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T h e  i n f l u e n c e  of the  s t e r o i d  h o r m o n e s  o n  th e  p h y s i c a l  s ta t e  of  h u m a n  e r y t h r o c y t e  m e m b r a n e s  ~ 
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Summary. Ste ro ids  a l t e r  t h e  p h y s i c a l  s t a t e  of t h e  reg ions  in t he  h u m a n  e r y t h r o c y t e  m e m b r a n e ,  w h e r e  g lucose  t r a n s p o r t  
is occur r ing .  

I n  t h e  course  of r e cen t  years ,  a t t e n t i o n  h a s  b e e n  focussed  
on  t h e  r e l a t i o n s h i p  b e t w e e n  the  b io logica l  a c t i v i t y  a n d  
t h e  p h y s i c a l  s t a t e  of b i o m e m b r a n e s .  I t  h a s  b e e n  p o i n t e d  
o u t  t h a t ,  n o t  on ly  the  t r a n s p o r t  ve loci t ies  e, a of s o m e  
s u b s t a n c e s  e n t e r i n g  the  cells, b u t  also t h e  e n z y m a t i c  
ac t iv i t i e s  ~ a n d  t h e  p r o p e r t i e s  of s o m e  i n h i b i t o r s  of m e m -  
b r a n e - b o u n d  e n z y m e s  5, d e p e n d  on t h e  f lu id i ty  of  m e m -  
b r anes .  Since an  effect  of cho les te ro l  ~ on  m e m b r a n e  
f lu id i ty  h a s  b e e n  descr ibed,  we  h a v e  i n v e s t i g a t e d  w h e t h e r  
s t e ro ids  i n h i b i t i n g  t h e  g lucose  t r a n s p o r t  in h u m a n  ery-  
t h r o c y t e s 7  h a v e  a n y  i m p a c t  on  t h e  p h y s i c a l  s t a t e  of  t h e  
m e m b r a n e - r e g i o n ,  w h e r e  t h e  g lucose  t r a n s p o r t  is loca ted .  
As i n d i c a t i o n  for  i ts  change ,  t he  fo l lowing  p a r a m e t e r s  
were  d e t e r m i n e d  : t he  t e m p e r a t u r e  of t h e  p h a s e  t r a n s i t i o n  
a n d  the  a p p a r e n t  a c t i v a t i o n  e n e r g y  of t h e  g lucose  t r a n s -  
p o r t  in t he  p r e sence  of t h e  s tero ids ,  a n d  t h e  Hi l l  coeffi- 
c ien ts  for  t he  i n h i b i t i o n  of t he  g lucose  t r a n s p o r t  b y  t h e  
s t e ro id  h o r m o n e s .  
Materials and methods. E r y t h r o c y t e s  were  c o n c e n t r a t e d  
b y  c e n t r i f u g a t i o n  of f r e sh ly  col lected b lood  of h e a l t h y  
d o n o r s  in an  ACD so lu t ion  (11 g s o d i u m - c i t r a t e ,  35 g 
glucose,  4 g ci t r ic  acid w i t h  a q u a  b ides t ,  ad  1000 ml).  T h e  
e r y t h r o c y t e s  were  p r e l o a d e d  b y  4 w a s h i n g s  w i t h  an  iso- 
ton ic  NaC1 so lu t i on  c o n t a i n i n g  200 m M  glucose.  T h e n  
150 mic ro l i t e r s  of t h o s e  p r e l o a d e d  cells were  i n c u b a t e d  in 
10 ml  p h o s p h a t e  bu f f e r  of p H  7.5 w i t h  2% e t h a n o l  con-  
t a i n i n g  C~4-glucose c o n c e n t r a t i o n s  f r o m  0.75 to  3.0 m M  
(0.5 Km-va lues  for  t he  d i f fe ren t  t e m p e r a t u r e s ) .  T h e  
