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Ineffectiveness 
Squid Giant Axon 

Adrenocor t i cos t e ro ids  h a v e  been  s h o w n  to  a l t e r  cen t r a l  
and  p e r i p h e r a l  ne rvous  s y s t e m  f u n c t i o n  in m a n  and  
o the r  an ima l s  z-4. W i t h d r a w a l  of h o r m o n a l  r e p l a c e m e n t  
t h e r a p y  f rom p a t i e n t s  w i t h  ad r ena l  cor t ica l  insuf f ic iency  
(ACI) or w i t h  p a n h y p o p i t u i t a r i s m  produces  s ign i f ican t  
increases  in  u lna r  m o t o r  c o n d u c t i o n  ve loc i ty  1, 5 whereas  
s y n a p t i c  de lay  in b o t h  cen t r a l  a n d  p e r i p h e r a l  ne r vous  
sys t ems  is s ign i f i can t ly  p ro longed  1. Fo l lowing  adrena l -  
e c t o m y  i n  ra t ,  sc ia t ic  ne rve  exc i t ab i l i t y  is s ign i f i can t ly  
increased  6 a n d  seizure t h r e sho lds  to  va r ious  s t imu l i  are 
s ign i f i can t ly  lowered ~, ~. T r e a t m e n t  of p a t i e n t s  w i t h  AC1 
a n d  p a n h y p o p i t u i t a r i s m  w i t h  N a - K - a c t i v e  ad r ena l  cor t i -  
cos tero ids  does no t  a l t e r  e i t he r  t h e  increased  c o n d u c t i o n  
ve loc i ty  or t he  l e n g t h e n e d  s y n a p t i c  delay,  b u t  t r e a t m e n t  
w i t h  c a r b o h y d r a t e - a c t i v e  s te ro ids  (CAS) r e t u r n s  b o t h  
func t i ons  to  normal1 ,  5. T r e a t m e n t  of a d r e n a l e c t o m i z e d  
r a t s  w i t h  NaC1 or w i t h  va r ious  ad renocor t i cos t e ro ids  
lowered sciat ic  ne rve  exc i t ab i l i t y  s a n d  also ra ised  seizure 
th resho lds .  These  o b s e r v a t i o n s  i nd i ca t ed  t h a t  CAS were 
i m p o r t a n t  in  n e u r a l  c o n d u c t i o n  a l t h o u g h  t he  m e c h a n i s m  
b y  w h i c h  th i s  occurred  could n o t  be  specified.  I n  a n  ef for t  
to  e v a l u a t e  one aspec t  of t he  m e c h a n i s m  wh ich  adrenocor -  
t i cos te ro ids  could in f luence  ne rve  func t i on  we s tud ied  t he  
effect  of these  h o r m o n e s  on  t he  ionic cu r r en t s  wh ich  are 
respons ib le  for t he  ac t ion  p o t e n t i a l  of t he  squ id  g i a n t  axon.  

Methods.  Squi t  g i a n t  axons  were excised, f reed of 
s u p p o r t i n g  t i s sue  a n d  o the r  ne rve  f ibers  a n d  p laced  in to  

EFFECT OF METHYLPREDNISOLONE (I.6"10-4M) AND 
ACTH (80units)  ON IONIC CURRENTS 
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Fig. 1. Effect of methyl prednisolone, with and without ACTH on 
Na-K currents of squid giant axon. The currents are plotted on the 

�9 ordinate, membrane potentials on the abscissa. The arrows indicate 
the experimental potentials at which the ionic currents were measured. 

a c o n v e n t i o n a l  vo l tage  c l amp s y s t e m  s. HElvES buffer  9 
in  K-free  ar t i f ic ia l  s eawa te r  a t  p H  7.4 a t  4~ was used to  
m a i n t a i n  t he  excised axon.  The  t r a n s i e n t  p e a k  a n d  
s t e a d y  s t a t e  cu r r en t s  were m e a s u r e d  us ing  s tep  pulses.  
E s t i m a t i o n  of t he  leakage  c u r r e n t  b y  a l inea r  ex t rapo la -  
t ion  was o b t a i n e d  b y  us ing  hype rpo la r i z ing  pulses.  K and  
N a  cu r r en t s  were o b t a i n e d  b y  s u b t r a c t i n g  t he  e s t i m a t e d  
leakage  c u r r e n t  for each  s tep  pulse  f rom the  s t e a d y  s t a t e  
a n d  t r a n s i e n t  peak  cur ren ts ,  respect ive ly .  The  c o n v e n t i o n s  
used to  r ep resen t  these  d a t a  are (a) al l  pos i t i ve  cu r r en t s  
are o u t w a r d  cu r r en t s  a n d  (b) w h e n  t he  m e m b r a n e  po ten-  
t ia l  is nega t ive  t he  i n t e rna l  p o t e n t i a l  is nega t i ve  w i t h  
respec t  to  t h e  po ten t i a l .  

