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P a r i e t a l  cor tex  and  b r a i n s t e m  were d issec ted  a n d  rap id-  
ly weighed  on  a R o l l e r - S m i t h  ba l ance  and  s u b s e q u e n t l y  
homogen ized  in 1.0 ml  of cold 0.3 N perchlor ic  acid con- 
t a i n i n g  1.0 m M  E D T A .  Af te r  cen t r i fug ing  a t  25,000 g~ 
30 min ,  t he  s u p e r n a t a n t s  were neu t r a l i zed  w i t h  3.0 N 
K H C O  a. 

The  i n t e r m e d i a t e s  glucose, g lucose-6-phospha te ,  lac ta te ,  
p y r u v a t e ,  ATP ,  ADP,  a n d  A M P  were m e a s u r e d  b y  t h e  
m e t h o d s  of LOWRY and  PASSONEAU 1~ The  Tab le  com- 
pares  t h e  n e t  levels of these  i n t e r m e d i a t e s  in  pa r i e t a l  
co r t ex  and  b r a i n s t e m  of an i m a l s  sacr i f iced b y  t he  two 
me thods .  An ima l s  sacrif iced b y  s u b m e r s i o n  in l iquid  
n i t rogen  or in 2 - m e t h y l b u t a n e  cooled to i ts  f reezing p o i n t  
w i t h  l iquid n i t rogen  h a d  s imi lar  m e t a b o l i t e  values,  a n d  
so these  con t ro l  d a t a  h a v e  been  pooled.  

No te  t h a t  t he  l a c t a t e  c o n c e n t r a t i o n  was found  to  be  
s ign i f i can t ly  lower in  b o t h  pa r i e t a l  cor tex  and  b r a i n s t e m  
of the  chopped  as c o m p a r e d  to the  s u b m e r s e d  animals .  
H ighe r  va lues  as m e a s u r e d  in t he  s u b m e r s e d  group  are 
assoc ia ted  w i t h  a n o x i a  due  to slow freezing of t i ssue  6. The  
levels of t he  o the r  m e t a b o l i t e s m e a s u r e d  were c o m p a r a b l e  
in n e w b o r n  r a t s  sacr i f iced b y  t he  two me thods .  

I n  th i s  s tudy ,  we h a v e  deve loped  and  v a l i d a t e d  a new 
a i r -d r iven  m u l t i - b l a d e d  gui l lo t ine  wh ich  r ap i d l y  sacri-  
fices n e w b o r n  ra ts ,  a n d  fixes t he i r  b ra ins  such  t h a t  

reg ional  s tud ies  are possible.  W e  h a v e  c o m p a r e d  com- 
m o n l y  m e a s u r e d  me tabo l i t e s  in an ima l s  sacrif iced b y  t he  
c o n v e n t i o n a l  submers ion  t echn ique ,  a n d  b y  t he  new 
chopp ing  me thod .  W e  f ind t h a t  on ly  lac ta te ,  t he  mos t  
labi le  i n t e r m e d i a t e  measured ,  was  s ign i f ican t ly  lower in 
an ima l s  sacr i f iced b y  t he  c h o p p i n g  m e t h o d .  Since the  
smal l  n e w b o r n  r a t s  h a v e  m i n i m a l  insu la t ive  skin and  
bone  cover ing  t he i r  b ra ins ,  s u b m e r s e d  an ima l s  freeze 
a lmos t  as r ap id ly  as t he  wafers.  Majo r  differences in t he  
levels of all  me t abo l i t e s  m i g h t  be expec ted  w h e n  compar -  
ing s u b m e r s i o n  vs. chopped  a d u l t  animals .  Modi f ica t ions  
to  t he  chopp ing  a p p a r a t u s  wh ich  will al low a c c o m o d a t i o n  
of a d u l t  r a t s  are c u r r e n t l y  be ing  made.  

The  m a j o r  a d v a n t a g e  of th i s  t e c h n i q u e  is t h a t  i t  
fac i l i t a tes  regional  s tud ies  in  n e w b o r n  rats .  Th in ,  f l a t  
coronal  wafers  are read i ly  dissected on d r y  ice in to  va r -  
ious a n a t o m i c a l  regions. I t  is also somet imes  a d v a n t a -  
geous to measure  b o t h  enzymes  a n d  me tabo l i t e s  on  t he  
same sample .  An a d v a n t a g e  of tile chopp ing  m e t h o d  over  
sacrifice b y  mic rowave  oven  is t h a t  enzymes  are n o t  
i nac t i va t ed .  

