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n a c h  der  Drosse lung  zu b e o b a c h t e n  u n d  b l e ib t  fas t  un -  
ve r / inde r t  wAhrend de r  g e s a m t e n  Versuchsdauer .  Die fest-  
ges te l l t en  Di f fe renzen  zwischen Ver such  u n d  Kont ro l l e  
s ind in be iden  GefXssabschn i t t en  n i c h t  sehr  gross. (3) Die 
K o n t r o l l g r u p p e  u n d  die V e r s u c h s g r u p p e n  weisen ein um-  
gekehr t e s  Verh / i l tn i s  zwischen den  M i t o c h o n d r i e n w e r t e n  
ober-  u n d  u n t e r h a l b  der  a n g e n o m m e n e n  bzw. b e s t e h e n d e n  
Stenose  auf. W~Lhrend bet  den  K o n t r o l l e n  bet  j e d e m  Tier  
u n t e r h a l b  gr6ssere Zah len  als o b e r h a l b  v o r h a n d e n  sind,  
i s t  bet  20 yon  25 ope r i e r t en  K a n i n c h e n  o b e r h a l b  e in  
grSsserer  W e f t  als u n t e r h a l b  zu beobach t en .  D as  b e d e u t e t  

Versuchs- oberhalb der Stenose unterhalb der Stenose 
dauer in 
Tagen K M M/K K M M/K 

Kontrolle 538 10296 19,1 542 11491 21,2 
1 635 13972 22,0 582 10670 18,3 
3 630 13936 22,1 551 10237 18,6 
7 623 13770 22,1 499 9328 18,7 

14 586 12602 21,5 463 8759 18,9 
21 655 14194 21,7 566 10223 18,1 

K = erfasste <~ Kernbereiche~ (= Zellen) ; M = Zahl der zu K geh6ren- 
den Mitochondrien; M/K = Mitoehondrienbesatz pro Zelle. 

n a c h  d e m  s o g e n a n n t e n  <~Vorzeichentest~> sowohl  bet  der  
Kon t ro l l e  als a u c h  bet  den  V e r s u c h e n  Signi f ikanz  der  
Differenzen.  

Die erz ie l ten  Ergebn i s se  lassen  wesen t l i che  Hinweise  
eines phys io log i schen  A n p a s s u n g s v o r g a n g e s  n i c h t  erken-  
nen,  obgle ich ein so lcher  n i c h t  a b z u l e h n e n  ist. W i r  n e h m e n  
abe r  an, dass  die ger ingen  V e r s c h i e b u n g e n  der  Mi tochon-  
d r i enwer t e  den  ve rXnder t en  D r u c k v e r h ~ l t n i s s e n  zuer- 
k a n n t  werden  miissen.  Es  k o m m t  d u r c h  die E r h 6 h u n g  
bzw. E r n i e d r i g u n g  des Druckes  zu e ther  A n d e r u n g  de r  
Zel l form u n d  -gr6sse, die in  e iner  Vergr6sse rung  bzw. 
Ve rk l e ine rung  de r  Kernf l / i chen  ih r  M a x i m u m  er re ich t  5. 
D a d u r c h  b e d i n g t  w e r d e n  in e iner  op t i s chen  E b e n e  m e h r  
bzw. weniger  M i t o c h o n d r i e n  abgebi lde t .  

Summary. Afte r  i nduc ing  e x p e r i m e n t a l l y  a s tenosis  of 
t he  a o r t a  a b d o m i n a l i s  in  r abb i t s ,  t h e  m i t o c h o n d r i a  of t he  
aor t ic  e n d o t h e l i u m  were f luorescence-opt ica l ly  demon-  
s t ra ted ,  and  q u a n t i t a t i v e l y  i n v e s t i g a t e d  above  as well  as 
below the  stenosis.  The  changes  in t he  n u m b e r  of t he  mi to-  
c h o n d r i a  are p r o p o r t i o n a l  to  t he  va lues  of b lood  pressure,  
a n d  are discussed in r e l a t i on  to  changes  in t he  shape  of 
the  endo the l i a l  cells. 

R. MEYER u n d  J. G6TZE 

Pathologisvhes Institut der Humboldt-Universitdit, 
705 Berlin (DDR), 30. Dezember 7965. 

