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(Figure 3), as a l ready  no ted  by  several  inves t iga tors  7-9, 
and  of near ly  the  same order  of magn i tude  as those  of the  
electrode filled by  the  glass f ibre m e t h o d  (Figure 1). 
The effect of acid t r e a t m e n t  of glass t ub ing  on the  T P  
values is also clearly seen in Figure  3. 

Since m a n y  laborator ies  use capillaries and  glass f ibres 
s t ra ight  form a shelf, some observa t ions  were made  on the  
microelec'crodes p repa red  by  the  glass f ibre m e t h o d  
w i thou t  any  acid t r e a t m e n t .  The T P  values of such 
electrodes observed in PB  S showed considerable  var ia t ions  
f rom --3.4  to 18.4 (means, a round  --9) mV. Such a high 
T P  was marked ly  reduced  by  the  use of ac id- t rea ted  glass 
tub ing  and glass f ibre or of acidif ied 3 M KC1. The T P  
values in the  l a t t e r  were a round  - -2  m V  (--0.3 ~ --3.7 
mV) and  of near ly  the  same order  of magn i tude  as those  
in the  former  (Figure 1). 

All these  results  suggest  t h a t  someth ing  happened  to the  
t ips  while t he  electrodes were immersed  in the  neut ra l  
3 M KC1 solution, and t h a t  th is  could be p r even t ed  to  a 
considerable  ex t en t  by  the  acid t r e a t m e n t  of glass, and /or  
the  acidif icat ion of filling solution. I t  has  been  suggested 
t h a t  t h e . t i p  po ten t i a l  is the  result  of con t amina t i o n  5,~~ 
In  our exper iments ,  the  filling solut ion was freshly 
fi l tered, so t h a t  gross con t amina t i on  can be ruled out. If  
the  accumula t ion  of mi ro-d i r t  causes the  T P  format ion ,  
the  f luc tua t ion  of the  T P  values observed wi th  d i f ferent  

-80 

E 
t o  

"~ -40 g 

O- 

| 

I t 

o.ol o.o3 d.1 d.3 t'o io M 
KC[ solution 

Fig. 3. Effect on the tip potential of acid treatment of glass tubing 
and acidification of filling solution. All electrodes tested were pre- 
pared under the same pulling condition (heater current, 16.0 A) and 
filled with the alcohol method, a) without any acid pre-treatment 
(electrode resistance was 7.2 4- 0.11 M,Q); b) pre-treated with 1% 
HC1 for 32 h (7.2 -4- 0.34 M,Q) ; c) pre-treated with H~SO4-diehromate 
mixture for 72 h (7.5 4- 0.34 MQ); d) pre-treated with I-I2SO 4- 
dichromate mixture for 72 h and filled with 3 M KC1 adjusted to 
pH 2 with HC1 (14.6 -4- 0.83 M,Q). The vertical bars represent stan- 
dard errors on either side of average of 5 electrodes tested. 

electrodes would be expec ted  to  be much  greater  t h a n  t h a t  
seen in Figures  1 and 3, and the  effect  of acid t r e a t m e n t  
shown above would be difficult  to  explain.  Our resul ts  
are in general  cons i s ten t  wi th  the  view t h a t  f ixed nega t ive  
charges on the  glass wall will br ing about  t ip  potent ia l ,  
as a l ready  sugges ted l l ,  12, for the  acid t r e a t m e n t  of glass 
as well as t he  acidif icat ion of the  filling solut ion could to  a 
cer ta in  ex t en t  coun te rac t  the  fo rmat ion  of f ixed nega t ive  
charges.  

W h a t e v e r  the  mechan i sm of genera t ing  the  po ten t i a l  
a t  the  t ip,  the  smaller  the  t ip  po ten t i a l  of an electrode,  
the  more  accura te  is the  m e m b r a n e  po ten t i a l  obta ined.  In  
view o! the  result  shown in Figure  2, s tor ing in 3 M KC1 
of t he  microelect rodes  over 3 days  should be avoided.  
Acidif icat ion of the  filling solut ion up to  p H  2 provides  a 
s imple means  of p repar ing  microelect rodes  of low t ip  
po ten t i a l  7-9, if the  h igh  concen t ra t ion  of H+ in the  
capillaries does no t  affect  the  m e m b r a n e  po ten t i a l  mea-  
surements .  The glass f ibre me t h o d  is far superior  to the  
alcohol m e t h o d  in order  to ob ta in  low t ip  potent ia l .  The 
direct  filling me thod  m a y  be also appl icable  for micro- 
e lectrodes of a l i t t le  larger t ip  d iameter ,  hav ing  the  
res is tance of a round  10 MD. 

