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E f f e c t  o f  A c e t y l c h o l i n e  o n  t h e  O s m o t i c  F r a g i l i t y  o f  P a p a i n - T r e a t e d  a n d  U n t r e a t e d  H u m a n  R e d  B l o o d  
Cells 

A c e t y l c h o l i n e  (ACh)  w a s  f o u n d  t o  a f f e c t  t h e  p e r m e a -  
b i l i t y  of  r ed  b l o o d  cel ls  to  i ons  ~ a n d  t o  c h a n g e  t h e i r  os-  
m o t i c  f r a g i l i t y  2. T h e s e  cel ls  a r e  p r o v i d e d  w i t h  a c e t y l c h o -  
l i n e s t e r a s e  (ACHE) w h i c h  is  l o c a t e d  on  t h e  e x t e r n a l  s u r -  
f a ce  of  t h e i r  m e m b r a n e s  3. T h e  A C h E  is i n a c t i v a t e d  b y  
t r e a t i n g  t h e  cel ls  w i t h  p r o t e o l y t i c  e n z y m e s 3 ,  a. S u c h  a 
t r e a t m e n t  w a s  r e p o r t e d  t o  h a v e  n o  e f f ec t  o n  t h e  c h o l i n e  
t r a n s p o r t  a n d  on  t h e  s o d i u m  p u m p  of t h e  cel ls  e x a m i n e d  
in  t h e  a b s e n c e  of  A C h  4. 

T h e  p u r p o s e  of  t h e  p r e s e n t  s t u d y  w a s  t o  e x a m i n e  t h e  
e f f ec t  o f  i n a c t i v a t i o n  of t h e  A C h E  of  h u m a n  r ed  b l o o d  
cel ls  b y  p a p a i n  o n  t h e  s e n s i t i v i t y  of  t h e s e  cel ls  to  t h e  h e -  
m o l y t i c  e f f ec t  o f  v e r y  h i g h  c o n c e n t r a t i o n s  of  ACh .  

P a p a i n - t r e a t e d  a n d  u n t r e a t e d  e r y t h r o c y t e s  o b t a i n e d  
f r o m  c l i n i c a l l y  n o r m a l  a d u l t s  w e r e  i n c u b a t e d  a t  r o o m  
t e m p e r a t u r e  w i t h  a c e t y l  c h o l i n e  c h l o r i d e  ( S i g m a )  in  a to -  
t a l  v o l u m e  of 1 m l  c o n t a i n i n g :  0.25 m l  ot  w a s h e d  p a c k e d  
e r y t h r o c y t e s ,  0.35 ni l  of  0~85% NaC1 s o l u t i o n  a n d  0.4 m l  
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Fig. 1. The osmotic fragility of erythrocytes after incubation for 20 h 
without ACh (O--O) or with 1.4 (O.. .  �9 14 (O-.-�9 70 (�9 
and 140 ( �9169 txmoles ACh/ml. A complete hemolysis was frequent- 
ly obtained at the incubation stage in the medium containing 0.14M 
ACh. 
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Fig. 2. The osmotic fragility of erythrocytes after incubation with 
0.14M ACh for 30 inin (&.. .  &), 60 min (A-. -&) and 20 h (O--O) and 
without it for 30-60 rain (&--&) and 20 h (O----@). 
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Fig. 3. The osmotic fragility, after 20 h incubation, of papain-treated 
erythrocytes with 0.14M ACh (�9 . . . .  �9 and without it (0---@) and 
of untreated cells with 0.14M ACh ( �9  and without it (O--@). 
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Fig. 4, The osmotic fragility, after 20 h incubation ill the presence of 
plasma cholinesterase, of papain treated erythrocytes with 0.14M 
ACh (O--O) a~xd without it (0--0) and of untreated cells with 0.14M 
ACh (O-- �9  and without it (@---0). (O--O)  represents also the par 
pain-treated cells incubated for 20 h with ACh in the presence of puri- 
fied bovine AChE or Of AChE of the electric eel. 
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of Na-  K - p h o s p h a t e  buf fe r  (0.15 M for lower and  0 .25M for 
h igher  ACh concen t r a t i ons )  a t  p H  7.5. Af te r  exposure  to  
ACh ( t ime and  c o n c e n t r a t i o n s  as i nd ica t ed  in t he  Figures) ,  
t h e  cells were w a s h e d  3 t imes  a n d  r e suspended  in 0.75 ml  of 
0.85% NaC1 solut ion.  0.1 m l  a l iquo ts  of t he  cell suspens ion  
were i n t r o d u c e d  in to  d is t i l led  w a t e r  a n d  NaC1 so lu t ions  
(3 ml) a t  c o n c e n t r a t i o n s  of: 0.85, 0.7, 0.6, 0.5, 0.4 a n d  
0.3%. Af ter  i h a t  r oom t e m p e r a t u r e ,  t h e  cell suspens ions  
were cen t r i fuged  a n d  t he  h e m o g l o b i n  c o n t e n t  in  t he  su- 
p e r n a t a n t  f luids was d e t e r m i n e d  us ing  a K l e t t  pho toco lo-  
r ime t e r  (f i l ter  No. 54). 