ATP-Dependent Ca+ +-Extrusion from Human 
Red Cells 

F r o m  the  work  of DUNHAM a n d  GLYNN 1 i t  is k n o w n  
t h a t  low Ca++-concen t ra t ions  (0.1 raM)  i n h i b i t  t he  N a - K -  
a c t i v a t e d  m e m b r a n e  A T P a s e  of h u m a n  red  cells wh ich  is 
he ld  respons ib le  for t h e  ac t ive  N a - K - t r a n s p o r t  across t h e  
m e m b r a n e .  F o r  obv ious  reasons  th i s  Ca++-sensi t ive si te  
m u s t  be  loca ted  on  t he  i n t e r n a l  surface  of t he  m e m b r a n e ,  
a n d  the re fo re  the  in t r ace l lu la r  Ca++-concen t ra t ion  in in-  
t a c t  cells m u s t  be cons ide rab ly  lower  t h a n  the  Ca++- 
c o n c e n t r a t i o n  in t he  p l a s m a  or else t he  N a - K - p u m p  
would  be  incapac i t a t ed .  T he  poss ib i l i ty  was  cons idered  
t h a t  t h i s  low in t r ace l lu l a r  Ca++-concen t ra t ion  m i g h t  be  
m a i n t a i n e d  b y  an  ac t ive  t r a n s p o r t  of Ca-ions ou t  of t he  
cell. I)UNHAM and  GLYNN1 h a d  f u r t h e r  po i n t ed  ou t  t h a t  
t he  m e m b r a n e  of red  cells con t a in s  a n  A T P a s e  which  is 
s t rong ly  a c t i v a t e d  b y  Ca++. Th i s  A T P a s e  m i g h t  be con-  
n e c t e d  to  ac t ive  o u t w a r d  t r a n s p o r t  of Ca ++ in the  same  
way  as t he  s a r c o t u b u l a r  A T P a s e  in muscle  is r e la ted  to  
t h e  C a - a c c u m u l a t i o n  in to  these  s t r u c t u r e s  ~& 

The  ques t ion  was a p p r o a c h e d  m a k i n g  use of t he  rever -  
sal  of hemolys i s  devised  b y  SZs MANAY a n d  
S T R A U B  4 in  t h e  vercion of WHITTAM 5. H u m a n  red cells 
f rom f resh ly  d r a w n  d e f i b r i n a t e d  b lood or f rom 1-2 days  
old c i t r a t ed  b lood  were w a s h e d  5 t imes  a t  r oom t e m p e r a -  
t u r e  w i t h  a fourfold  v o l u m e  of glucose-free so lu t ion  con-  
t a i n i n g  130 IzM/ml NaC1 a n d  20 itM/ml tris-chloride a t  
p H  7.2. S u b s e q u e n t l y  8 ml  of cells were hemolysed  in  
42 ml  of w a t e r  c o n t a i n i n g  5 / ~M/ m l  tris-buffer, 1 IzM CaCI 2 
a n d  va r ious  a m o u n t s  of M g - A T P a t e  (0.5-4/~?/I/ml).  Af te r  
130 see i so ton ic i ty  was  r e s to red  b y  a d d i n g  2.15 ml  of a 
3 M KCl-solut ion.  Af te r  5 ra in  s t a n d i n g  a t  r oom t e m p e r a -  
tu re ,  t he  ghos t s  were washed  w i t h  a b o u t  100 ml  of a n  

ice-cold so lu t ion  c o n t a i n i n g  130 ttM/ml NaCI, 20 izM/ml 
tris-buffer, 5 #M/ml KCt a n d  1 #M/ml CaCI, and  i n c u b a t e d  
in t he  same  so lu t ion  a t  37~ The  m e d i u m  to ghos t  
v o l u m e  ra t io  was 1.85 on  a n  average.  Ca was d e t e r m i n e d  
in t h e  m e d i u m  d i rec t ly  w i th  a complexome t r i c  t i t r a t i o n  
in 0.2 ml  samples  e a n d  in packed  ghos ts  w i t h o u t  p rev ious  
wash ing  a f t e r  d e p r o t e i n i z a t i o n  w i th  a p p r o x i m a t e l y  t he  
twofold  vo lume  of 10% t r i ch loroace t ic  acid (TAA) and  
neu t r a l i z a t i on  w i th  1-n NaOH.  Magnes ium,  hemoglobin ,  
inorganic  p h o s p h a t e  and  mersa ly l  in  concen t r a t i ons  
h ighe r  t h a n  those  p r e s e n t  in t h e  s a m p l e s  did no t  in te r fere  
w i th  the  t i t r a t ion ,  no r  did  the  T A A - p r e c i p i t a t i o n  remove  
a n y  Ca f rom samples  in  r ecovery  exper imen t s .  