Zusammen/assung. Glasmikroelekt roden,  mi t  3 M KC1 
gefiillt, wurden  versch iedenar t ig  pr / ipar ier t  und  ihr  
Sp i tzenpoten t ia l  mi t  0.01 ~ 3.0 M KC1 gemessen.  Die 
Resu l ta te  sprechen dafiir, dass  die nega t iven  e lektr ischen 
Ladungen,  an der  Glaswand fixiert ,  eine en t sche idende  
Rolle bet der  E n t s t e h u n g  des Sp i tzenpoten t ia l s  spielen. 
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I n f l u e n c e  of  T e m p e r a t u r e  o n  t h e  E l e c t r i c  A c t i v i t y  of t h e  I s o l a t e d  D o g  R e t i n a  

In  t he  last  few years,  the  influence of t e m p e r a t u r e  on 
the  funct ion  of isolated organs has  been  inves t iga ted  to  an 
increasing degree in order  to  get  some in fo rmat ion  abou t  
kinet ic  and  t h e r m o d y n a m i c  quant i t i es  of biological 
reactions.  The t e m p e r a t u r e  as a p a r a m e t e r  of the  re t ina l  
cell sy s t em has been  examined  m a n y  t imes,  t he  measure-  
m e n t s  being carr ied out  also on the  isolated re t ina  1-5. As 
cor responding  expe r imen t s  w i th  t he  isolated dog re t ina  
have  no t  ye t  been  repor ted ,  the  influence of t e m p e r a t u r e  
on the  dog 's  re t ina l  ac t iv i ty  af ter  l ight  s t imula t ion  
(ERG) was invest igated.  The dependence  on t e m p e r a t u r e  

of the  l a tency  of res to ra t ion  af ter  a l ight  s t imulus  was 
measured  by  means  of double-s t imul i .  
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Methods .  The  m e a s u r e m e n t s  were car r ied  ou t  us ing  t he  
m e t h o d  of the  i so la ted  r e t i n a  s imi la r  to  t h a t  descr ibed b y  
AMEs a n d  G~JRIAN6. U n d e r  p e n t o b a r b i t a l  narcos is  
(25 mg/kg) ,  t he  c en t r a l  r e t i na l  a r t e r y  of t he  dog was 
l igated,  t he  eyebal l  enuc lea ted  and  t r a n s f e r r e d  to a cooled 
modi f ied  Tyrode  solut ion.  U n d e r  d i m  red  l igh t  l i t t l e  
cy l indr ica l  pieces of t h e  re t ina ,  8 m m  in d iamete r ,  were 
p r epa red  a n d  t r an s f e r r ed  to modi f ied  Tyrode  so lu t ion  a t  
r oom t e m p e r a t u r e .  The  so lu t ion  was m a d e  up  as follows 
(mM/1):  NaC1, 120; KC1, 3; MgCI> 0.3; CaCI=, 0.15; 
N a H 2 P O  4, 1.5; Na=HPO4, 15 and  glucose 5. T he  p H  was 
7.7. The  t i m e  of p r e p a r a t i o n  was 5-8 min.  The  r e t i n a  
was f ixed b y  a r ing  to  a M o n o d u r - n e t  of a car r ie r  a n d  
inse r ted  in to  t h e  c h a m b e r  of a double -wal l  a p p a r a t u s  m a d e  
of glass wh ich  was filled w i th  10 ml  Tyrode  solut ion.  The  
space b e t w e e n  t he  walls  was  connec t ed  to  a t h e r m o s t a t  so 
t h a t  t he  so lu t ion  of t he  c h a m b e r  could be  a d j u s t e d  to  
a f ixed t e m p e r a t u r e  w i t h i n  a few seconds.  Convec t ion  
of t he  n u t r i t i v e  m e d i u m  was p rov ided  b y  pur i f i ed  a i r  
b u b b l i n g  t h r o u g h  t h e  solut ion.  T he  i n t e n s i t y  of the  l igh t  
s t imu lus  could be  va r i ed  b y  m e a n s  of n e u t r a l  f i l ters  f rom 
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Fig. 1. Schematic illustration of the electroretinogram (ERG) of the 
isolated dog retina. *~, duration of the light stimulus; t~, t~, latencies 
of a- and b-wave. The polyphasic potential is characterized by the 
amplitudes of the late RP (~b~), b- (~) and d-wave (~be). 
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Fig. 2. Original recordings of the dog ERG at varying temperatures. 
The maximum light intensity was 40 lux. First line: time intervals 
1 see. Last line: light stimulus 1 see. 

