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Resuits and discu,sson. I t  was found  t h a t  med i t a t i on  
p roduced  a general  increase in sa l ivary  minera ls  (Table)  
especial ly Na (70%), Mg (42%), Ca (36%) and Pj (46%). 
However  K was increased a lesser a m o u n t  (23%) and  Zn 
was no t  s ignif icant ly  al tered.  10 min  af ter  med i ta t ion  
there  was no difference,  f rom control  period,  in any  of the  
electroiytes .  The p ro te in  con ten t  of the  saliva was also 
increased dur ing  medi ta t ion .  TCA-soluble pro te in  was 
e levated  by  93% and  TCA-insoluble p ro te in  by  36%, 
leading to an overal l  increase of 60% in to ta l  protein.  10 
min  af ter  med i t a t i on  the  to ta l  p ro te in  con ten t  was still  
s l ight ly  e levated  ( + 9 % ) due main ly  to  the  23 % elevat ion 
in the  TCA-insoluble fract ion.  However ,  the  acid-soluble 
p ro te in  was s ignif icant ly  decreased ( - -12%)  at  th is  t ime.  
Sal ivary p H  was decreased (0.4 p H  unit) dur ing med i t a t i on  
and  sl ightly,  bu t  s ignif icant ly  increased (0.1 p H  unit) 10 
rain af ter  the  pract ice.  Values ob ta ined  for sa l ivary  p H  
and  minera l  con ten t  are in general  agreement  wi th  pub-  
l ished values 6. 

The sa l ivary  changes  dur ing  t r anscenden ta l  med i t a t i on  
indicate  t h a t  extracel lular  fluid e lect rolytes  m a y  also be 
a l tered dur ing  th is  s ta te .  Some of the  increase in solids is 
u n d o u b t e d l y  due to  wa te r  r eabsorp t ion  and/or  the  secre- 
t ion of a more  concen t ra t ed  saliva. However ,  the  large 
difference in the  degree of concen t ra t ion  of solids (from 
+ 11% for Zn to  + 93 % for TCA-soluble protein)  indicates  
more  t h a n  jus t  an overall  change in wa te r  concent ra t ion .  
Also, d i f ferent ia l  increase in acid-soluble over  acid-insol- 
uble protein ,  and the  fact  t h a t  the  former  is decreased 10 

rain a f te r  medi ta t ion ,  while  the  la t t e r  remains  elevated,  
indicates  a specific process involving these  substances .  
Decreased sa l ivary  p H  m a y  reflect  a s l ight  acidosis as 
d e m o n s t r a t e d  by  WALLACE et al. a. 

Studies  are cont inuing  on the  b iochemical  correlates  of 
t r anscenden ta l  med i t a t i on  and  the  role of mineral  nutr i -  
t ion  in the  mechan i sms  of consciousness.  

Rdsumd. Lors de la p ra t ique  de la <(m6ditation t rans-  
cendantale~> on a observ6 des modif ica t ions  quan t i t a t ives  
du p H  ainsi que des concen t ra t ions  en 61ectrolytes et  
prot6ines  de la salive. Apr6s 20 rain de m6di ta t ion  Oil a 
t rouv6 des var ia t ions  de cer ta ins  min6raux  saliv~res: 
Na ( + 7 0 %), Mg ( + 42 %), Ca ( + 36 %) et  phosphore  rain& 
ral ( + 4 6 % )  alors que K et  Zn n ' o n t  augment6  que tr~s 
peu. La concen t ra t ion  en prot6ines a augment6  et le p H  a 
diminu6 p e n d a n t  l 'exercice. La compos i t ion  de la saliva 
est redevenue  normale  au bou t  de 10 min  apr6s la fin de la 
m6di ta t ion.  
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A S t u d y  of  the  I n h i b i t i o n  b y  C y s t e a m i n e  on  the  S t e r o i d  1 1 / 3 - H y d r o x y l a t i o n  

Recent ly ,  i t  was found t h a t  the  adrenos ta t i c  effect  of 
cys teamine  on the  cor t icos terone b iosynthes is  was caused 
by  an inh ib i t ion  of the  11fi-hydroxylase sys tem in the  
adrenal  cor tex  ~-a. W i t h  respec t  to  th is  effect, cys teamine  
is comparab le  to m e t y r a p o n e  4 and s imilar  a romat ic  
subs t ances<  This confo rmi ty  is surpr is ing because 
cys t eamine  is a l iphat ic  and  has a free su l fhydry l  (SH)- 
group  wi th  reduc ing  proper t ies .  Therefore,  one would 
assume t h a t  the  mechan i sm of inh ib i t ion  by  cys teamine  
m u s t  be d i f fe rent  f rom t h a t  by  me ty rapone .  