The  hemolys ing  p rocedure  resu l ted  in ghos ts  con ta in ing  
Mg ATPa te ,  Ca++ and,  as m a j o r  osmot ic  cons t i t uen t ,  
KC1. I t  caused  t he  i n t e r n a l  Ca -concen t r a t i on  ( p M / m l  
ghosts)  to  be h i g h e r  t h a n  1 #]VI/ml. This  effect  is p r o b a b l y  
due b o t h  to t he  sh r ink ing  of t he  ghosts  upon  reversa l  of 
hemolys i s  a n d  some b ind ing  of Ca. The  in i t ia l  Ca -con ten t  
of A T P - t r e a t e d  a n d  con t ro l  ghos ts  was  no t  d i f ferent  how- 
ever.  F igure  1 shows t h a t  a t  37 ~ Ca emerged  f rom A T P -  
loaded  ghos t s  a t  a h igh  ra t e  a n d  t h a t  t he  release proceeded 
to a h ighe r  e x t e r n a l  c o n c e n t r a t i o n  t h a n  w i t h  cont ro l  
ghos t s  t r e a t e d  in t h e  same  way  excep t  for  the  a d d i t i o n  of 
Mg-ATPa te .  The  Tab le  and  F igure  2 p r e sen t  ev idence  
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2 W. HASSELBACH and M. MAKINOSE, Bioehem. Z. 333, 518 (1961). 
a S. EBASHI and F- LIPMANN, J. Cell Biol. 14, 389 (1962). 
4 lVL Szf']KELY, S. MANAY, and F. B. STRAUB, Acta physiol, hung. 3, 

571 (1952). 
5 R. WHITTAM, Biochem. J. 84, 110 (1962). 
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t h a t  t h i s  A T P - d e p e n d e n t  loss of Ca r e su l t ed  in a r eve r sa l  
of t h e  or iginal  g rad ien t ,  t he  f inal  i n t e rna l  Ca -concen t r a -  
t ion  be ing  co n s id e r ab ly  lower t h a n  the  c o n c e n t r a t i o n  for 
equa l  d i s t r i b u t i o n  of Ca be tween  inside a n d  ou ts ide  calcu-  
l a ted  f rom ini t ia l  c o n c e n t r a t i o n  in g h o s t s  and  m e d i u m  
and  t h e  h e m a t o c r i t  va lue .  The  d e t e r m i n a t i o n  of t he  
chlor ide d i s t r i b u t i o n  u n d e r  ident ica l  cond i t ions  show e d  
t h a t  t h e  m e m b r a n e  p o t e n t i a l  in t he  ghos t s  was  s imi la r  to 
t h a t  in i n t ac t  cells, i.e. t he  in ter ior  was  nega t i ve  b y  
5 - 8  m V E  There fo re  pass ive  Ca ++ d i s t r i bu t i on  shou ld  
lead to  an  even h i g h e r  i n t e rna l  Ca++-concen t ra t ion  t h a n  
t h a t  ca lcu la ted  on t he  a s s u m p t i o n  of equa l  d i s t r ibu t ion .  

F r o m  these  f ac t s  i t  is clear  t h a t ,  in  the  presence  of A T P  
inside t h e  ghos ts ,  C a + + - m o v e m e n t  a g a i n s t  t he  electro-  
chemica l  g r ad i en t  took  place du r ing  t he  i n c u b a t i o n  
wh ich  was  n o t  obse rved  in t he  absence  of A T P .  Severa l  
s imple  e x p l a n a t i o n s  for the  effect  could be ru led  ou t :  
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Fig. 1. Appearance of calcium in the external fluid at 37 ~ fronl 
ghosts previously hemolyscd in the presence of 1 mM CaCI~, 5 mM 
tris-buffer pH 7.2 with and without 4 mM Mg-ATPate. Hemolysis 
was reversed with KCh External medium: 130 mM Na, 20 mM tris, 
5 mM K, 1 mM Ca, 157 mM C1. Two single experiments: half syin- 
bols front blood sample I, dots from blood sample I1. l.ines drawn 

by eye. 
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Fig. 2. Single experiment. Experimental conditions as in Figure 1. 
Ca concentration in ghosts given as #M/nil ceils (not cell water). 
Notice difference in presence and absence of Mg-ATPate (2 mM 
= concentration in hemolysing fluid). Horizontal dotted line: Ca 
concentration calculated for equal distribution between ghosts and 
medium from initial concentrations and hematoerit. The straight 
lines joining the experimental points do not impty that the rates are 

constant. 