40 to  1.3 X 10 -6 lux, co r re spond ing  to  ex t inc t i ons  f rom 
0 to 7.5. The  i n t e n s i t y  of i l l umina t i on  was ca l i b r a t ed  b y  
m e a n s  of a l u x - m e t e r  (Bruno  Lunge).  The  d u r a t i o n  of t he  
l igh t  s t imu lus  was 1 sec for  all  expe r imen t s .  The  measure -  
m e n t s  were car r ied  ou t  in d a r k  a d a p t a t i o n .  The  EIRG was 
led off b y  Ag/AgCl-e lec t rodes  a n d  recorded  on an  oscillo- 
scope a n d  a penwr i te r .  A s c h e m a t i c  d rawing  of t i le  
po lyphas i c  p o t e n t i a l  w i t h  a d e n o m i n a t i o n  of i ts  waves  
a n d  c o m p o n e n t s  is i l l u s t r a t ed  in F igure  1. 

Results .  The  inf luence  of t e m p e r a t u r e  on  t h e  r e t ina l  
a c t i v i t y  a f t e r  l igh t  s t i m u l a t i o n  is r ep resen ted  in F igure  2 
wh ich  shows or ig inal  recordings.  The  t e m p e r a t u r e  was  
changed  in s teps  f rom 18 to  36~ a t  i n t e rva l s  of 15 rain.  
A t  low t e m p e r a t u r e s  t h e r e  is a p ro longa t i on  of t he  Ia tencies  
and  a decrease  of all  a m p l i t u d e s  so t h a t  t h e  resu l t  is a 
long f la t  response.  W i t h  increase  in t e m p e r a t u r e  and  a t  
h igh  in tens i t i e s  of i l lumina t ion ,  t he  course  of t he  E R G  is 
m a i n l y  m a r k e d  b y  ~he la te  r ecep to r  p o t e n t i a l  v (late RP) .  
Below 12 ~ t he  E R G  disappeared .  The  loss of p o t e n t i a l  
b y  cooling of t he  p r e p a r a t i o n  t u r n e d  ou t  to  be  ful ly 
revers ible .  

I n  F igu re  3 t h e  inf luence  of t e m p e r a t u r e  on t he  func t ion  
~ = f (I) is p l o t t e d  on a s emi loga r i t hmic  scale. Whi l e  t h e  
t h r e sho ld  i n t e n s i t y  of t he  la te  R P  lies a t  ex t i nc t i ons  f rom 
3.5 to  3, t he  m a x i m u m  increase  in p o t e n t i a l  can  be  
obse rved  be tween  2.5 a n d  1. A t  a f ixed t e m p e r a t u r e  t he  
l inear  p a r t  of t he  log-curve  i l l u s t r a t ing  the  l igh t  i n t ens i t y -  
e f fec t -charac te r i s t i c  m a y  be  descr ibed  b y  t he  fol lowing 
r e l a t i on  5 d ~ / d  Iog I = k~ or b y  t he  i n t eg ra l  #~ = k~. 
log I + K. K is t he  in teg ra l  cons t an t .  The  va lue  ka m a y  
be  i n t e r p r e t e d  as r eac t ion  c o n s t a n t  for t he  process  of 
bu i ld ing  up  t he  la te  1RP. As can  be  seen f rom F igure  3, ks 
changes  w i t h  t e m p e r a t u r e  in  a cha rac t e r i s t i c  way.  
Accord ing  to  ARRI-IENIUS, t he  c o n n e c t i o n  be tween  t he  
a c t i v a t i o n  ene rgy  A, t he  abso lu te  t e m p e r a t u r e  a n d  t he  
r eac t ion  c o n s t a n t  k is cha rac t e r i zed  b y  s log k = log ko - -  
A/2.303 RT.  Log k= was p l o t t e d  aga ins t  1/T a n d  f rom t h e  
l inear  slope of t h e  curves  in  a t e m p e r a t u r e  r ange  f rom 
21 to  36~ t he  gross a c t i v a t i o n  energy  was ca lcula ted .  
The  m e a n  va lue  based  on  30 curves  was 5.38 4- 0.32 
(S.D.) Kca l  co r re spond ing  to  a Q~0-valne of 1.34 a t  a 
m e a n  t e m p e r a t u r e  of 28.5~ 

