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(1) the enzyme acting on the receptor of the frog rectus 
muscle is pseudo ChE (see Table I I  and s), therefore 
ButCh is a good substrate of the enzyme pseudo ChE and 
also a good receptor-stimulator; 

(2) tertACh has little or no biological effect on the re- 
ceptor, because its hydrolysis in stage A produces di- 
methylaminoethanol (tertCh) which probably has a low 
affinity for the stage B receptor-component (compare 
with Table III ,  where the acyl moiety is kept constant, 
while the choline moiety changes). Thus tertACh's behav- 
four is analogous to that  of ASCh towards the muscarinic 
receptor, ASCh being a very good substrate for ChE-s, 
even though it has no affinity for the muscarinic receptor. 

M. T%VU RZEL 

The Hebrew University, Hadassah Medical School, 
Department o~ Physiology, Jerusalem (Israel), June 5, 
1959. 

Rdsumd 
Le m6canisme d'action des esters carboxyliques de la 

choline commence, probablement, par une hydrolyse en- 
zymatique provoqu6e par une des cholinest6rases. Les 
prodnits de l 'hydrolyse r6agissent avec un facteur in- 
connu, dont  la sp6cificit6 est cependant d6finissable par 
la structure du rdsidu cholinique. 

8 j .  DECHAVASSlNE, Exper. 12, 434 (1956). 

O b s e r v a t i o n s  

o n  S p o n t a n e o u s  H e m o l y s i s  i n  Shed  Blood 

The existence of a relation between the content of 
reduced glutathione of erythrocytes and their rate of 
spontaneous hemolysis has been suggested by various 
workers (LEMBERG and LEGGE1). 

FEGLER 2 concluded from a study of horse blood that 
the rate of hemolysis bears a certain relation to the extent 
of oxidation of the reduced ghtathione.  KEILIN and 
HARTREE a found that  the t reatment  of horse erythrocytes 
with sodium nitrite, though it  produced complete oxida- 
tion of the reduced gtutathione and converted the hemo- 
globin to methemoglobin, did not result in hemolysis of 
the erythrocytes unt i l  after 12 hours of storage in the 
cold. Since these two views appear to be mutually exclu- 
sive, a s tudy of the relationship between the rate of 
hemolysis of nitrite treated and untreated erythrocytes 
and their glutathione content  was attempted. 

Blood samples from 10 Bali oxen (Bos banteng), 3 mon- 
keys (Macaca cynomolgus), and 1 horse were collected in 
flasks containing potassium oxalate crystals, while those 
from 4 normal human  subjects were collected in flasks 
containing heparin. The erythrocytes were washed with 
a 1% NaC1 aqueous solution, 3~t times with centrifuging. 
Aliquots were treated with equal volumes of an isotonic 
solution of NaNO~ (1.06% in water) for 1-2 rain and the 
nitrite was removed using the saline, washing 3-4 times, 
and centrifuging. The treated and untreated erythro- 
cytes were washed twice with isotonic saline which 

i R. LEMBERG and J. W. LEOGE, Hematin Compounds and Bile 
Pigments (Interscience Publishers, Inc., New York 19.19), p. 517 
and 523. 

it G. FEGLER, Nature 170, 624 (1952). 
a D. I{EILIN and E. G. HARTREE, Nature 1.57, 210 (1946). 

contained: Streptomycin, 1 mg/ml, and 1000 units of 
penicillin, and then measured w)lumes of these cells were 
suspended, separately, in equal amounts of the isotonic 
saline. These cells were contained in centrifuge tubes, 
plugged with cotton wool and kept in a water bath at 
37°C. The total hemoglobin and hemoglobin in the super- 
natant  fluid were measured by a modification of the 
methode for p l ~ma  hemoglobin (I)AcW. 4). Reduced gluta- 
thione was measured by the uitroprusside colour reaction 
of TItOMPSON and WA'rSON s. The type of hemoglobin 
contained in the erythrocytes was determined by a paper 
electrophoretic technique (VI':LLA~). I)etermin:~tions of 
reduced glutathione in the erythroeyte suspension and 
hemoglobin in the supernatant  fluid were made at inter- 
vals of 0, 3, 6, 10, aml 24 h. 