The  osmot ic  f rag i l i ty  of t h e  e r y t h r o c y t e s  i n c u b a t e d  for 
20 h w i th  ACh or ace ty l th iocho l ine  (AThCh) a t  concen-  
t r a t i o n s  of 10-3M to  10-~M was def in i te ly  increased.  Hi-  
ghe r  c o n c e n t r a t i o n s  of these  2 c o m p o u n d s  b r o u g h t  a b o u t  a 
g rea te r  increase  of t he  cell f rag i l i ty  up  to  a p r o n o u n c e d  or 
a comple te  hemolys is ,  i nduced  a t  t he  i n c u b a t i o n  s tage  
(Figure 1). I n c u b a t i o n  of t h e  e r y t h r o c y t e s  for 20 h w i t h  
ve ry  h igh  c o n c e n t r a t i o n  (1.4 • 10-UVI) of succ inylchol ine  
(SCh) and  b u t y r y l c h o l i n e  (BCh) caused  on ly  a smal l  in- 
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Fig. 5. The osmotic fragility of red blood cells after incubation for 20 h 
with 0.14 M concentrations of: sodium acetate ( & .... A ), choline chlo- 
ride (&--&), both acetate and choline (A-.-&)$ ACh (�9 and 
without them (O--O). 

crease in t he  osmot ic  f rag i l i ty  of t h e  ceils. The  t ime-de-  
p e n d e n t  h e m o l y t i c  effect  (Figure 2) was  due  to  t he  pro-  
duc t ion  of acet ic  acid a c c o m p a n i e d  b y  a decrease  in t he  
p H  of t he  med ium,  w h i c h  was no t  p r e v e n t e d  in isotonic  
condi t ions .  P a p a i n  t r e a t m e n t  of t h e  red  b lood cells was  
found  to abol i sh  t h i s  hemoly t i c  effect  (Figure  3). 

E x t e r n a l  A C h E  f rom b o v i n e  e r y t h r o c y t e s  (Sigma, t y p e  
I) or f rom electr ic  eel (Sigma,  t y p e  V), or p l a s m a  cholines-  
terase,  added  to t he  i n c u b a t i o n  m e d i u m  of t he  papa in -  
t r e a t e d  cells, r es to red  t he  hemolys i s  b y  ACh (Figure 4) 
a n d  b y  AThCh.  I n  a n  i n c u b a t i o n  m e d i u m  c o n t a n i n g  plas-  
m a  chol inesterase ,  a comple t e  hemolys i s  was  induced  b y  
1.4 • 10-1M bu ty ry l cho l ine ,  too. As t h i s  cho l ines te rase  
ca ta lyses  a r ap id  hydro lys i s  of bu ty ry lcho l ine ,  t he  b u t y r i c  
acid p roduced  was i n v o l v e d  in t he  h e m o l y t i c  effect  in  th i s  
case. 