s te ro id  c o n c e n t r a t i o n s  were  0.3 m M  cor t i so l  a n d  0.1 m M  
5 a - a n d r o s t a n e - 3 , 1 7 - d i o n e  for  t h e  A r r h e n i u s  plot .  F o r  
t h e  Hi l l  p lo t s ,  t h e  g lucose  c o n c e n t r a t i o n  w a s  0.033 m M ;  
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Fig. 1. Arrhenius plot of the effect of the steroids on the veloeity of 
glucose uptake (v). Erythrocytes, preloaded with 200 mM glucose 
were incubated in phosphate buffer at pH 7.5 with 2% ethanol and 
glucose concentrations of the 0.5 Kin-values for different tempera- 
tures. The logarithm of the veloeity(b~moles/sec.ml erythrocytes) 
was plotted against the reciprocal value of the absolute temperature. 
(O: control; @: 0.3 InM cortisol; A: 0.1 mM 5a-androstane-3,17- 
dione.) 
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Fig. 2a, b. Hill plots for the inhibition of the glucose transport by 
eortisol and 5~-androstane-3,17-dione. Erythrocytes from 3 different 
donors (3 different experiments) were preloaded with 200 mM glucose 
and incubated in phosphate buffer at pH 7.5 with 2% ethanol for 
10 see at 10~ (O) and at 25~ (O). The concentration of glucose 
was 0.033 raM, that of cortisol from 0.25 to 1.0 mM and that of 5c(- 
androstane-3,17-dione from 0.06 to 0.35 raM. The regression line for 
Line 1 was y -- -0 .57 -  0.87x; the correlation coefficient r = 0.99; 
for Line 2: y = 0.30 - 0.98x; r 0.99; for Line 3: y = -1.28 - 
1.11x; r = 0.99; for Line 4: y = -1.17 - 1.22x; r = 0.99; vl = the 
velocity of the inhibited reaction, vo = the velocity of the uninhibited 
reaction. 
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the  cortisol  concen t ra t ion  was var ied f rom 0.25 mM to 
1.0 mM and the  5a-andros tane-3 ,  17-dione concen t ra t ion  
f rom 0.06 mM to 0.35 mM. 
Af te r  10 sec, the  incuba t ion  was s topped  by  pour ing the  
suspens ion  into ice-cold s topp ing  solut ion (2 mM HgC12, 
310 mM NaC1, 1.25 mM KJ) .  The fu r ther  exper imenta l  
p rocedures  have  been descr ibed before ~, s. 
Results and discussion. As has been  described,  the  regions 
of h u m a n  e ry th rocy tes ,  where  the  glucose t r anspo r t  is 
occurring, change  the i r  physical  s t a t e  a t  a t e m p e r a t u r e  
of abou t  20~ this  leads to  d i f fe rent  a p p a r e n t  act iva-  
t ion  energies (~x) above  and  below the  t r ans i t ion  t emp e ra -  
ture.  Figure 1 shows t h a t  a phase  t r ans i t ion  can be ob-  
served as well in the  presence  of the  inves t iga ted  s teroid 
hormones  cortisol and 5e-andros tane-3 ,17-d ione .  The 
t rans i t ion  t e m p e r a t u r e  does no t  change by  addi t ion  of 
the  s teroids  into the  incuba t ion  medium.  F r o m  the  slopes 
of the  Arrhenius  re la t ion i t  follows, however ,  t h a t  the  
hormones  have  an influence on the  ~-values of the  glucose 