The treatment of the erythrocytes with NaNO~ oxidised 
the glutathione completely. I u the untreated erythrocytes 
the content of reduced glutathione fell gradually to 
8-40% (average: 20%) in ox, to 15-50% (average: 36%)  
in monkey, to 53% in the horse, and to 10-16% (average: 
26%) in the human samples. The amount of hemoglobin 
in the supernatant fluid after 24 h at 37°C amounted to 
between 0.5 and 2.5% of the total hemogh)bin at zero 
time. No significant differences were detected in the rates 
of spontaneous hemolysis in the nitrite treated and un- 
treated erythrocytes from the same blood sample, though 
the rate of hemolysis appeared to be specific for each 
blood sample. The type of hemogh)bin present (A, B, C, 
AB, or AC) in the samples from oxen did not appear to 
be related to the rate of spontaneous oxidation of the 
glutathione in the untreated cells or the rate of hemolysis 
of either the treated or the untreated samples. The 
hemoglobin in the horse, the monkey, and the human 
samples was electrophoretically homogeneous and normal 
in type for each species. 

Spontaneous oxidation of reduced glutathione of shed 
blood is only one of many chemical changes taking place 
in red blood cells kept under conditions similar to those 
employed in these experiments. Loss of bicarbonate, con- 
version of glucose to lactic acid, loss of inorganic phos- 
phate from breakdown of ester phosi)hate in the cells, 
loss of K + and gain in Na + (VAI~LI.-'V ~), loss of 'labile' iron 
and bilirubin (BAI~.KAN and WALKV.R s) and of pyruvate 
(LONG 9) are well known occurrences in the human shed 
blood. 

The treatment of erythrocytes with NaNO,~ produces 
complete oxidation of reduced glutathione and converts 
oxyhemoglobin to methemogk)bin but  does not affect the 
catalase and the carbonic anhydrase activity (Kl~ILtS and 
HARTREIO); it also denatures the globin of hemoglobin 
producing 'nitrite cat-hemoglobin' (BARNARDI°), Met- 
hemoglobin formation per se does not appear to damage 
the erythrocytes (L~Mm'.RG and Ia'.GGI,: ~), 

From the present experiments, it appears that the rate 
of spontaneous hemolysis of erythrocytes from several 
species is independent of their content of reduced gluta- 
thione and is not affected adversely by the marked 
changes produced by treatment with nitrite. 
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F. VELLA. 
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Rdsurnd 

Le t r a i t e m e n t  des 6 r y t h r o c y t e s  de b0euf (Bos banteng), 
de singe (Macaca cynomolgus), de c h e v a l  e t  de su je t s  
h u m a i n s  avec  du  n i t r i t e  de sod ium n ' a  pas  d ' i n f luence  
sur  la r ap id i t6  de l ' h6molyse  spon tan6e .  

Bicarbonate E x c r e t i o n  a f t e r  P r o l o n g e d  E x p o s u r e  

to C a r b o n  D i o x i d e  i n  t h e  N o r m a l  D o g  

SULLIVAN a n d  DORMAN 1 h a v e  s h o w n  t h a t  exposure  of 
dogs to  a n  a t m o s p h e r e  c o n t a i n i n g  a p p r o x i m a t e l y  10% 
CO~ d u r i n g  per iods  e x t e n d i n g  f rom 2 to 77 days ,  m a r k e d l y  
inc reased  t h e  t u b u l a r  r e a b s o r p t i o n  of b i c a r b o n a t e .  Th i s  
i n c r e m e n t  was  m u c h  more  i m p o r t a n t  t h a n  in e x p e r i m e n t s  
where  a r t e r i a l  pCO 2 was a c u t e l y  ra ised to  s imi la r  levels.  
No s a t i s f ac to ry  e x p l a n a t i o n  was g iven  to  th i s  p h e n o m e n o n .  