N a - a c e t a t e  or chol ine  chlor ide  a t  1.4 • 10-1M concen t ra -  
t i on  h a d  no  s ign i f ican t  effect, b u t  in  t he  presence  of b o t h  
of t h e m  the  osmot ic  f rag i l i ty  of t h e  ceils was def in i te ly  
a u g m e n t e d  (Figure 5). A d d i t i o n  of acet ic  acid a t  t he  same 
mola r  concen t r a t i on ,  to  t he  buffer  c o n t a i n i n g  i n c u b a t i o n  
med ium,  lowered t he  p H  of the  m e d i u m  to p H  4-5  a n d  
induced  a comple te  hemolysis .  

The  foregoing e x p e r i m e n t a l  resu l t s  ind ica te  t h a t  inac-  
t i v a t i o n  of the  e r y t h r o c y t e  AChE b y  p a p a i n  p ro t ec t s  the  
cells f rom the  p ro found  h e m o l y t i c  effect  of ve ry  h igh  con-  
c e n t r a t i o n s  of ACh a n d  AThCh.  

Rdsumd. L 'h6molyse  des globules rouges,  incubds  avec  
de for tes  concen t r a t i ons  d ' ac6 ty lcho l ine  en  cond i t ions  iso- 
ton iques  es t  due g l ' ac ide  acdt ique  lib6r6 dans  te mil ieu.  
Cet te  h6molyse  est  c o m p l ~ t e m e n t  inh ib6e  pa r  l ' i nac t iva -  
t i on  de l ' ac6 ty lcho l ines t6 rase  6 ry th rocy t a i r e  a v e c l a  pa-  
paine .  
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Aberrant Thymus Tissue in Rat and Mouse Thyroid 
One of t he  m o s t  i m p o r t a n t  discoveries  of m o d e r n  im- 

muno logy  is t he  role of t he  t h y m u s  in the  con t ro l  of the  
i m m u n e  response.  M a n y  s tudies  h a v e  shown the  f u n c t i o n  
of th i s  g land  b y  r e m o v i n g  it, especial ly  f rom new-bo rn  
animals ,  where  i ts  role is m u c h  more  p r o m i n e n t  t h a n  in 
adul ts .  W e  w a n t  now to r epo r t  a b e r r a n t  t h y m u s  t i ssue  
located  nea r  and  in t he  t h y r o i d  g land  in mice a n d  ra ts .  I n  
these  an ima l s  t he  t h y m u s  is in  t he  thorac ic  cav i ty ,  v e n t r a l  
to  t he  base  of t he  h e a r t  a n d  aor t ic  arch.  

The  t h y m u s  is a l y m p h o i d  organ,  d i f fer ing f rom l y m p h  
nodes  in be ing  ep i the l i a l  in  origin and  c h a r a c t e r  and  in 
h a v i n g  no sinusoids.  The  t h y m i c  lobes are ep i the l i a l  
t h i cken ings  in t he  region of t he  3rd and  4 th  p h a r y n g e a l  
pouches  in 11-day-old mouse  embryos .  Dur ing  t h e  15rE 
d a y  these  ep i the l ia l  vesicles sepa ra t e  f rom the  p h a r y n g e a l  

e p i t h e l i u m  and  come to lie an t e ro l a t e r a l  to t he  hear t ,  and  
d u r i n g  t he  s u b s e q u e n t  4 days  t h e y  grow, mig ra t e  postero-  
med ia l ly  a n d  become  l y m p h o i d a l k  The  r o d e n t  t h y m u s  
h a s  a dense  cortex,  s u r r o u n d i n g  a pale, i r regular ly  a r r anged  
medul la .  The  cor tex  is composed  of dense ly  packed  
masses  of smal l  l y m p h o c y t e s  called ' t h y m o c y t e s ' .  

More t h a n  40 years  ago, oE WiNI~VARTER 2 descr ibed 
t he  poss ib i l i ty  t h a t  t h y r o i d  and  pa ra thy rOid  g lands  
include t h y m i c  t issue,  wh ich  m i g h t  be  confused w i t h  
t a n g e n t i a l  sect ions  of t h e  t h y r o i d  follicles. He t h o u g h t  
t h a t  the  t h y r o i d  a n d  p a r a t h y r o i d  cells could be  local ly 
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