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Tabelle 

[EXPERItgNTIA VOL. XV[ll] 

Isoxanthopterin und Derivate 

Gelb- Sehwarz- Gelb- 
.... !iere ] t!ere n .  P tiere 

I l 
Rumpf  . . . . .  [ 626 I 468 39 0,0002 340 
Schwartz . . . .  ' 339 332 39 >0,05  303 
Auge . . . . . .  - - *  - - *  - - *  - - *  213 

* Substanzmenge fiir eine vergleichende Bestimmung zu klein 

Gelbes Pterin 

Sehwarz- 
tiere n 

247 39 
298 39 
156 9 

P 

0,0002 
>0,05  
0,0002 

Photolabiles Pterin 

Gelb- Schwarz- 
tiere tiere n 

290 210 39 
211 t92 39 

40 22 9 

P 

0,0002 
>0,05 
0,0002 

Es  h a n d e l t  s ich dabe i  u m  I s o x a n t h o p t e r i n ,  e in  d e m  Iso- 
x a n t h o p t e r i n  n a h e s t e h e n d e s  P t e r in ,  2 -Amino-4 -oxyp te -  
r in ,  ein gelbes sowie ein s t a r k  pho to l ab i l e s  P t e r i n  (vgl. 
ZIEGLER-GONDER% Le tz t e r e s  dfirf te  wie bei  Drosoph i l a  
eine T e t r a h y d r o - V e r b i n d u n g  sein, j edoch  is t  die Kons t i -  
t u t i o n  sowohl  des ge lben  als a u c h  des p h o t o l a b i l e n  P t e r i n s  
n o c h  n i c h t  gekl/ ir t .  

Es  e r h o b  s ich n u n  die Frage ,  ob  de r  inorpholog ische  
F a r b w e c h s e l  des F e u e r s M a m a n d e r s  von  e iner  q u a n t i t a -  
r i ven  V e r s c h i e b u n g  in de r  Menge de r  P t e r i n e  beg le i t e t  ist.  

Dazu  w u r d e n  je 17 j u n g e  L a r v e n  d e m  U t e r u s  eines 
M u t t e r t i e r e s  e n t n o m m e n  u n d  wechselweise  in  zwei Glas-  
b e c k e n  gesetz t ,  die m i t  P l a k a - F a r b e  al lsei t ig s chwarz  bzw.  
getb  ges t r i chen  u n d  m i t  Z a p o n l a c k  t iberzogen waren .  
N a c h  6 W o c h e n  (SVasse r t empera tu r  14-16 ° C, F t i t t e r u n g  
m i t  l e b e n d e n  Tubi fex)  s t a n d e n  die Tiere  k u r z  v o r  de r  
M e t a m o r p h o s e .  

Die  au f  ge lbem U n t e r g r u n d  gezogenen  Tiere  (=Gelb t ie re )  
ze ig ten  wesen t l i ch  gr6ssere  ge lbe  Area le  als die Schwarz -  
t ie re :  die Me lan inbez i rke  zwischen den  e inze tnen  ge lben  
F l ecken  w a r e n  i m  Verg te ich  zu d e n  S c h w a r z t i e r e n  tei l-  
weise v e r s c h w u n d e n  u n d  m i t  ge lbem P i g m e n t  erffillt ,  so 
dass  bei  d e n  m e i s t e n  T ie ren  n e b e n  zwei d u r c h g e h e n d e n  
ge lben  Lt tngss t re i fen  a u s g e d e h n t e  Ge lba rea l e  a n  den  
F t a n k e n  e n t s t a n d e n  waren .  