P r e v i o u s  work  f r o m  th i s  l a b o r a t o r y  ~,s d e m o n s t r a t e d  
t h a t  h y p o c h t o r e m i a  increases  t u b u l a r  b i c a r b o n a t e  r eab-  
sorp t ion ,  On  t he  o t h e r  h a n d ,  h y p o c h l o r e m i a  is a c o m m o n  
c o m p o n e n t  of t h e  p l a s m a  e lec t ro ly te  p a t t e r n  of chron ic  
r e s p i r a t o r y  acidosis  in  t he  h u m a n  a. These  fac t s  seemed 
to af ford  a clue to  t he  u n d e r s t a n d i n g  of t he  process  wh ich  
increases  t he  r e a b s o r b t i o n  of b i c a r b o n a t e  b y  t he  r ena l  
t ubu le s  d u r i n g  p ro longed  exposu re  to  CO z. The  d a t a  to  
be p r e s e n t e d  d e m o n s t r a t e  t h a t  t he  f u r t h e r  increase  in  
b i c a r b o n a t e  r e a b s o r p t i o n  o b s e r v e d  d u r i n g  ch r on i c  respir -  
a t o r y  acidosis  as  c o m p a r e d  to  a c u t e  r e s p i r a t o r y  acidosis,  
is i n t i m a t e l y  l inked  to  t he  h y p o c h l o r e m i a  w h i c h  cha r ac -  
ter ises  t h e  ch ron ic  cond i t ion .  

2VIethods. 9 female  dogs, we igh ing  f rom 11 to  29 kg, 
were used  in 3 t ypes  of expe r i m en t s .  

(1) Controls (5 expe r imen t s ,  54 c learance  per iods) :  in-  
t a c t  dogs were in fused  w i t h  a so lu t ion  of 1 .2% N a H C O  s 
in 0 .1% c rea t i n ine  a t  r a t e s  r a n g i n g  f rom 8 to  10 m l / m i n ,  
a f te r  p r i m i n g  doses of 6 g N a H C O s  a n d  1 g c rea t in ine .  
P l a s m a  b i c a r b o n a t e  c o n c e n t r a t i o n  was inc reased  in a 
s tep l ike  m a n n e r  b y  3 success ive  p r i m i n g  doses  of 3 to  
9 g b i c a r b o n a t e ,  a cco rd ing  to  t h e  size of t he  an ima l ,  in-  
j ec ted  i n t r a v e n o u s l y  a t  35-45 ra in  in te rva l s .  B e t w e e n  the se  
in ject ions ,  t he  s u s t a i n i n g  in fus ion  was  p u r s u e d  a t  con-  
s t a n t  ra te ,  a n d  a r t e r i a l  b lood  a n d  ur ine  were col lec ted  
anaerobica l ly ,  

The  usual  c learance  m e t h o d  was used  t h r o u g h o u t  w i t h  
ur ine  col lect ion per iods  r a n g i n g  f rom 8 to  12 min.  F r o m  
10 to  15 c learance  per iods  were  o b t a i n e d  for e ach  ex- 
pe r imen t .  

1 w. J. SULLIVAN and P.J .  DORMAN, J. clin. Invest. 34, 268 
(1955). 

2 CH. TOUSSAINT, M. TELERMAN, and P. ~¢'EREI~RSTRAETEN, Ex- 
per. 14, 417 (1958). 

CH. TOUSSAINT, M. TELERMAN~ and P. VEREERSTRAETEN~ Ex- 
per. 16, 232 (1959). 

¢ J. R. I~*LKINTON and T. S. DANOWSKI, The Body Fluids, Basic 
Physiology and Practical Therapeutics (Williams and Wilkins Co., 
Baltimore 1955). 

(2) Acute respiratory acidosis (5 e x p e r i m e n t s ,  60 clear- 
ance  periods)  : t h e  s ame  schedule  was used as in  t h e  con- 
t ro l  e x p e r i m e n t s ,  e x c e p t  t h a t  t h e  a n i m a l s  were b r ea th ing  
8 - 1 2 %  CO~ in o x y g e n  u n d e r  v e r y  l igh t  P e n t o t h a l  anes- 
t h e s i a  d u r i n g  t he  whole  p rocedure .  P l a z m a  b i c a r b o n a t e  
c o n c e n t r a t i o n  was  s imi la r ly  ra i sed  b y  3 successive p r iming  
doses of 3 to  9 g N a H C O  3. 