As a f i rs t  po in t  of reference for the  act ion mechanism,  
the  inh ib i t ion  of the  s teroid  11fl-hydroxylase sys t em by 
cys teamine  was quan t i t a t i ve ly  compared  wi th  t h a t  caused 
by  me ty rapone .  F u r t h e r  expe r imen t s  were based on the  
fact  t h a t  the  m e t y r a p o n e  inhib i t ion  of the  11 f l -hydroxyL 
ase is specific, as the  s teroid  C21 hydroxy la se  is un-  
affectedG, 7. Therefore,  cys t eamine  and m e t y r a p o n e  were 
also compared  wi th  respec t  to the i r  inf luence on the  C 21 

hydroxyla t ion .  In  a th i rd  series of exper iments ,  cyste-  
amine  was compared  wi th  chemical ly  re la ted  subs tances  
as to the  effect  on the  11fl-hydroxylase.  
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Table I. Steroid llfl-hydroxylase inhibition by cysteamine and metyrapone 

Concentration of inhibitor (M) 
Inhibitor Enzyme activity Control 0.4 • 10 -4 1.0 • 10 -4 2.0 X 10 -4 4.0 • 10 -~ 

Metyrapone absolute 28.51i0.99 t5.02=[=0.7 ~ 9.61~0.63 ~ 7.39~=0.44 b 5.64=I=0.2 
% 100 53 34 26 20 

Cysteamine absolute 28.61• 20A9:k0.62 13.80~0.74 9.46• 6.23• 
% 100 73 4g 33 22 

Enzyme activity, calculated for nM/mg protein/h (absolute) and percent of control value. Adrenal homogenates, 4 incubations per dose. 
Mean i S.D. t-test. All experimental values are significantly different from control values with P < 0.001. Significance of difference 
between metyrapone and cysteamine: , P < 0.01; o P < 0.001. 
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Table II. Inhibition of steroid l l f i -hydroxylase by various sulfhydryl substances 

EXPERIENTI& 30/9 

Substance Functional groups Enzyme activity Control 4 • 10 -4 M 4 • 10 -8 M 

1. Cysteamine (12) C-NH~ Absolute 18,79 ~ 1.32 4.81 • 0.68 1.29 ~ 0,42 

C-SH % 100 26 7 

2.2-Aminoethanol (8) C-NH 2 Absolute 21.33 =c 2.24 21.78 4- 2.02 20.47 :t= 1.60 
I 

C-OH % i00 102 96 

3. Mercaptoethanol (6) C-OH Absolute 24.98 ~ 3.61 21.64 ~= 2.5 22.68 ~= 1.26 
/ 

C-SH % 100 87 91 

4. Cystamine (8) C-NH~ Absolute 16.97 • 0.69 5.62 ~ 0.51 2.04 • 0.16 
I 

C-S % 100 33 12 
I 

c - s  

C-NH~ 

5. Cysteine (8) COOH Absolute 18.18 2:1.22 17.27 • 1.78 17.79 • 0.92 
I 

C-NH~ % 100 95 98 
/ 
C-SH 

6.1, 2-Ethandithiol (8) C-SH Absolute 22.58 ~= 0.97 15.78 ~ 0.79 6.12 2~ 0.74 
I 
C-SH % 100 96 27 

7.2, 3-Dimereaptopropanol (8) CH2OH Absolute 16.97 J= 0.69 13.23 ~ 2.9 7.45 =L 0.47 
I 

C-SH % 100 80 44 
L 
C-SH 

Figures in brackets = number of incubations per dose. All experimental values are significantly different from the vaIues for eysteamine 
Otherwise see Table I. 

Materials and methods. Enzyme activity. 1. Homogena tes .  
4 adrenals  f rom 2 ra ts  (SIV Kisslegg) were used for one 
homogena te .  