10 o. H. LowRY and J. V. PASSONNEAU, A Flexible System o/Enzym- 
atic Analysis (Academic Press, New York 1972). 

Technical  Note  About  S imul taneous  Recording of Oxygen Partial  Pressure  and Neuronal  Activity 
in Cat Cortex 

N. WIERNSPERGER, S. KUNKE 1 a n d  P. GYGAX 

Department o/ Basic Medical Research, Sandoz Ltd., CH-dO02 Basel (Switzerland)," and I I  Hessen-Klinih, Erbach im 
Odenwald (German Federal Republic, BRD),  27 November 1975. 

Summary. A m e t h o d  is descr ibed  for s i m u l t aneous  m e a s u r e m e n t s  of pO~ a n d  ac t ion  po t en t i a l s  w i t h  microe lec t rodes  
us ing  p r e f a b r i c a t e d  gold wires. The  c o n s t r u c t i o n  a n d  m e a s u r i n g  w i t h  such  gold e lect rodes  is easier  t h a n  w i t h  t r ad i t i ona l -  
ly used p l a t i n u m  electrodes.  Single e lect rode record ing  is done  w i t h  a special ly  a d a p t e d  e lect ronic  circuit ,  a l lowing t he  
s epa ra t i on  of b o t h  signals  (pO 2 a n d  ac t ion  po ten t ia l s .  A m e a s u r e m e n t  in ca t  b r a i n  i l lus t ra tes  th i s  p rocedure .  

I n  b r a i n  as in o t h e r  t i ssues  t h e  local pO 2, w h e n  mea-  
sured  on a microscale,  shows cons iderab le  spa t i a l  non-  
homogene i t i e s  d e p e n d i n g  on  t he  d i s t ance  f rom the  
n e a r b y  capil lar ies ,  pO 2 in those  capil laries,  and  02 
c o n s u m p t i o n  of t he  region u n d e r  inves t iga t ion .  The  
fol lowing m e t h o d  allows a d i rec t  d e t e r m i n a t i o n  of pO 2 
a n d  ac t ion  p o t e n t i a l s  (APs) s i m u l t a n e o u s l y  in the  r ange  
of i n t e r cap i l l a ry  d imens ions .  Th i s  requi res  a m i n i a t u r i z a -  
t ion  of t he  m e a s u r i n g  e lements ,  w h i c h  gives rise to  
c e r t a i n  p rob l ems  desc r ibed  in detai l .  

A) The gold microelectrode. 1. Construction. T he  con-  
s t r u c t i o n  of t h e  electrode,  based  on t he  pr inc ip le  p u b -  
l ished b y  ERDMANN ~, uses glass i n su la t ed  gold wires, 
m a n u f a c t u r e d  b y  t he  B a t t e l l e - I n s t i t u t e  ( F r a n k f u r t /  
Main,  Ge rmany) .  Af te r  c o n n e c t i n g  of t he  gold wire to  a 
copper  wire b y  a c o n d u c t i v e  adhes ive ,  i t  is t h r e a d e d  in a 
glass cap i l l a ry  so t h a t  i t  p r o t r u d e s  f rom t he  p e r i p h e r a l  
end  of t he  capi l lary.  To ensure  m e c h a n i c a l  s t ab i l i ty ,  b o t h  
wires  are f ixed a t  t he i r  r espec t ive  ends  of t he  glass w i t h  
Ara ld i t  A u  (Ciba-Geigy, Basel ,  Swi tzer land) .  T h e  
e lec t rode  t ip  is t h e n  a b r a d e d  obl ique ly  on  d i a m o n d  
paste ,  so t h a t  t h e  d i a m e t e r  of t he  t ip  is no more  t h a n  1-2 
am.  Th i s  al lows a good p e n e t r a t i o n  of t he  e lec t rode  in to  
t h e  t issue, w i t h o u t  gross d a m a g e  to  cel lular  s t ruc tures .  
F ina l ly ,  b y  d ipp ing  t he  t ip  in  a 2% polystyrol-CC14 
so lu t ion  a n d  f ix ing a t  70~ t h e  gold wire is coa ted  w i th  
an  02 p e r m e a b l e  m e m b r a n e .  T he  loss of s ens i t i v i t y  wh ich  

is of ten  obse rved  a f t e r  t he  a b r a d i n g  process  can  be  abo-  
l ished b y  e t ch ing  the  gold on  a l eng th  of a b o u t  20 ~xm in 
a KCN so lu t ion  a n d  new gi ld ing of t he  t ip  in  a gold 
chlor ide  b a t h  b y  app ly ing  50 n A  for 45 sec u n d e r  micro-  
scopic control .  

