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d e g e n e r a t i o n  in t he  nuc leus  re t icu la r i s  pon t i s  ora l i s  of 
spl i t  b r a i n  s t e m  cats.  T he  increase  of W and  D a n d  t he  
decrease  of SS d id  no t  r each  s t a t i s t i ca l ly  s ign i f ican t  
values .  Our  expe r imen t s ,  therefore ,  s u p p o r t  t he  h y p o t h -  
esis t h a t  t he  v e n t r o l a t e r a l  p o r t i o n  of nuc leus  re t i cu la r i s  
p o n t i s  oral is  ha s  a h y p n o g e n i c  func t i on  and,  as was  
p rev ious ly  r epo r t ed  2,8, t h i s  nuc leus  ha s  a n  a c t i v a t i h g  
func t i on  on  E E G .  
Resu l t s  show the  i m p o r t a n c e  of con t ro l l ing  exac t ly  the  
lesions p laced  a t  t he  level of t he  pons,  because  l i t t le  
changes  in t he  loca t ion  a n d  e x t e n t  of lesions p roduce  
qu i t e  d i f fe ren t  mod i f i ca t ions  of S~VC. Var i a t i ons  of SWC 
due  to lesions in t h e  v e n t r o l a t e r a l  a rea  of nuc leus  re t icu-  

laris p o n t i s  oral is  are d i f f e ren t  f rom modi f i ca t ions  found  
a f t e r  de s t ruc t i on  of i ts  do r somed ia l  p a r t  10; also modif ica-  
t ions  are d i f fe ren t  f rom those  "found w h e n  t he  nuc leus  
re t icu la r i s  pon t i s  cauda l i s  is a f f e c t e d n  or w h e n  t h e r e  are 
wide r  lesions a t  th i s  level  *. I t  is imprecise,  therefore ,  
to  speak  of f ind ings  a f t e r  lesion in t h e  p o n t i n e  t e g m e n t u m  
w i t h o u t  d e t e r m i n i n g  t he  s t r u c t u r e s  i nvo lved  in t he  lesion. 

10 F. Reinoso-Sugrez, Revta esp. Oto-neuro-oftal. Neurocirug. 
29, 111 (1971). 

11 J. o~. Zarranz and F. Reinso-Su~rez, in: Proc. 25th Int. Cong. 
Physiol. Sei., vol. 8, p. 315. German Physiol. Soc., Munich 1971. 
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Summary. A t h i n  f i lm gold e lec t rode  for  biological  oxygen  m e a s u r e m e n t  was  c o n s t r u c t e d  us ing  gold pas te .  Th i s  elec- 
t r ode  is easy  to  cons t ruc t ,  h a s  h igh  s ens i t i v i t y  a n d  is d i s t u r b e d  on ly  s l igh t ly  b y  b u b b l i n g  of t h e  s u r r o u n d i n g  fluid.  As 
a n  appl ica t ion ,  t h e  e lec t rode  was used to measu re  oxygen  c o n s u m p t i o n  of t he  skin  a n d  yie lded a r easonab le  value.  

I n  t h e  m e a s u r e m e n t  of b iological  oxygen  tens ion ,  3 
f u n d a m e n t a l  p e r f o r m a n c e s  are requ i red  for the  polaro-  
g raph ic  oxygen  e lec t rode ;  i.e. h i g h  sens i t iv i ty ,  r ap id  re- 
sponse  a n d  res i s t ance  to  t h e  effects  b y  m o v e m e n t s  of 
s u r r o u n d i n g  fluid.  These  r e q u i r e m e n t s  oppose  one a n o t h e r  
a n d  can  h a r d l y  be  rea l ized  in 1 e lec t rode  : H i g h  sens i t i v i t y  
needs  a large surface  a rea  of t he  ac t ive  electrode,  r ap id  
response  and  res i s t ance  to  f luid m o v e m e n t s  requ i re  a 
sma l l  e lec t rode  surface.  To effect  a compromise  of these  
r equ i r emen t s ,  Sa i to  a n d  Mochizuk i  3, Sai to  �9 i n t r o d u c e d  
a u l t r a - t h i n  f i lm r ing  e lec t rode  of s p u t t e r e d  p l a t i n u m .  
The  c o n s t r u c t i o n  of t h i s  e lec t rode  needs  careful  con t ro l  
of t h e  s p u t t e r i n g  a p p a r a t u s ,  b u t  t he  e l a b o r a t e l y  con-  
s t r u c t e d  e lec t rode  of ten  becomes  uns t ab le ,  p r o b a b l y  
because  t he  h e a t  e x p a n s i o n  of i n su l a t ed  p l a t i n u m  fi lm 
is m a r k e d l y  la rger  t h a n  t h a t  of the  i n su l a t i ng  glass. To 
avo id  such  diff icult ies,  K i m m i c h  and  Kreuze r  5 recom-  
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Fig. 1, A Schematic illustration of the gold paste electrode. B A 
microscopic photograph of a part of the gold paste active surface 
immersed in oil (n= 1.515) and illuminated with a light beam having 
a suitable incident angle. Olympus oil objective Hi M 100 • and 
oecular 10 • were used. 