These  cu r r en t s  were m e a s u r e d  a lone  in  K-free ar t i f ic ia l  
s eawate r  u n d e r  con t ro l  or base l ine  cond i t ions  and  in t h e  
presence  of severa l  w a t e r  soluble  hormones .  These  in- 
c luded  1. 6 e - m e t h y l  p redn i so lone  21-sodium succ ina te  
( 1 . 6 •  .4 M),  a p o t e n t  c a r b o h y d r a t e - a c t i v e  steroid,  
used w i t h  a n d  w i t h o u t  a d r e n o c o r t i c o t r o p i n  (ACTH), 
80 U/l,  2. 2 -me thy l  9 e - f luorohydrocor t i sone  (10 -5 M),  
a p o t e n t  N a - K  ac t ive  s te ro id  a n d  3. A C T H  alone  (80 U/l) .  
6 e - m e t h y l  p redn i so lone  (Solu-Medrol)  and  2 -me thy l  
9 e - f luorohydrocor t i sone  were o b t a i n e d  f rom the  U p j 0 h n  
Company ,  Ka lamazoo ,  Mich igan  as lyophyi l i zed  powders .  
A C T H  (Acthar)  was o b t a i n e d  f rom the  A r m o u r  P a r m a -  
ceut ica l  Company ,  Chicago, I l l inois  also as a lyophi l ized  
powder .  

Results.  The  effects  of these  h o r m o n e s  on  t h e ' N a  a n d  K 
cu r r en t s  are shown  in F igures  1 a n d  2. The  N a - K  cu r r en t s  
are p lo t t ed  on  t he  o r d i n a t e  as a func t ion  of t h e  m e m b r a n e  
p o t e n t i a l  w h i c h  is p lo t t ed  on  t h e  abscissa.  

There  is no  di f ference in t he  m e a s u r e d  cu r r en t s  upon  
t he  add i t i on  to t he  e x t e r n a l  so lu t ion  of e i t he r  t he  m e t h y l  
p redn i so lone  w i t h  or w i t h o u t  A C T H  (Figure 1) or 2 -me thy l  
9 a - f luorohydrocor t i sone  (Figure  2). The  a d d i t i o n  of 
A C T H  alone  (80 U/l)  to  t he  ex t e rna l  so lu t ion  also h a d  no  
effect  on  t he  N a - K  cur ren t s .  

Discussion.  These  resu l t s  d e m o n s t r a t e  t h a t  app l i ca t i on  
of large c o n c e n t r a t i o n s  of ad renocor t i cbs t e ro ids  or A C T H  
does no t  a l t e r  t h e  basic  ionic even t s  wh ich  give r ise to  t h e  
ac t ion  po ten t i a l .  Fo r  p redn i so lone  t he  c o n c e n t r a t i o n  used 
in th i s  s t u d y  was 80 t imes  t he  n o r m a l  c i rcu la t ing  b lood  
level  of cor t isol  in man ,  t h e  a c t i v i t y  of t he  h o r m o n e  ad-  
min i s t e red  be ing  a p p r o x i m a t e l y  5 t i m e s  t h e  p o t e n c y  of 
c i rcu la t ing  cortisol.  Fo r  t h e  I luorohydrocor t i sone ,  t he  con- 
c e n t r a t i o n  used was more  t h a n  300 t i m e s  t h e  n o r m a l  cir- 
cu l a t i ng  b lood  level  of a ldos te rone  in man ,  t he  admin i s -  
t e red  h o r m o n e  a p p r o x i m a t e l y  3 t i m e s  t he  p o t e n c y  of cir- 
cu l a t i ng  a ldos terone .  

Whi l e  N a - K  ac t ive  s te ro ids  s ign i f i can t ly  a l t e r  t h e  
m a n n e r  b y  wh ich  N a  a n d  K cross cell m e m b r a n e s  9 
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2-methyl  f luorohydrocort isone,  a po ten t  N a - K  act ive  
steroid in high concentrat ion,  did not  al ter  the  measured 
currents  in squid axon. Similarly,  ca rbohydra te -ac t ive  
steroids s ignif icant ly a l ter  the  manner  by  which nerve  
conduct ion takes  place in man  ~, 5. I n  pa t ien ts  in whom 
excessive endogenous secretion of ca rbohydra te -ac t ive  
steroids occur, e.g., in pa t ien ts  w i th  Cushing's  syndrome 
or wi th  an adrenal  cort ical  adenoma or carcinoma,  peri- 
pheral  nerve  conduct ion ve loc i ty  is commonly  slower 
than  normal  1~ However ,  a po ten t  ca rbohydra te -ac t ive  
steroid in high concent ra t ion  did no t  a l ter  the  measured 
currents  in squid axon. I n  m a n  and in animals  in the  
absence of carbohydra te  ac t ive  steroids and in the  pres- 
ence of high concentra t ions  of A C T H  peripheral  conduc- 
t ion ve loc i ty  is commonly  faster  t han  normal  ~, 5. How- 
ever, A C T H  in high concent ra t ion  did no t  a l ter  the  
measured currents  in squid axon. 