2. Steroid 11fi-hydroxylase.  The enzyme ac t iv i ty  was 
measured  by  the  change in f luorescence due to  increasing 
concen t ra t ions  of cor t icos terone t h a t  indica te  the  ra te  of 
hyd roxy la t i on  of deoxycor t icos te rone  (DOC). The de- 
t e rmina t ions  were carr ied out  according to ROSENTHAL 
and NARASIMHULU 7 and  NETTER et al. s. The adrena l  
homogena tes  were p repared  in isotonic sucrose solut ion 
(0.25 M sucrose;  0.02 M Tris; 0.005 M EDTA).  An 
al iquot  of t he  homogena t e  conta in ing  2 mg p ro te in  was 
incuba ted  wi th  shaking for 60 rain a t  37~ in 1.35 ml  
p h o s p h a t e  buffer  (0.04 M ;  p H  7.4) in t he  presence  of the  
N A D P H  regenera t ing  sys tem and af ter  add i t ion  of 
1 •  -~ M DOC as subs t ra te .  N A D P H  regenera t ing  
sys tem:  0.74 • 10 -2 M po tas s ium fumara t e ;  0.74 • 10 .3 M 
n ico t inamide  ; 1.85 • 10 -~ M glucose-6-phosphate  ; 3 • 10 -3 
M MgC12; 9 • 10 4 M NADP.  Chloroform ex t rac t ion  of 
t he  incubates .  The cor t icos terone con ten t  was de t e rmined  
f luorometr ical ly  9. 

3. Steroid C21 hydroxylase .  Microsomal suspensions 
f rom adrenals  of f reshly killed calves were used.  The 
enzyme ac t iv i ty  was measured  by  a colour reac t ion  
ind ica t ing  the  oxyda t ion  of 17 e -hydroxy ,p roges t e rone  to  
11 deoxycor t isole  s,l~ The incuba t ion  med ium was 
a lbumin  glycylglycine buff6r (pH 7.4) which  conta ined  
the  following : 3.3 X 10 -a M glucose-6-phosphate  ; 0.6 • 10-3 
M N A D P ;  0.03 ~zl g lucose-6-phosphate  dehydrogenase .  
2 •  -~ M 17e-hydroxy-p roges te rone  was used as 
subst ra te .  

Drugs and reagents. 1 ( + )  ascorbic acid, Merck, No. 127 
p.a. ;  cys t eamine  hydrochlor ide ,  Merck, No. 2835; 
cys t amine  dihydrochlor ide ,  Merck, No. 2834; 1 ( + )  
cys te ine  hydroehlor ide ,  Merck, No. 2839; 2-aminoethanol  
(e thanolamin)  Schuchardt ,  No. ME 013; 2-mercapto-  
ethanol ,  Schuchard t ,  No. AM 031; 1 .2-ethandi thiol ,  
Schuchardt ,  No. A E  012; 2 .3 -d imercap to- l -p ropanol ,  
Schuchardt ,  No. DL 426. Glueose-6-phosphate  dehydro-  
genase, Boehr inger  suspension,  No. 15303. Metyrapone ,  
Ciba-Geigy AG., Basel. The  drugs were added  to the  
incuba t ion  med i u m in a final concen t ra t ion  ranging 
f rom 0.4 • 10 -~ M to 4 • 10 -a M, 

The resul ts  are given as mean  value and s t a n d a r d  
deviat ion.  S tuden t ' s  t-test.  

Experimental results and conclusion. 1. The inh ib i to ry  
effect  of cys teamine  on the  C 11 f i -hydroxylase was s l ight ly  
weaker  t h a n  t h a t  of m e t y r a p o n e  b u t  in the  same order  of 
magn i tude  (Table I). 

2. Da ta  of the  l i te ra ture  were conf i rmed G, s, ,0 according 
to  which  the  C21 hydroxy lase  was inh ib i ted  by  ascorbic 
acid bu t  no t  by  me ty rapone .  (0.1 • 10 -4 M to 1.0 • 10 -3 M). 
Cys teamine  also did no t  affect  the  C 21 hydroxylase ,  t hus  
demons t r a t i ng  anew the  s imi lar i ty  of i ts  inf luence on 
cort ico-steroidogenesis  to  metyrapone .  
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3. The  compar i son  of c y s t e a m i n e  w i t h  t h e  s t r u c t u r e  
ana logues  2 - a m i n o e t h a n o l  a n d  m e r c a p t o e t h a n o l  showed  
t h a t  t h e  i n h i b i t i n g  effect  was  lost  w h e n  e i the r  t h e  sulf- 
h y d r y l  (SH) group  or t he  a m i n o  (NH2) g roup  was  re- 
p laced  b y  a h y d r o x y l  (OH) g roup  (Table  I I ,  No. 1, 2 a n d  
3). F r o m  these  resu l t s  one m u s t  conc lude  t h a t  t he  inh ib i -  
t i on  b y  c y s t e a m i n e  requi res  t he  c o m m o n  presence  of t h e  
S H  a n d  N H  2 group.  This  i n t e r p r e t a t i o n  is also s u p p o r t e d  
b y  t he  s t rong  i n h i b i t i n g  effect  of c y s t a m i n e  (No. 4) t h o u g h  
th i s  s u b s t a n c e  ha s  no free S H  group.  However ,  t he  
disulf ide group  of c y s t a m i n e  becomes  r ap i d l y  reduced  in 
vivo~S, la and,  in  t h e  presence  of l iv ing  t i ssue  and  cells, 
also in v i t ro  ~4. 