F u r t h e r m o r e ,  t he  resu l t s  show t h a t  t he  la tenc ies  of t he  
a- a n d  b-wave ,  G and  tb (cf. F igu re  1), increase  if  t h e  
t e m p e r a t u r e  is lowered.  F igure  4 i l lus t ra tes  the  inf luence  
of t e m p e r a t u r e  on t he  l a t ency  of r e s t o r a t i o n  of t h e  la te  
R P  a n d  b -wave  m e a s u r e d  b y  means  of double  s t imul i .  The  
i n t e rva l  un t i l  a second p o t e n t i a l  reaches  t he  size of t h e  
f i rs t  one is increased  w i t h  decreas ing  t e m p e r a t u r e .  The  
r e s to r a t i on  of ~b is m u c h  slowed c o m p a r e d  to  t h a t  of $a. 

Discuss ion .  A c o m p a r i s o n  of t he  resu l t s  for  t he  i so la ted  
dog r e t i n a  w i t h  the  shape  of t he  dog E R G  in v ivo  reveals  
m a n y  areas  of a g r e e m e n t  9,10. P a r t s  of t he  r e t i n a  b e h a v e  
l ike t he  whole  r e t i n a  as regards  t he i r  electr ic  ac t iv i ty .  
The  ex tens ive  increase  of t he  la te  1RP w i t h  r i s ing  l igh t  
i n t e n s i t y  and  t e m p e r a t u r e  is cha rac t e r i s t i c  of t h e  dog ' s  
E R G .  Because  of t h e  slow decrease  of t h e  la te  R P  a f t e r  
the  cessa t ion  of i l lumina t ion ,  and  because  of t h e  p o l a r i t y  
of t he  off-effect  (~a), t he  po lyphas i c  p o t e n t i a l  co r responds  
to a p r e d o m i n a n t l y  rod  E R G  ~. PA~gY and  TANSLEu ~0 
a l r eady  conc luded  f rom t h e i r  e x p e r i m e n t s  in  v ivo  t h a t  
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Fig. 3. Dependence on temperature of the function ~ = f (I). The 
maximum light intensity was I o = 40 lux. 
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Fig. 4. Influence of temperature on the latency of restoration, mea- 
sured by means of double stimuli at different intervals. Ordinate: 
Second potential as percentage of the first; dashed line: late RP 
(~); continuous line: b-wave (~b). Abscissa: Interval between first 
and second light stimulus. Intensity of illumination 40 lux, duration 
1 see. 
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the  dog E R G  migh t  be a t t r i b u t e d  to the  ac t iv i ty  of rods. 
The influence of t e m p e r a t u r e  on the  off-effect is d i f ferent  
f rom t h a t  on the  b-wave  (cf. Figure  2). Below 24~ Sa is 
ex t inguished  while Sb still exists.  Therefore the  2 waves 
seem to or iginate  in d i f ferent  re t inal  e lements .  The 
inves t iga t ion  of early posi t ive  componen t s  of the  r abb i t  
E R G  by  L/3Tzow n showed t h a t  a b -wave  could only  be 
regis tered above 28 ~ Our expe r imen t s  were carried out  
w i thou t  add ing  p lasma  to the  perfus ion medium,  which 
seems to p lay  an i m p o r t a n t  role for t he  isolated r abb i t  
re t ina  ~, ~. 

The isolated re t ina  of the  poik i lo thermic  frog shows 
m a x i m u m  poten t ia l  values a t  t e m p e r a t u r e s  f rom 17 to 
20~ while below 6~ a b -wave  can no longer be reg- 
istered1,5. CORNU and CLOTTESn calculated Q10-values 
be tween  1.6 and  1.7 for the  a -wave  of t he  frog E R G  at  
t empe ra tu r e s  f rom 10 to  30 ~ If one compares  t he  gross 
ac t iva t ion  energies for the  b-wave  of the  frog E R G  ~ and 
the  late R P  of the  dog ERG,  the i r  equal  size demons t r a t e s  
t h a t  the  processes which lead to the  fo rma t ion  of bo th  
poten t ia l s  m a y  be ascribed to analogous phys icochemica l  
mechanisms.  The size of the  cor responding  Q~0-values 
agrees w i th  t he  observa t ion  t h a t  the  fo rma t ion  of the  
poten t ia l s  is ma in ly  t r iggered by  diffusion processes la. 
The difference be tween  the  re t ina  of the  h o mo i o t h e rma l  
dog and the  po ik i lo thermal  frog is t h a t  the  f i rs t  appear -  
ance of a po ten t i a l  a t  low t e m p e r a t u r e s  as well as t he  
range of t e m p e r a t u r e  for the  va l id i ty  of the  l inear 