(3) Chronic respiratory acidosis" (9 e x p e r i m e n t s ) :  the  
dogs were  m a i n t a i n e d  d u r i n g  4 to  6 days  in  a n  oxygen 
t e n t  c o n t a i n i n g  a p p r o x i m a t e l y  50% oxygen  a n d  f rom 7 
to  10% CO 2. These  an ima l s  were d iv ided  in to  2 groups:  
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Fig, 1.--Bicarbonate excretion rate in intact control dogs (black 
circles) and in dogs previously submitted to 4-6 days CO 2 exposure 
but breathing room air while infused with bicarbonate solution (open 
circles). Each symbol represents the mean of 3 successive urine col- 
lection periods. The mean values of pCO~ and plasma chloride con- 

centration (PC1) for each group are presented. 

(a) in the first group (4 e x p e r i m e n t s ,  54 c lea rance  pe- 
r iods) a f t e r  t h e i r  r e m o v a l  f rom t h e  t en t ,  t h e  dogs were 
s u b m i t t e d  to  t h e  s ame  p r o c e d u r e  as in  t h e  cont ro ls ,  

(b) in the second group (5 e x p e r i m e n t s ,  66 c learance 
periods) ,  1 to  3 m i n  a f t e r  t h e i r  r e m o v a l  f rom t h e  tent ,  
t h e  a n i m a l s  were  l i gh t ly  a n e s t h e t i s e d  w i t h  P e n t o t h a l  and  
s u b m i t t e d  to  t h e  same  p rocedu re  as in t he  acu t e  respira-  
t o r y  acidosis  expe r imen t s .  

Results. (1) Controls (see Fig. 1): I n  F igure  1, the  
exc re t i on  r a t e  of b i c a r b o n a t e  in  t he  i n t a c t  dogs ha s  been 
expressed  in  mMr/l of g l o m e r u l a r  f i l t r a t e  (raM~1 GF)  and  
t h e  m e a n  va lues  of t h i s  ra t io ,  c a l cu l a t ed  f rom 3 successive 
c lea rance  per iods ,  p l o t t e d  w i t h  c o r r e s p o n d i n g  p l a s m a  bi- 
c a r b o n a t e  c o n c e n t r a t i o n  m e a n  values .  T h e  l inear  correla-  
t ion  b e t w e e n  b i c a r b o n a t e  exc re t ion  r a t e  a n d  p l a s m a  bi- 
c a r b o n a t e  c o n c e n t r a t i o n  is s imi la r  to  t h a t  obse rved  by 
PITTS a n d  LOTSPEICtt s in  t he  same  t y p e  of exper iments .  
The  r e l a t i onsh ip  mee t s  t he  abcissae  a t  a p l a s m a  concen- 
t r a t i o n  va lue  of 22.5 mM]l which  c o n s t i t u t e s  t he  theore t -  
ical  t h r e s h o l d  for b i c a r b o n a t e .  The  slope of t h e  cu rve  is 
g iven  b y  t h e  r a t io  ( b i c a r b o n a t e  exc re t i on  ra te ,  mM/t  GF)/  
p l a s m a  b i c a r b o n a t e  c o n c e n t r a t i o n  mM[1-22.5). This  rat io  
h a s  a m e a n  va lue  of 0.970 for  t h e  5 e x p e r i m e n t s  ins tead  
of a t heo re t i ca l  va lue  of 1-00. I t  shou ld  be  n o t e d  t h a t  
p l a s m a  ch lor ide  c o n c e n t r a t i o n  ha s  a m e a n  va lue  of 
99 mEq/1  ( range 89-110)  d u r i n g  t he se  con t ro l  exper iments .  

5 R, F. PITTS and W. D. LOTSPEICII, Amer. J. Physiol. 147, 138 
(1946), 