2. Physical parameters. Before  use, t he  phys ica l  pa ra -  
me te r s  of t he  e lect rodes  h a v e  to be  e x a m i n e d  to con t ro l  
t he  q u a l i t y  of b o t h  wire a n d  m e m b r a n e .  E x a m i n a t i o n s  
of po la rog raph ic  curves  conf i rm the  f ind ing  of o the r  
a u t h o r s  3 t h a t  t he  ' p l a t e a u '  lies be tween  700 a n d  1200 
mV. Therefore ,  we pe r fo rm  our  pO~ m e a s u r e m e n t s  a t  a 
vo l tage  of ( - -1000  mV) aga ins t  a s i lver-s i lver  chlor ide  
reference electrode.  A t  th i s  vol tage,  t he  pO 2 d e p e n d e n t  
c u r r e n t  cu rve  has  to  be l inear  a n d  t he  res idua l  c u r r e n t  
a t  zero O e t ens ion  ve ry  low. I t  is r e c o m m e n d e d  to a p p l y  
a 1V p o t e n t i a l  for 24 h before  use, t h u s  p e r m i t t i n g  a 
su i t ab le  s t ab i l i za t ion  of t he  electrode.  Tile c u r r e n t  is 
on ly  s l igh t ly  t e m p e r a t u r e - d e p e n d e n t  (0.03 nA/~ whi le  
i t  is n o t  af fected b y  p H  v a r i a t i o n s  in t he  physiological  

1 I I Hessen-Klinik, Erbach im Odenwald, German Federal Republic, 
BRD. 

2 W. ERDMA~ and S. KUNKE, in Advanced Experiments in Medi- 
cine and Biology (Eds. D. F. BR~LEY and H. I. BICHER; Plenum 
Press, New York 1973), vol. 37A, p. 261. 
H. METZGER, in Oxygen Supply (Ed. M. KESSLER; Urban & Schwar- 
zenberg, Miinchen 1973), p. 164. 
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range.  In  addi t ion ,  t he  r e sponse - t ime  to a m a x i m a l  
change  in pC 2 (from zero to  air  value)  is sho r t :  on t he  
average,  5 -6  sec are necessa ry  to  r each  95% of t he  max i -  
ma l  value.  The  s t i r r ing  -effect  on  t he  e lectrodes  is t e s t ed  
b y  b u b b l i n g  air  t h r o u g h  a NaC1 solut ion.  The  v a r i a t i o n  
of t he  O~ c u r r e n t  does no t  exceed 1% of t he  or ig ina i  
value.  Final ly ,  t he  qua l i t y  of t he  m e m b r a n e  coa t ing  is 
also t e s t ed  b y  d ipp ing  t he  e lect rode in a p ro t e in  solut ion,  
because  t he  measu r ing  c u r r e n t  m a y  be  af fec ted  b y  such  
subs t ances  in t he  t issue. No v a r i a t i o n s  are seen, p r ov ing  
the  i m p e r m e a b i l i t y  of t he  m e m b r a n e .  

3. Calibration. Po la rog raph ic  0 2 m e a s u r e m e n t  is, as is 
well known,  af fected b y  some error  sources, due to phys i -  

cal cha rac te r i s t i c s  of the  e lectrodes  as well  as to  p rob l ems  
specific to  measu r ing  in t issue.  Therefore ,  t he  ca l ib ra t ion  
m u s t  be  v e r y  s t r ic t ,  in  p a r t i c u l a r  a t  zero 0 2 tens ion .  W e  
found  t h a t ,  w i t h  t he  classic m e t h o d  of ca l i b r a t i on  in N 2- 
s a t u r a t e d  NaC1, t he  pC 2 of such  a so lu t ion  is of ten  m u c h  
h igher  t h a n  zero, wh ich  led us to  ut i l ize  a glucose- 
oxidase  solut ion,  cons is t ing  of a 20% glucose so lu t ion  in 
which  t he  ava i l ab le  0 2 will be  c o n s u m e d  b y  add i t i on  of 
g lucose-oxidase  (1,4 U/rag,  Merck  AG). W i t h  th i s  me thod ,  
one can  p r e p a r e  ampu l l a s  in  wh ich  t he  pOa r e m a i n s  be low 
0.5 m m  H g  over  severa l  weeks. The  ca l i b r a t i on  is ach ieved  
b y  d e t e r m i n i n g  t he  m a x i m a l  va lue  in a i r - equ i l i b r a t ed  
NaC1. 

real input of electr, capac. 
AC-amplifier [and "resistance' 

11 I 

DC-current- 
"~ . . . . .  I I to-voltage 

converter 
and 

T >  AC-preamplif. 

|Ag/AgCI 

r 3 

, I -  
I----I 

III--- 1 

I 
I 
I 
I 

AC-arnpl. insulat. I 
and f req . .  . ampl. and - ~ 1  AC 

fine tuning zero level OUT 
adjust. 

