synapt ica l ly  ac t iva ted  in t he  in te rmedia te  
ganglia even t hough  the  a l t e rna te  possibi l i ty  in o ther  
cases is no t  a l toge ther  ruled out.  Similar exci ta t ion  of 
cont ra la te ra l  uni ts  by  tact i le  af ferents  and  divergence of 
tact i le  inpu t  has  been d e m o n s t r a t e d  earlier in scorpion 5. 

The decrease in the  f requency  of cont ra la te ra l  exci ta-  
t ion  an te r io r ly  indicates  t h a t  there  m a y  be d ropp ing  off 
of t he  sensory  inpu t  f rom the  metasoma.  I t  m a y  also 
m e a n  t h a t  the re  is g rea te r  convergence of uni ts  anter ior ly.  
This  is fu r the r  suppor t ed  b y  the  ana tomica l  studies,  
where in  the  n u m b e r  of f ibres in t he  connect ives  were 
found  to  decrease in the  pos te ro-an te r io r  d i rect ion in t he  
ven t r a l  nerve  cord of scorpion 4. 

4 K. S. BABU and S. A. T. VEIqKATACItARI, J. Anim. Morph. Physiol. 
13, 22 (1966). 

5 p. SANJEEVA REDDY and K. PAMPAPATHI RAO, J. exp. Biol. 53, 
165 (1970). 
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Summary. The to ta l  fluid up take  of ever ted  sacs of r a t  j e j u n u m was compared  in animals  killed by  s tunn ing  and  
decapi ta t ion ,  or anaes the t i sed  wi th  ether.  F lu id  t r a n s p o r t  was s ignif icant ly  h igher  in the  t issue p repa red  f rom s tunned  
and  decap i t a t ed  animals .  I t  is suggested t h a t  e ther iza t ion  m a y  have  adverse  effects  on the  physiological  v iabi l i ty  of 
subsequen t ly  isolated tissues. 

Despi te  t he  widespread  use of in vi t ro  in tes t ina l  prep-  
ara t ions  the re  appears  as y e t  to  be l i t t le  s t anda rd i za t ion  
of technique .  The shor t  s t u d y  descr ibed herein  was under-  
t aken  in order  to  decide be tween  two a l t e rna t ive  me th o d s  
of an imal  sacrifice, e ther izat ion,  and  s tunn ing  and decapi-  
ta t ion ,  pr ior  to  t he  p repa ra t ion  of ever ted  sacs. Fluid 
absorp t ion  was chosen as a conven ien t  index  of s t ruc tura l  
v iabi l i ty  as i t  is t h o u g h t  to  occur as a corol lary of ac t ive  
solute t r a n s p o r t  a t  t he  mucosal  surface ~. 

Methods. Male Wis t a r  ra t s  of 180-210 g b o d y  we igh t  
were allowed Water ad l ib i tum b u t  were depr ived  of food 
(Heygates  41B) for abou t  18 h overn igh t  before use. 
Animals  were sacrificed by  2 methods .  

1. Etherization. The ra t  was placed on the  meta l  grid 
of a glass vacuum-des icca tor ,  t he  lower sect ion of which  
was  filled wi th  a q u a n t i t y  of co t ton  wool soaked in di- 

e thy l  e ther .  As soon as the  animal  lost  consciousness i t  
was r emoved  f rom the  kill ing jar, the  a b d o m e n  was  
opened w i t h  a mid- l ine incision and  the  ent i re  smal l  
in tes t ine  was r emoved  b y  severing i t  a t  t he  duodenal -  
je junal  flexure, and  a t  t he  ileo-caecal junct ion.  The 
an imal  was then  killed by  decapi ta t ion .  

2. Stunning and decapitation. The ra t  was placed gent ly  
on the  surface of a l abo ra to ry  stool w i th  a m i n i m u m  of 
d is turbance .  Af te r  a few sec the  animals  was swung sud- 
denly  b y  the  tai l  and  s tunned  wi th  a single b low agains t  

1 Present address: Department of Zoology, Westfield College, 
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J. lV[. DIAMOND and W. H. BOSSERT, J. gen. Physiol. 50, 2061 
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