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Summary. A techn ique  for mak ing  a double-barre l led  PO, -microe lec t rode  is descr ibed.  I t  has  b e e n  used to  measure  
s imul taneous ly  the  t i ssular  PO, -  and the  bioelectr ical  ac t iv i ty  in t he  re t ina  and  the  bra in  cortex.  

To record rap id  or localized changes  in oxygen  tens ion  of 
a t issue,  i t  is o f ten  des i rable  to use a PO~-electrode wi th  a 
t ip  only  a few ~tm in d iameter .  In  some tissues, such as the  
brain,  the re  occur ext racel lu lar  DC-poten t ia l  changes  
which  m a y  al ter  the  polar iz ing vol tage  and t h e r e b y  the  
po la rographic  current ,  since P t -mic roe lec t rodes  have  
cur ren t -vo l t age  curves w i th  no t rue  p la teau.  The a r te fac t  
can  be avoided  if the  cu r ren t  reference electrode is p laced 
very  close to  the  t ip  of t he  P t -e lec t rode  3. An a l te rna t ive  
m e t h o d  consis ts  of d iv id ing  the  PO~-reference sy s t em 
into  a current - f ree  microe lec t rode  close to the  Pt-elec-  
t rode,  and  a cu r ren t - ca r ry ing  macroelec t rode  a t  a r emote  
inac t ive  point .  The cur ren t - f ree  microelec t rode  is con- 
nec ted  to  a vol tage-fol lower  whose ou tpu t ,  the  local bio- 
electric po ten t ia l ,  is used  as t he  reference for t he  polar iza-  
t ion  vol tage.  In  this  way, the  vol tage  be tween  the  P t - t i p  
a n d  the  border ing  t issue is c l amped  to  a c o n s t a n t  value 3. 
The p re sen t  paper  descr ibes  a t echn ique  for combin ing  

the  P t -e lec t rode  and  the  cur ren t - f ree  reference electrode 
in a double-barre l led  microelec t rode  t h a t  works on the  
same principle  b u t  is easier to  use. 
Materials and method. The t ip  of a P t -wi re  (Pt  90% + 
I r  10%) was e t ched  b y  conven t iona l  t echn iques  4 to the  
form shown in figure 1 B, so as to  f i t  into the  t ape r  of the  
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Fig. 1. Method for construction of the PO~-microelectrode. A The 
micropipette pulled from a capillary of 'theta' glass. Pieces of wax 
have been inserted in one barrel. B The Pt-wire etched to fit in the 

micropipette. C Insertion under microscopic observation of the 
Pt-wire down one barrel of the mieropipette. The pieces of wax are 
melted by a heating coil. D Section through the tip of the finished 
electrode after bevelling. 
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Fig. 2. Experimental application of a double-barrelled PO~-micro- 
electrode. A Simultaneous recording of local PO~- and extra- 
cellular receptor potential (RP) following 50 msee flash light 
stimulation (S) of the honeybee drone retina. B Change of local 
PO 2- and DC-potential (DC) during a spreading depression in the 
cerebral cortex of the rat. The wave is selected from a series of 
repeated ones caused by placing a KCl.-erystal on the cortical surface 
(e.g. see Lehrnenkiihler et al.6}. 
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insulat ing micropipet te .  A micropipe t te  was pul led f rom 
borosil icate ' t he ta '  capi l lary  (Hilgenberg Glas, D-3509 
Malsfeld, Federa l  Republ ic  of Germany)  wi th  a hor izonta l  
pul ler  (Narishige) using low hea t  and a s t rong pull  in 
order  to ob ta in  a t ip  of about  1.5 ~m and a short  taper.  
A few small  pieces of e lephant  wax  (m.p. 100~ were 
dropped  down one barrel  so as to lodge a t  the  beginning 
of the  t aper  (figure 1 A). The  micropipe t te  was placed on 
the  stage of a microscope and a spiral  hea t ing  e lement  
(Pt  50% + I r  50%) was posi t ioned over  the  t ip  as shown 
in figure 1 C. W i t h  a m i n i m u m  of heat,  the  wax  was mel ted  
so t h a t  i t  f lowed to the  t ip  of the  barrel  bu t  did no t  enter  
the  o ther  barrel .  Using, as a guide, a small  funnel  made  
f rom a Pas teur  pipet te ,  the  Pt -wire  was advanced  down 
the  barrel  wi th  a micromanipula tor .  The  wax  was then  
resoftened and the  P t -wire  pushed to the  ex t reme  t ip  of 
the  micropipet te .  Next ,  the  electrode t ip  was bevel led on 
a plate  of 0.3 ~m rugosi ty  (Stghli,  CH-2542 Pieter len,  
Switzerland) wi th  the  P t -con ta in ing  barre l  lowermost  to 
make  a bevel  2-3 [zm wide (figure 1 D). The  back  of the  
o ther  barre l  was broken for 2-3 m m  backwards,  filled 
wi th  Ringer ' s  solut ion and a Ag-AgCl-wire  introduced.  
The  wires were sealed in wi th  wax, and the  electrode was 
then  ready  for use. Expe r imen t s  showed t h a t  i t  is not  
necessary to cover  the  t ip  wi th  a membrane ,  a l though 
technica l ly  this  is feasible. The electr ical  set-up used for 
the  mic roamperomet r i c  measuremen t  of PO,  and the  
s imul taneous  recording of the  bioelectr ical  a c t i v i t y  
reference barrel  has been described a. 