These  f ind ings  a r e i n  co r respondence  w i t h  t he  con jec tu re  2 
t h a t  t he  i n h i b i t i o n  b y  c y s t e a m i n e  of t h e  11 f l -hydroxylase  
is caused  b y  t he  f o r m a t i o n  of mixed  disulfides.  Accord ing  
to  ELDJARN and  PIHL 15, on ly  t he  r a d i o p r o t e c t i v e  th io ls  
a n d  disulf ides  are  able  to  fo rm mixed  disulfides.  F r o m  
th i s  p o i n t  of view, t h e  co r respond ing  b e h a v i o u r  of cys te-  
a m i n e  and  c y s t a m i n e  in r a d i o p r o t e c t i o n  (for ref. see 
BACQ x6) a n d  11 f l -hydroxylase  i n h i b i t i o n  is r emarkab le .  
The  sugges ted  role of mixed  disulf ide f o r m a t i o n  for t h e  
i n h i b i t i o n  of t he  11 f l -hydroxylase  is s u p p o r t e d  b y  t he  
i n a c t i v i t y  of cys te ine  (Table  I I ,  No. 5) t h a t  is u n a b l e  to  
form mixed  disulf ides  a n d  to  exe r t  s u b s t a n t i a l  radio-  
p ro t ec t i on  in vivo.  

Un l ike  subs t ances  w i t h  one S K  group,  subs t ances  
ca r ry ing  two  S H  groups  showed  a s ign i f i can t  11 fl- 
h y d r o x y l a s e  i n h i b i t i o n  (Table  I I ,  No. 6 and  7). However ,  
t he  effect  of these  subs t ances  was m u c h  weaker  t h a n  t h a t  
of c y s t e a m i n e  and  cys t amine .  This  weakness  in h y d r o x y l -  
ase i n h i b i t i o n  is parMleled b y  a n  i nab i l i t y  to  fo rm mixed  
disulf ides and  to exer t  r a d i o p r o t e c t i o n  in an ima l s  ~r 

F r o m  these  resu l t s  i t  is conc luded  t h a t  t he  m e c h a n i s m s  
of t he  11 f l -hydroxylase  i n h i b i t i o n  exer ted  b y  m e t y r a p o n e ,  

a n d  b y  mixed  d isu l f ide- forming th io ls  and  b y  di- thiols ,  
differ  f rom each  o t h e r  in  var ious  ways.  

Zusammen/assung. C y s t e a m i n e  h e m m t  die Steroid  11 fl- 
H y d r o x y l a s e  schw/icher  als Me ty rapon ,  j edoch  stXrker als 
Dithiole .  Der  Cys t eamine f f ek t  is t  an  die K o n f i g u r a t i o n  
- S H - N H -  gebunden ,  welche die B i l dung  gemisch t e r  
Disulf ide erm6gl icht .  Es  werden  Un te r s ch i ede  im mole-  
ku la ren  Mechan i smus  der  H e m m w i r k u n g  zwischen den  
drei  S to f fg ruppen  a n g e n o m m e n .  
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Effet cumulatif  de plusieurs anions sur une activit6 ATPasique Mg2+-d6pendante, de la 
fraction microsomale  des pl6opodes de Sphaeroma serratum (Fabricius) 

Le sys t~me d ' o s m or 6gu l a t i on  de Sphaeroma serratum 
p e r m e t  k ce c rus tac6  isopode de m a i n t e n i r  s e n s i b l e m e n t  
c o n s t a n t e  la compos i t i on  ion ique  de son h 6 m o l y m p h e  
malgr6  les v a r i a t i o n s  i m p o r t a n t e s  de la sa l ini t6  du  mil ieu 
environnant. 