- -  log I - re la t ion for the  dog re t ina  are shif ted by  9 ~ to  
higher  t empera tu res .  Compar ing  the  morpho logy  of frog 
and dog ret ina,  it  is s t r iking t h a t  the  frog re t ina  has a 
broad inner  and small  outer  nuclear  layer,  whereas  the  
s i tua t ion  for the  dog re t ina  is t he  reverse.  Compar ing  the  
cor responding  potent ia ls ,  the  frog E R G  is charac ter ized  
main ly  by  the  b-wave  and  the  dog E R G  by  the  late RP.  

Zusammen/assung.  Gr6sse und F o r m  des Bel ichtungs-  
po ten t ia l s  der  isolierten H u n d e r e t i n a  s t i m m e n  mi t  den 
Ergebnissen  in vivo t iberein und lassen sich vorwiegend 
der  S tgbchenak t iv i t~ t  zuschreiben.  E in  Vergleich zwischen 
dem sp~iten Rezep to rp0 ten t i a l  des h o m o i o t h e r m e n  Hun-  
des und  der b -Wel l enampl i tude  des po ik i lo the rmen  
Frosches  ergibt ,  dass die Bi ldung beider  Po ten t i a le  
analogen t h e r m o d y n a m i s c h e n  Gesetzm~ssigkei ten  folgt, 
wobei  der  Tempera tu rbe re i ch  bei der H u n d e r e t i n a  um 
9 ~ zu h6heren  T e m p e r a t u r e n  ve r schoben  fat. 
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Pharmakologisches Insti tut  der Universiti~t Kdln, 
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(German Federal Republic, B R D ) ,  5 December 1974. 

The  U s e  of Croce t in  in E x p e r i m e n t a l  A t h e r o s c l e r o s i s  

Several  pas t  s tudies  z-3 have  ind ica ted  t h a t  a thero-  1 
sclerosis m a y  be in i t ia ted  by  hypox ia  a t  the  vascular  
wall. However ,  a therosclerosis  is a ve ry  common  disease ~, 
and  how can hypox ia  by  so universal  ? Some inves t iga tors  8 
have  suggested t h a t  it  m a y  be induced by  increased levels 4 
of ca rbon  monox ide  in t he  blood 5. We  have  previous ly  
suggested t h a t  such hypox i a  m a y  ins tead  be due to  a 
decreased ra te  of diffusion of oxygen f rom the  red blood 5 
cells to  the  vascular  wall  6. 

6 
A decreased ra te  of oxygen  diffusion could be due to  

several  factors.  We have  found,  in vi tro,  t h a t  increases in 7 
p lasma  p ro te in  levels 6 or of se rum glucose levels ~ cause 
large decreases  in the  diffusion ra te  of oxygen  t h r o u g h  

K. KJELDSEN, J .  V~fANSTRUP a n d  P. ASTRUP, J .  Atherosc le r .  Res. 
8, 835 (1968). 
C. GARBARSCH, C. M. ~ATHIlgSSEN, P. HELIN a n d  I. LORENZEN, 
J. Atheroscler. Res. 9, 283 (1969). 
A. L. ROBERTSON, JR., Progr. Bioehem. Pharmac. 4, 305 (1968). 
Arteriosclerosis, A Report by the National Heart and Lung Institute 
Task Force on Arteriosclerosis {National Institutes of Health, 
Bethesda, Maryland, USA, June 1971), vol. 2. 
K. KJELDSE~, Thesis, University of Copenhagen (Munksgaard, 
Copenhagen 1969). 
G. M. CmSOL~, J. L. GAINER, G. E. STONER and J. V. GAINER, JR., 
Atherosclerosis 7d, 327 (1972). 
G. M. CmSOLM and J. L. GAmZR, in Oxygen Transport to Tissue. 
Pharmacology, Mathematical Studies and Neonatology (Eds. D. F. 
BRULEY and H. I. BICKER; Plenum Press, New York 1973), p. 729. 