Results and discussion. W h e n  immersed  ill an air-equil i-  
b ra ted  Ringer ' s  solut ion and polar ized by  - -600  mV, 
these PO2-microelectrodes passed currents  of 20-160 pA 
(20 microelectrodes).  The  cur ren t  was fair ly stable over  
several  days (~: 10 pA m a x i m u m  varia t ion)  even if the  
microelectrode was kep t  immersed  in Ringer  or  used 
repea ted ly  in exper iments .  We a t t r i bu te  this s tabi l i ty  to : 
a) the  hydrophobic  proper t ies  of the  wax  insulat ion in 
the  t ip ;  b) the  well-defined geomet ry  of the  exposed 
surface of the  Pt,  p roduced  by  the  bevel l ing;  c) the  ab- 
sence of a membrane  whose a l te ra t ion  dur ing exper iments  
or over  days  of s torage in wate r  could cause a change in 
Oz-current.  
F igure  2 shows examples  of the appl icat ion of electrodes 
in 2 different  exci table  tissues, the  re t ina  of the  honeybee  
drone and the  cor tex  of the  ra t  brain.  The  bioelectr ical  
a c t i v i t y  was recorded s imul taneous ly  by  the  reference 
barrel.  In  conclusion, a double barrel led POa-microelec- 
t rode  has been developed tha t  permi ts  accura te  and 
reproducible  measurements  of PO,-var ia t ions ,  and simul- 
taneous  recording of bioelectr ical  ac t iv i ty  in exci table  
tissues. 
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Summary. Elect r ica l  a c t i v i t y  recorded f rom the  la tera l  lobe of the  visceropar ie ta l  ganglion in the  scallop Pecten  ziczac 
reflects p redominan t ly  the  visual  response to onset  of l ight  s t imulat ion,  suggest ing t h a t  shadow reflex mechanisms 
l ikely occur elsewhere wi th in  the  centra l  nervous  system. 

Act ion potent ia ls  recorded f rom the  opt ic  (pallial) nerves  
of the  scallop and re la ted lamel l ibranch molluscs appear  
in response to bo th  the  onset  and t e rmina t ion  of a l ight  
s t imulus  ~-4. These funct ional ly  dis t inct  responses arise 
f rom separa te  re t inal  layers of the  eye ~-s. Depolar iz ing 
receptors  in the  p rox imal  re t ina  produce the  'on '  response 
whereas  hyperpolar iz ing receptors  in the  dis tal  re t ina  are 
inhibi ted by  l ight  and produce  the  'off '  responseL A 
mechan ism in which p r ima ry  visual  receptors  indepen-  
den t ly  t r igger  ac t iv i ty  signaling a decrease in l ight  inten-  
sity, i.e., an  'off '  response no t  dependen t  on peripheral  
synapt ic  interact ions,  appears  to be unique  to b iva lve  
molluscs 8, s. 
Shadow response reflex behav ior  has evolved  to va ry ing  
degrees in near ly  all bivalves.  In  the  scallop, this  response 
is bel ieved to be the  direct  resul t  of 'off '  fibre discharges a, 9 
since images are formed only  on the  dis tal  re t ina  and since 
'off '  fibre ac t i v i t y  corresponds wi th  the  shadow reflex. In  
the  present  exper iments ,  visual  responses have  been re- 
corded in the  v isceropar ie ta l  gangl ion as well  as in the  
opt ic  nerves.  
Methods and materials. Sand scallops, Pecten ziczac, were 
collected f rom Har r ing ton  Sound, Bermuda ,  and kep t  in 
c i rcula t ing na tu ra l  seawater .  A semi- in tac t  scallop prepa-  
ra t ion  was used in which only  the  lower (right) va lve  was 

removed.  In  P. ziczac, mos t  of the  pal l ial  eyes are con- 
ta ined  in the  upper  mant le .  The visceropar ie ta l  gangl ion 
and pal l ial  nerves were exposed on the  ven t ra l  surface of 
the  adduc tor  muscle. Ganglionic and pal l ial  nerve ac t iv i ty  
was recorded extracel lular ly,  using e i ther  suct ion elec- 
t rodes  or wire hooks insulated wi th  oil11, amplified, and 
f i lmed di rec t ly  f rom an oscilloscope. The  l ight  s t imulus  
(max imum in tens i ty  19.5 W / m  S a t  3 cm) was del ivered 
th rough  a fibre optic  l ight  pipe and moni tored  by  a photo-  
cell. Animals  wdre ini t ia l ly  da rk-adap ted  for 10 min  and 
then  subjected to sequences of on-of f  l ight  st imuli .  Fol-  
lowing 30 sec of l ight  adapta t ion ,  sequences of of f -on 
st imuli  were then  presented.  All exper iments  were con- 
duc ted  a t  20 ~ 
Results and discussion. The  following da ta  are represen- 
t a t i ve  of the  results  ob ta ined  f rom exper iments  on 33 
animals.  S imul taneous  recordings f rom the  pal l ial  nerve  
and the  la teral  lobe of the  ganglion are i l lustrated in 
figure 1. Fol lowing dark  adap ta t ion  (A), both  'on '  and 
'off '  discharges appear  in the nerve.  Ac t iv i ty  in the  
ganglion, however ,  is associated exclusively wi th  'on '  
responses in the  nerve.  Af te r  l ight  adap ta t ion  (B), the  
'on '  response in the  optic  nerve  is diminished along 
wi th  an increase in l a tency  whereas the  'off '  response is 
po ten t ia ted  : response f requency  and dura t ion  increase, 