Parameters for the change of the physical state of the erythrocyte 
membrane caused by 2 steroid hormones 

Steroid in Apparent activation Hill coefficients for the 
the medium energy (kcal) of inhibition of 

glucose transport glucose transport 
with hormones 

Above the transition 
temperature : 

0 7.3 
Cortisol 11.1 
5~-andro- 13.5 
stane-3, 17:dione 

1.0 at 25~ 
-1.2 at 25 ~ 

Below the transition 
temperature : 

0 20.0 
Cortisol 24.3 0.9 (at 10 ~ 
50r 23.5 -1.1 (at 10~ 
stane-3, 17-dione 

up take  b o t h  above and below the  t r ans i t ion  t empera tu re .  
The da t a  in the  table  show tha t ,  below the  t rans i t ion  
t empera tu re ,  the  influence of the  two steroids on the  
increase of the  a p p a r e n t  ac t iva t ion  energy  is small  and  
similar (about  20%). Above  the  t r ans i t ion  t empera tu re ,  
the  effect  is marked ly  higher.  The increase of the  a p p a r e n t  
ac t iva t ion  energy  by  5e-andros tane-3 ,  17-dione is abou t  
8 5 0 ,  whereas  t h a t  of cortisol  is a b o u t  55%. An increase 
in [x for react ions  ca ta lyzed  by  m e m b r a n e - b o u n d  en- 
zymes has  been a t t r i b u t e d  to a reduc t ion  of m e m b r a n e  
f lu idi ty  9. 
I t  is easy  to  realize t h a t  the  inf luence of the  s teroids  on 
the  decrease of the  m e m b r a n e  f luidi ty  is h igher  above  
the  t r ans i t ion  t empera tu re ,  since a t  th is  t empe ra tu r e -  
range the  m e m b r a n e  f luidi ty  is enhanced  (in the  absence 
of these  compounds) .  A t  lower t empera tu re - range ,  on the  
o the r  hand ,  where  m e m b r a n e  f lu idi ty  is a n y w a y  reduced,  
a fu r the r  marked  reduc t ion  can n o t  be achieved by  the  
hormones .  The fact  t h a t  cort isol  is a compet i t ive  and  
5e-andros tane-3 ,  17-dione is a non-compe t i t ive  inhibi tor  
of glucose t r a n s p o r t  7 obviously  does no t  p lay  any  role. 
The Hill  coefficients of the  inhibi t ion of some m e m b r a n e  
enzymes  were used as a cr i ter ion of the  m e m b r a n e  f lu idi ty  
of ra t  e ry th rocy te s  10. F r o m  our expe r imen t s  (figure 2 a, b 
and table),  i t  can  be seen t h a t  the  Hill  coefficients of the  
glucose t r a n s p o r t  inhibi t ion by  the  two  steroid com- 
pounds  also show stat is t icaIIy d i f fe rent  values (for 10~ 
and 25~ p < 0.0005). 
Above  the  t rans i t ion  t empera tu re ,  the  absolute  values 
of the  Hill  coefficients are h igher  t h a n  below (for cortisol  
p < 0.0005, for 5 e-andros tane-3 ,  17-dione p < 0.01). This  
poin ts  to a h igher  m e m b r a n e  f lu idi ty  above the  t rans i t ion  
t empera tu re .  The in t e rp re t a t ion  of the  re la t ionship  be- 
tween  the  Hill  coefficient  and m e m b r a n e  f luidi ty is still  
u n c l e a r  11. 
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H e a v y  w a t e r  in take  in t i s s u e s .  II. H20-D~O e x c h a n g e  in the  m y e l i n a t e d  nerve  of the  frog  1 
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Summary, The kinet ic  p a r a m e t e r s  of D20 intake in t he  frog sciatic ne rve  are ob ta ined  by  means  of infrared spectro-  
scopy. 3 aqueous c o m p a r t m e n t s :  a non-exchangeab le  one (m29~o) and 2 c o m p a r t m e n t s  of quasi-free exchangeable  
wa te r  : ~ 50 % intracel lular  and  ~ 21% extracellular ,  are revealed.  

A great  deal of expe r imen ta l  s tudies  have  been devo ted  
to t he  effects of h e a v y  wa te r  on various biological sys- 
tems'~, ma in ly  because the  use of D20 is the  easiest  w a y  
to replace a normal ly  occurr ing isotope (1H) wi th  i ts  
h e a v y  isotope (2H or D), whose mass  rat io is the  grea tes t  
among  those  of all s table  isotopes.  At  the  same t ime,  th is  
considerable  a t t en t i on  is m o t i v a t e d  also by  the  as- 
sumpt ion  t h a t  the  r ep lacemen t  of l ight  wa te r  wi th  D~O 
could reveal  the  pa r t i c ipa t ion  of wa te r  in various bio- 
logical processes 3. However ,  no molecular  unde r s t and ing  
of deu te r ium isotope effects is so far avai lable;  large 
discrepancies  and  deba tes  still pers is t  w i th  respect  to  the  
significance of cer ta in  d a t a  4. In  our opinion,  th is  m a y  be 
pa r t l y  due to  t he  insuff ic ient  knowledge of the  t ime  

course of D~O incorpora t ion  in to  each biological object .  
While  no t  dealing at  all w i th  deu te r ium isotope effects on 
the  nerve,  the  aim of the  p resen t  inves t iga t ion  is twofold : 
a) to ob ta in  the  kinet ical  pa r ame te r s  of h e a v y  wa te r  in- 
take  in the  nerve,  and b) to reveal  in a p roper  way  the  

1 The first communication in this series is V. Vasilescu, D.-G. 
M~rgineanu and Eva Katona, Naturwiss. 62, 187 (1975). 
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