 0Cam0,1 
andleak I I . ~ r ' : ; ; ,  I I / DC 
current [ ~  f'(ne~unina ~ OUT 

Fig. 1. Electronic circuit for simultaneous pO 2 and APs measurements. 
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Fig. 2. Effect of hypoxia on pC 2 and APs in brain tissue. Note the calibration of the electrode before and after the experiment (along the pC2 
calibration scales). 
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B) The recording system. As shown above,  recording of 
pO 2 and APs mus t  be done a t  the  same electrode tip. 
Bo th  APs and pO 2 are low-level  measurements  which 
need high gain ampli f icat ion and a good signal-to-noise 
ratio.  I f  bo th  measurements  are done in one circuit,  the  
inpu t  amplif ier  should be a perfect  current  amplif ier  
wi th  ve ry  low serial resistance and, a t  the  same t ime,  a 
good AC-amplif ier  wi th  low noise ampl i f ica t ion (Figure 
1). The  whole electronic sys tem consists of 2 par ts :  one 
conta ining AC, DC ampl i f ie rs ,  potent iometers ,  meters,  
power  supply and insulat ion amplifiers,  and one other  
pa r t  conta ining the  preamplif iers,  which is instal led 
inside the  measur ing cage, near  to the  electrode holder. 
Since the  measured  values  m a y  be affected by  DC- 
potent ia ls  of the  brain, the  polar izat ion vol tage  is achieved 
by  a feedback-circui t  which keeps the  vol tage  cons tan t  
be tween  electrode and reference electrode, by  compar ing  
the  ac tual  value  wi th  a h ighly  stabil ized reference 
voltage.  The  difference be tween  these 2 values  m a y  
reach a m a x i m u m  of 100 ~xV. This  vol tage-drop  at  the  
preamplif ier  inpu t  is negligible, so t h a t  the  current  am- 
plifier has an ideal inpu t  resistance of a lmost  zero. Using 
F E T - i n p u t  amplifiers,  the  whole current  flows th rough  
the  feedback-circui t  and, by  ohmic  law, the  ou tpu t  
vol tage  of the  DC cur ren t - to-vol tage  conver te r  circui t  
is propor t ional  to the  current  in the polarographic  sys tem 
and the  ohmic  resistance in the  feedback circuit.  The 
capaci tance  of the  preampl i f ier  inpu t  is ex t remely  low 
(3pf), the  inpu t  resistance ve ry  high (1012 Ohm). This  en- 
ables 2 independen t  feedback circuits (for AC and DC) to 
be cons t ruc ted  in the  preamplif ier  wiring. Therefore,  the  
capaci tance  in the  inpu t  circui t  is low and stat ic  charges 
in the  polarographic  circui t  are avoided.  For  recording of 
APs  ( =  AC signal), the  preamplif ier  circuit  works as a 
low noise AC-amplifier .  H e r e b y  the  capaci tance  at  the 
electrode t ip  is included in the  wiring d iagram of the 

first  FET-ampl i f ie r .  The AC-amplif ier  needs the  elec- 
t rode  capac i ty  for stable working. For  this reason, the  
real inpu t  of the  AC-ampl i fy ing sys tem is the tissue- 
side surface of the  electrode membrane ,  and so the  length 
be tween  measur ing point  and AC-amplif ier  input  is 
zero. In  this way, APs  are recorded wi th  a good signal-to- 
noise ra t io  by  adjus t ing  the  gain of the  AC-amplifier.  
The  fol lowing stages of amplif iers  lead to a separat ion 
(by RC-coupling) into APs and pO~ channels.  In  bo th  
channels,  the  zero level  and the  ampli f icat ion can be 
adjusted.  Fo r  moni tor ing  of APs, an optoelectronic  l ight  
emi t t e r  (for visual  control),  an oscilloscope and loudspeak- 
ers are used. All  amplifiers are of course supplied by  a 
h ighly  stabil ized voltage,  while the  reference vol tage and 
the  power  supply  for the  preamplif ier  are separa te ly  
stabilized. The whole system is supplied by  2 high power  
18V accumulators ,  which are charged when the  system is 
switched off. 