(1) T h e  P i - g r a d i e n t  f r om g h o s t s  to  m e d i u m  does  n o t  
a c c o u n t  for t he  m o v e m e n t ,  because  t he  a dd i t i on  of 5 
#M/ml p h o s p h a t e  to t he  m e d i u m  did no t  a l te r  t he  Ca- 
ex t rus ion .  (2) T h e  N a - K - g r a d i e n t s  are n o t  i nvo lved  since 
the  Ca -e x t ru s ion  also t ook  place  in to  a Na-f ree  m e d i u m  
(Na be ing  rep laced  by  K).  (3) Ope ra t i on  of t he  N a - K -  
p u m p  is no t  r equ i red  because  10 -4 (w/v) o u a b a i n  in t he  
m e d i u m  did n o t  abol i sh  t h e  C a - m o v e m e n t .  (4) I t  m i g h t  
be a rgued  t h a t  t he  Ca f o u n d  in i t ia l ly  in t he  g h o s t s  was  
adso rbed  a t  the  sur face  r a t h e r  t h a n  d isso lved  in t he  in-  
te r ior  water .  I f  t he  w a r m i n g  up  of t he  g h o s t s  or  a sh i f t  
in p H  d u r i n g  i n c u b a t i o n  h a d  re leased suc h  Ca, t h e  resu l t  
m i g h t  be s imi la r  to w h a t  w a s  observed .  However ,  w h e n  
ghos t s  were n o t  p r ec ip i t a t ed  d i rec t ly  w i th  T A A  b u t  h e m o -  
lysed in w a t e r  - t he  m e m b r a n e s  be ing  r e m o v e d  b y  h igh-  
speed  c e n t r i f u g a t i o n  a n d  Ca d e t e r m i n e d  in t he  super -  
n a t a n t  - a h i g h  ini t ia l  C a - c o n t e n t  a nd  a m a r k e d  drop  
d u r i n g  i n c u b a t i o n  was  observed ,  m u c h  as in t he  s t a n d a r d  
procedure ,  p H  m e a s u r e d  in t he  m e d i u m  s u r r o u n d i n g  
ghos t s  loaded w i th  2 m M  A T P  did no t  c h a n g e  d u r i n g  60 
m i n  i n c u b a t i o n  a t  37 ~ 

Mersa ly l  (salyrgan)  2 a t  a c o n c e n t r a t i o n  of 5 �9 lO-4M, 
appl ied  b o t h  d u r i n g  h e m o l y s i s  a n d  in the  e x t e r n a l  me-  
d ium,  r educed  t he  Ca-loss f r om A T P - l o a d e d  g h o s t s  to 
a va lue  c o m p a r a b l e  to t h a t  obse rved  in ghos t s  w i t h o u t  
A TP .  At  a c o n c e n t r a t i o n  of 5 �9 10 5 M, it  h a d  no c lear -cu t  
effect.  

These  obse rva t i ons  s u g g e s t  t h a t  h u m a n  red cells are able 
to m a i n t a i n  low in t race l lu la r  Ca++-concen t ra t ion  b y  aid 
of an  ac t ive  t r a n s p o r t  m e c h a n i s m  for th i s  ca t ion  w h ich  
der ives  i ts  e n e r g y  f rom A T P - s p l i t t i n g  a nd  ope ra t e s  inde-  
p e n d e n t l y  f r om the  N a - K - p u m p  m e c h a n i s m .  

Ca-concentration (lzM/ml mediuin-or ghosts xL 1 S.E.M.) 

0 rain 60 miu 

A B 
Medium 1.39 i 0.024 (14) 2.36 _~ 0.1 (11) 

C D 
Ghosts 2.39 ! 0.12 (11) 0.46 ~- 0.046 (5) 

Value calculated for E 
equal distribution 1.73 ~ 0.048 (11) 

Number of experiments in brackets. 2 or 4 mM ATP. Temperature 
37~ Average hematocrit 0.351. P-values: B versus D ~ 0.0002; 

B versus g % 0.0002; D versus E ~ 0.0002. 

Zusammen/assung. In  e iner  L 6 s u n g  m i t  1,39 #M/ml 
Ca ++ w a re n  r e k o n s t i t u i e r t e  m e n s c h l i c h e  E r y t h r o z y t e n  im 
S tande ,  ih ren  u r sp r i i ng l i chen  Ca-Geha l t  yon  2,39 #NI/ml 
Zellen in 60 m i n  bei 37~ auf  0,46 i~M/ml Zellen zu 
senken,  sofern  sic M g - A T P a t  en th ie l t en .  Dieser  a k t i ve  
T r a n s p o r t  war  d u r c h  g - S t r o p h a n t h i n  n i c h t  h e m m b a r ,  
k o n n t e  a be r  m i t  5 �9 1 0 - 4 M  S a l y r g a n  u n t e r d r t i c k t  werden .  
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According to whether the water content of ghosts was assumed to 
be 90 or 80%. 