Des ~tudes antgrieures i ont montr6 que les membranes 
plasmiques des cellules constitutives du tissu ~pith61ial 
des p l6opodes  s 6 p a r a n t  le mi l ieu  in t6 r i eu r  du  mil ieu am-  
b i a n t  c o n t e n a i e n t  une  for te  ac t iv i t6  A T P a s i q u e  Na+  - -  K+ 
d6pendan t e ,  avec  deux  aff ini t6s  d i s t inc tes  p o u r  c h a c u n  de 
ces ions. U n  mod61e de r6gu la t ion  des ions Na+ et  K+ 
a 6t6 a ins i  p ropos6  f a i s an t  i n t e r v e n i r  2 p o m p e s  g sod ium 
c h a c u n e  sous la d 6 p e n d a n c e  d ' u n e  A T P a s e - ( N a  + -- K+). 

Le fa i l  qu ' i l  exis te  u n  t r a n s p o r t  ac t i f  d ' a n i o n s  dans  des 
t i ssus  6pi th61iaux com par ab l e s  g celui des endopod i t e s  
c o m m e  les b r anch i e s  de poisson e u r y h a l i n  2 et  une  A T P a s e  
s t imul6e  p a r  les an ions  darts d ' a u t r e s  t i ssus  6pi th61iaux 
4ga lement  impl iqu6s  d a n s  des processus  de secr6t ion 
ionique  c o m m e  la m u q u e u s e  gas t r ique  a o u  p a n c r 6 a t i q u e L  
nous  a inci t6  g che rche r  si la r6gu la t ion  du  c o n t e n u  ioni- 
que  de l ' h 6 m o l y m p h e  n ' 6 t a i t  pas  6ga lement  sons le con- 
t rd le  d ' u n e  p o m p e  g an ion  e l le-m6me d 6 p e n d a n t e  d ' u n e  
A T P a s e  sp4eifique. Les ca rac t6 r i s t iques  d ' u n e  telle en- 
zyme  son t  pr6sent6es  ici. 

Techniques. Les pl6opodes  son t  pr61ev6s e t  homog6-  
n4is6s darts u n  t a m p o n  h i s t id ine - imidazo le  5 • 1 0 - 4 M  
p H  7,4. Lorsque  cela est  n6cessaire,  l ' h o m o g 6 n a t  est  divis6 

e n s e s  d i f f6rentes  f r ac t ions  subcel lu la i res  pa r  cen t r i fuga-  
l ion  diff6rent ie l le  qu i  son t  caract6r is6es u l t 6 r i eu remen t  
p a r  le dosage d ' e n z y m e s  sp6cif iques de ces f r ac t ions :  
A T P a s e  (Na + -- K+) p o u r  les m e m b r a n e s  p lasmiques ,  
cys  c oxydase  p o u r  les m i tochondr i e s  ( t echn ique  
de LEIGttTON et  al. s). 

L ' a c t i v i t 6  de l ' A T P a s e  - Mg ~+ e t  de l ' A T P a s e  s t imul6e  
p a r  les an ions  son t  mesur6es  s i m u l t a n 6 m e n t  d a n s  un  mi-  
l ieu c o n t e n a n t  20 s 40 ~zg p ro t6 ine /ml ,  2 m M  Mg (CH~ 
COO~), 2 m M  ATP,  60 m M  de t a m p o n  tris glycyl-glycine 

p H  8,0, 10 -4 g o u a b a i n e / m l  0.5 m M  E D T A  en pr6sence 
ou n o n  de 20 m M  de l ' an ion  consid6r& Apr~s 30 m i n  
35~ la r6ac t ion  est  s topp6e  p a r  a d d i t i o n  d ' ac ide  t r ich lor -  
ac6 t ique  glac6 ~ 10%'  et  le p h o s p h a t e  i no rgan ique  lib~r~ 
es t  dos6 p a r  une  t e c h n i q u e  vois ine  de celle de F i s x ~  et  
S~nBAROW s. L ' a c t i v i t 6  de l ' A T P a s e  sensible  a u x  an ions  

1 j .  PHILIPPOT, M. THUET et P. THUET, Comp. Biochem. Physiol. 
dZB, 231 (1972). 

2 j .  MAETZ, Phil. Trans. R. Soc. Lond. B262, 209 (1971). 
3 D. K. KASBEKAR et R. P. DURBIN, Biochim. biophys. Acta 105, 472 

(1965). 
4 B. SIMON et L. THOMAS, Biochim. biophys. Acta 288, 434 (1972). 
5 F. LEIGHTON, B. POOLE, H. BEAUFAY, P. BAUDHUIN, J. W. COFI~EY, 

S. FOWLER et CH. DE Duvs, J. Cell Biol. 37, 482 (1968). 
C. H. FISKE et Y. SUBBAROW, J. biol. Chem. 66, 375 (1925). 