C) Experimental application. In  Figure  2 a s imul taneous  
recording of pO 2 and APs  is shown, as obta ined  a t  a 
dep th  of approx ima te ly  500 ~zm in the  par ie ta l  cor tex  of 
cat  (body w e i g h t  2.7 kg, N e m b u t a l  40 mg/kg).  20 sec 
af ter  beginning of respi ra tory  hypox ia  (5% 03, 95% N~), 
the  pOe drops and no sign of neuronal  ac t iv i ty  is seen 
after  20 sec. Af te r  2 rain hypoxia ,  re turn  to air b rea th ing  
is accompanied by  a rapid increase of pO 2 which,  following 
a period of overshoot ,  re tursn to the  original  value  wi th in  
a few minutes.  The firing ra te  of the  neurons rises pro-  
gressively (Figure 2b) unt i l  i t  reaches the  values before 
hypoxia ,  according to the  findings of o ther  authors  4,5. 

a H. I. BIGHER, D. F. BRULEY, D. D. RENEAU and M. H. KNISLEY, 
in Bibliotheca Anatomica; Karger Verlag, Basel 1973), vol. 11, 
p. 526. 

5 S. KUNKE, W. ERDMANN and H. METZGER, J. appl. Physiol. 32, 
436 (1972). 

Formaldehyde-Sch i f f ' s  Reagent  as a Nuc leo lar  Stain 

S. GHOSH 

Chromosome Research Centre, Department o~ Botany, University o~ Calcutta, Calcutta 700079 (India), 7 October 7975. 

Summary. The use of formaldehyde-Schi f f ' s  reagent  as a nucleolar  stain has been described. Using different  digestion 
procedures,  i t  was confirmed tha t  the  stain is specific for R N A .  I t  can be sui tably  used as a nucleolar  stain, par t icular ly  
in p lant  mater ia ls  af ter  a short  TCA extract ion,  which p robab ly  ext rac ts  the  n o n b o u n d  RNA.  

The use of formaldehyde-Schi f f ' s  reagent  as a nucleolar  
stain was repor ted  in a previous communica t ion  (GHosH 1). 
In  p lant  mater ia ls  this procedure has dis t inct  advantages  
over  o ther  known methods.  In this note  the  specificity of 
the stain is presented.  

The stain is prepared by  adding di lute  formaldehyde  in 
drops to freshly prepared Schiff 's  reagent  (DE TOMASI, 
cited in PEARSE 2) ti l l  the  colour turns  deep pink. The  
s taining procedure has been described earl ier  (GHosI~l). 
Af te r  f ixation,  the  mater ia l  is t r ea ted  wi th  5% TCA at  
90 ~ for 3 rain, washed and stained in the  formaldehyde-  
Schiff 's  reagent  for 10-15 min, d i f ferent ia ted in 70% 
alcohol and squashed in a drop of 45% acetic acid. 

The  specifici ty of the  stain was inves t iga ted  in the  
Ehr l ich  mouse  ascites turnout  cells. Cell films were 
prepared and control  prepara t ions  were stained as above.  
In  some prepara t ions  the  TCA ext rac t ion  was omi t ted  
and the  normaI  staining procedure was followed. Dif- 
ferent  ex t rac t ion  procedures were as follows : 1. E x t r a c t e d  

in 10% perchloric acid at  4 ~  20 h. Washed  thoroughly  
in running water  before staining. 2. Some prepara t ions  
were t rea ted  wi th  RNase  (COI Wor th ing ton  13iochemicals) 
in phospha te  buffer (100v/ml, p H  7.2) for 2 h and stained 
as usual. 3. RNase  t rea ted  cells were ext rac ted  fur ther  as 
1. 4. Some prepara t ions  were t rea ted  wi th  DNase (free of 
RNase,  Serva) in phospha te  buffer  (1 mg/ml,  p H  7.2) 
conta in ing 0.003 M MgSO 4 for 20 h at  37~ 5. Others  
were ex t rac ted  wi th  pronase (Calbiochem) in phospha te  
buffer  (100?/ml, p H  7.2) for 2 h. 6. Some prepara t ions  
were t rea ted  wi th  5% TCA at  90~ for 25 min  to ex t rac t  
bo th  D N A  and R N A  and stained as usual. 

F igure  1 shows nucleolar  s ta ining in A. cepa root t ip  
cells. Figure  2 represents  cells in higher  magnif icat ion 
showing nucteotar details. Sta ining of nucleoli can be seen 

I S. GHOSH, Naturwissenschaften 67, 687 (1974). 
A. G. E. PEARSE, Theorctidal and Applied Histochemistry, 3rd edn. 
(Churchill, London 1968], vol. 1, p. 647. 