In  order to car ry  ou t  these exper iments  in squid axon 
the  hormones  employed had to be adminis tered  a t  low 
t empera tu re  and over  re la t ive ly  short  t ime  intervals~ 
These factors could contr ibute  to the  tack of effects 

E F F E C T  OF 2 - M E T H Y L  F L U O R O H Y D R O C O R T I S O N E  ( I o ' S M )  
ON IONIC  C U R R E N T S  
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Fig. 2. Effect of 2-methyl fluorohydrocortisone on Na-K currents of 
squid giant axon. 

observed.  Similarly,  one m a y  argue t h a t  the  Schwann 
cell layer  surrounding the  axon could act  as a barr ier  for 
these compounds  and t h a t  the  10 to 30 rain. t ime  period 
over  which they  were present  in the  externa l  solution 
migh t  no t  be expected to produce any  effect. However ,  
d ipheny lhydan to in  it  and tetrodotoxin~2, is, substances 
of similar  molecular  weight  and size to  those used in the  
present  s tudy  do al ter  currents  in the  squid giant  axon 
wi th in  this  t i m e  period. Hence,  i t  does not  appear  l ikely 
tha t  the  ineffectiveness of these drugs is due to a signif- 
icant  Schwann cell barrier.  

Since the  present  exper iments  were carried out  over  
short  t ime  in tervals  any  changes produced by  these 
hormones  in the  N a - K  pumping  mechan ism would not  
have  had suff icient  t ime  for the  effects to produce any 
change in the  ionic gradients.  This  can be demons t ra ted  
by  the  results shown in bo th  Figures  1 and 2.. in t ha t  the  
potent ia l  a t  which the  Na  current  is equal  to zero is the  
same indicat ing t h a t  the  Na-ionic  gradient  is not  changed 
dur ing the  exper iment .  In  o ther  exper iments ,  however,  
these ho rmones  could possibly effect the  N a - K  ionic 
gradients  the reby  al ter ing the  dr iv ing  force and pro- 
ducing subsequent  changes in conduct ion ve loc i ty  5, ~. The 
present  results indicate  only t h a t  adrenocorticosteroids,  
wi th  or wi thou t  ACTH,  do no t  al ter  the  ionic currents  
responsible for the  act ion potent ia l .  

Zusammen/assung. Adrenocor t icosteroide  und Adreno- 
cor t icotropin  bewirk ten  in hohen Konzen t ra t ionen  keine 
~nde rungen  der N a - K  St r6me in Tintenf ischr iesenaxon;  
das weist  darauf  hin, dass die Ionenbegebenhei ten ,  die das 
Axenpo ten t i a l  hervorrufen,  du tch  diese Hormone  nicht  
beeinflusst  sind. 
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Isolation of fl2-Microglobulin from the Urine of Patients With Itai-Itai (Ouch-Ouch)  Disease 

Several  invest igat ions  have  shown tha t  chronic c admium 
in toxica t ion  in m a n  causes prote inur ia  wi th  low molecular  
weight  proteins ~-~. Recen t ly  BERGGIRD and his coworkers 
have  isolated some low molecular  weight  proteins, such 
as/3~-microglobulin 5, free l ight  chains 6 and re t inol-binding 
protein ~, f rom the  urine of pa t ien ts  wi th  chronic c admium 
poisoning. Moreover,  the  excess excret ion of //2-microglo- 
bul in  s and free l ight  chains ~ has been character ized in 

renal  tubu la r  damage  wi th  tubular  prote inur ia  result ing 
from chronic cadmium poisoning. 

Meanwhile,  i t  has been considered t h a t  I ta i - i ta i  
(Ouch-ouch) disease, of which main  symptoms  are a kind 
of osteomalasia  and prote inur ia  wi th  10w molecular  
proteins,  is caused by  chronic c admium exposure 1~ 
weight.  2qOMIYAMA et al. z8 have  suggested the  presence of 
re t inalbinding prote in  and //~-microglobulin as the  main  