m e n d e d  to  insu la te  a r ing  of a p l a t i n u m  foil of a b o u t  3 ~xm 
t h i c k  b y  m e a n s  of p o l y v i n y l  chloride.  The  oxygen  c u r r e n t  
of t he i r  e lectrode,  however ,  is s t i l l  a f fec ted  b y  fluid 
m o v e m e n t s ,  w h e n  u t i l ized  w i t h o u t  cover ing.  Therefore ,  
i t  seems w o r t h w h i l e  to  examine  a n o t h e r  m e t h o d  of 
c o n s t r u c t i o n  of t he  t h i n n e r  f i lm r ing  electrode.  I n  t he  
p r e s e n t  s tudy ,  we i n v e s t i g a t e d  t h e  app l i cab i l i t y  of gold 
pas te ,  w h i c h  is used for t he  p a i n t i n g  of china ,  to  the  
c o n s t r u c t i o n  of oxygen  electrode.  
Construction of the electrode. The  s t r u c t u r e  of t he  e lec t rode  
is s chema t i ca l l y  shown  in f igure 1, A. A t h i n  glass t ube  
(OD 2 mm)  is p a i n t e d  w i t h  d i lu ted  gold pas te  and  h e a t e d  
for  60 m i n  a t  a t e m p e r a t u r e  of 400~ Th i s  t u b e  is t h e n  
in se r t ed  in a n o t h e r  glass t u b e  wh ich  serves  as insu la t ion .  
Ai r  is t h e n  r e m o v e d  f rom t h e  t u b e s  w i t h  a v a c u u m  p u m p .  
The  t u b e  is h e a t e d  whi le  t h e  v a c u u m  p u m p  is st i l l  r u n n i n g ,  
w h i c h  causes  t he  ou t e r  t u b e  to  m e l t  a n d  s h r i n k  on to  the  
i nne r  glass t u b e  a n d  in su l a t e  t he  gold film. The  t ip  of 
t h i s  glass tube ,  h a v i n g  an  in su la t ed  gold f i lm in it, is 
cu t  off and  pol i shed  g e n t l y  on ar t i f ic ia l  l e a the r  w i th  
ce r ium oxide  powder ,  so t h a t  a s m o o t h  t h i n  r ing  of gold 
f i lm is exposed  on  t h e  surface  f lush w i t h  t h e  po l i shed  
cu t  end  of t he  glass tube .  T h e n  a s i lver  wire coa t ed  w i th  
s i lver  ch lor ide  is in se r t ed  in to  t he  glass t u b e  a n d  m o u n t e d  
in a su i t ab le  pos i t ion  a t  t he  cu t  end  b y  means  of epoxi-  
resin.  Th i s  Ag-AgC1 wire  serves  as t he  reference e lec t rode  
a g a i n s t  t h e  gold fi lm, w h i c h  is cha rged  a t  -0 .7  V. 
Characteristics and testing o[ the electrode. The  sens i t i v i t y  
a n d  r ep roduc ib i l i t y  of oxygen  c u r r e n t  of th i s  e lec t rode  
was t e s t ed  in a sal ine so lu t ion  b u b b l e d  w i t h  a i r  and  
n i t rogen .  The  oxygen  c u r r e n t  is of t he  o rder  of 10 -11 
A / T o r r  and  i ts  response  to  a l t e r n a t e  b u b b l i n g  w i t h  air  
a n d  n i t r o g e n  was r ep roduc ib le  w i t h i n  a re la t ive  e r ro r  of 
6 %  ove r  7 h. W h e n  ai r  b u b b l i n g  was  s topped,  t he  oxygen  
c u r r e n t  qu ick ly  decreased  b y  5% of t o t a l  c u r r e n t  and  
r e m a i n e d  a t  t h a t  level.  Th i s  m e a n s  t h a t  t he  d i s t u r b a n c e  
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of the  diffusion layer  by  the  wa te r  m o v e m e n t  is very  
small .  The C-V curve  shows a p la teau  over  t he  range 
of -0 .3  to -0 .8  V. The t e m p e r a t u r e  dependency  of the  
cu r r en t  was 4 • 10 -14 A / T o r r .  ~ over  the  t e m p e r a t u r e  
range of 30 to 45~ which  was a reasonable  change  in 
view of the  changes  of 0 2 absorp t ion  and  diffusion coef- 
f icients  of saline solution.  
Figure  1, B shows a p a r t  of the  electrode surface a t  a 
high magni f ica t ion  by  means  of a microscope.  The  ex- 
posed gold-r ing can safely be regarded  as a s t ra igh t  
na r row band  hav ing  the  w i d t h  of 0.2 txm. The 0 2 diffusion 
layer  which  develops  on th is  e lect rode surface can be 
expressed  by  a 2 d imens iona l  pa r t i a l  der iva t ive  equa t ion  
hav ing  its X and Y axes a t  r ight  angles to the  gold film 
surface as shown in figure 2. T h e n  the  final solut ion for 
t he  oxygen  diffusion layer  a t  inf ini te  t ime  is given by ;  

P = Po ' (1 -k ) ,  

where  k = t an  --1 ( X  + a ) / Y  -- t an  --1 ( X  - -  a)/Y and 2a is the  

w i d t h  of nar row b a n d  of the  gold fi lm ring. I3y pu t t i n g  
k '  = t a n - l k ,  the  iso-Po2 line is given by  the  equa t ion ;  

X 2 + (Y-a/k ' )  2 = (1 + l/k '2)-a s. 
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Fig. 2. Iso-Pos line in a region close to the gold paste surface. 

6 R. Huch, D. W. Lfibbers and A. Hueh, Pfltigers Arch. 337, 185 
(1972). 
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The numer ica l  p lo t t ing  of th is  solut ion is given in 
figure 2. The f a r t h e s t  po in t  f rom the  e lect rode surface 
for P = 0.9 �9 Po is 19.98 �9 a, which  for the  p r e s en t  elec- 
t rode  is 2 [zm. 
Application. This e lectrode m a y  be used to measure  the  
oxygen  tens ion of the  skin. The e lect rode t ip  is d ipped  
in a solut ion (10% in acetone) of cemedine-C | (cellulose 
solved in ace tone-e thano l - i sopropanol  mix ture ,  Cemedine 
Co, Tokyo) and  is dr ied in t he  room air, so t h a t  the  elec- 
t rode  surface is coa ted  wi th  a th in  coat ing (5 ~zm thick),  
which  serves as a saline con ta ine r  when  placed on the  
skin surface. The electrode so t r ea t ed  is passed  t h ro ugh  
a cyl indr ical  wa te r  ba th ,  so t h a t  the  e lect rode t ip  is 
s i tua ted  flush wi th  the  b o t t o m  of the  bath .  The skin Po2 
was 0 to 2.5 m m H g  dur ing bo th  air and oxygen  b rea th ing  
when the  t e m p e r a t u r e  of the  wa te r  b a t h  was a t  room 
t empera tu re .  An example  of a recording under  var ious  
condi t ions  is shown in figure 3. The resul ts  were : l .  W h e n  
the  t e m p e r a t u r e  was raised to 46~ the  skin Po2 in- 
creased to 48 m m  Hg. 2. Af ter  blood flow was s topped  
by  an inf la ted  cuff p laced a round  the  arm, the  skin Po2 
fell to near ly  zero. 3. On releasing the  cuff, the  Po2 
recovered  to the  original value. 4. After  the  gas for 
b rea th ing  was changed  f rom air to oxygen,  the  Po2 rose 
rap id ly  to 230 m m  Hg in 150 sec, 5. At  this  po in t  the  
cuff was inf la ted  again and the  Poa decreased to  near ly  
zero. 6. On releasing the  cuff and changing the  gas from 
oxygen  to air the  Po2 a t t a ined  a level near  the  init ial  
value. 
Since the  oxygen  diffusion layer  on the  e lect rode is 
e s t ima ted  to  be only 2 vm and  the  ep idermis  of th is  
area is abou t  80 ~m thick,  the  p resen t  electrode measures  
the  Po2 of the  epidermis.  According to H u c h  et  al. 6, 
The skin oxygen  consumpt ion  can be e s t ima ted  by  the  
following equa t ion  when  skin Po2 is suff ic ient ly  high and 
blood supply  to the  skin is i n t e r rup ted  by  cuff inf la t ion;  

Vo= =/760 �9 AP/At, 

where = is the  oxygen absorp t ion  coefficient  of skin t issue 
( =  0.0169 at  46~ In figure 3 the  l inear decrease of Po2 
is 184 m m  Hg over  the  t ime range of 1.75 rain. P u t t i n g  

these  values into the  above equa t ion  gives a XToz of 0.00233 
ml O2/ml t issue - min. This  value is s l ight ly h igher  t h a n  
0.002 by  Ohara  7 and  0.00t8 by  E v a n s  and Naylor s. This  
di f ference is p robab ly  due to  the  high t e m p e r a t u r e  a t  
which  the  p re sen t  m e a s u r e m e n t  was carried out.  These 
resul ts  indica te  a wide appl icabi l i ty  of the  p resen t  elec- 
t rode  to the  inves t iga t ion  of t issue oxygen  tension.  

7 K. Ohara, Jap. J. Physiol. 2, 1 (1951). 
8 N.T.S. Evans and R. F. D. Naylor, Resp. Physiol. 2, 61 (1966/67). 

Date= July-8 1976 Subj.: SM. 

lm•• 2 ReleaslCii" ill 

3 2 1 

Fig. 3. An example of skin Po~ recording 
during several experimental conditions. The 
numbers below the recording refer to succes- 
sive experimental conditions. Read right to 
left. 