Zu r  q u a n t i t a t i v e n  B e s t i m m u n g  de r  P t e r i n e  wurde  die 
H a u t  m i t  de r  a n h ~ n g e n d e n  M u s k u l a t u r  a b p r ~ p a r i e r t ,  in  
zwei Teile ge te i l t  (1. R u m p f :  zwischen  V o r d e r b e i n e n  u n d  
H i n t e r b e i n e n ;  2. Schwanzte i l ) ,  sowie die A u g e n  ausge-  
n o m m e n  u n d  alles im D u n k e l n  bei  60 ° C ge t rockne t .  Die 
rein ze r r i ebenen  P r o b e n  w u r d e n  m e h r m a l s  m i t  n /10  HCI 
bei  50 ° C im D u n k e l n  5 -6  h lang e x t r a h i e r t  u n d  die ver-  
e in ig ten  E x t r a k t e  im V a k n u m  fiber  K O H  zur  T r oekne  
e ingedampf t .  N a c h  Auf i6sen  in  e iner  k o n s t a n t e n  Menge 
n/10 N H 4 O H  u n d  C h r o m a t o g r a p h i e  g le ichgrosser  P r o b e n  
m i t  B u t a n o l / E i s e s s i g / W a s s e r  (4 : 1 : 5) e r g a b e n  s ich 3 P t e -  
r i n z o n e n :  eine v i o l e t t b l a u  f luoresz ie rende  (vorwiegend  
I soxa .n thop te r in  u n d  i h m  n a h e s t e h e n d e  P t e r i n e z o n e ) ,  das  
ge lbgef~rb te  u n d  gelb f luoresz ie rende  sowie das  s t a r k  
pho to l ab i l e  P t e r i n  ~. 

Die q u a n t i t a t i v e  A u s m e s s u n g  er fo lg te  m i t  e inem F luo-  
r o m e t e r  zur  A u s w e r t u n g  yon  P a p i e r c h r o m a t o g r a m m e n  
(vgl. KOHN s) n n d  e rgab  fo lgende  R e s u l t a t e  (Tabelte) .  

W i r  sehen,  dass  in  de r  Rump#egion bei  d e n  G e l b t i e r e n  
s~imtliche P t e r i n e  - n i c h t  n u r  da s  als ge lb l icher  F a r b s t o f f  
s i c h t b a r e  - n m  e t w a  35% z u n e h m e n .  Die Di f fe renzen  s ind  
gu t  gesicher t .  

I. ZIEGLER-GONDER, Z. NaturI. "11b, 493 (1956). 
v Durch die Behandlung mit warmer n[lO HCI sind die Pterin- 

komponenteu qualitativ gegcn/iber sehr milden Extraktionsbedin- 
gungen (z. B. n/50 NH4OH ) teilweise vcrfindert. Einc quantitative 
Extraktion w~ire abcr in diescm Falle nicht mSglich. Das gelbe 
und das photolabile Pterin sind jedoch unverfindert erhalten. 

8 A. KO~N: Naturwiss. 42, 529 (1955). 

A u c h  das  gelbe P t e r i n  im retinalen Pigmentepithel s te ig t  
u m  u n g e f ~ h r  den  gle ichen B e t r a g  (Differenz g u t  ge- 
s icher t ) ,  w / th rend  das  p h o t o l a b i l e  sogar  u m  82% gegen- 
f iber  d e n  S c h w a r z t i e r e n  v e r m e h r t  ist.  

Der  <<morphologische,> F a r b w e c h s e l  i s t  b e i m  Feuer -  
s a l a m a n d e r  s o m i t  y o n  e iner  q u a n t i t a t i v e n  V e r s c h i e b n n g  
in de r  P t e r i n m e n g e  begle i te t .  W e i t e r e  U n t e r s u c h u n g e n  
mf i ss ten  zeigen, ob  a u c h  a n d e r e  P i g m e n t e  - z u m  Beispiel  
das  in de r  E p i d e r m i s  de r  ge lben  Area le  gelegene Carot i -  
n o i d -  g le ichs innige  V e r ~ n d e r u n g e n  auLveisen.  

B e m e r k e n s w e r t  i s t  die s t a rke  Z u n a h m e  des photolabilen 
P t e r i n s  in  r e t i nMen  P i g m e n t e p i t h e l  de r  Ge lb t i e re  im 
Gegensa t z  zu r  H a u t ,  wo das  Verh / i l tn i s  ge lbes  P t e r i n /  
p h o t o l a b i l e s  P t e r i n  k o n s t a n t  b le ib t .  Die r e l a t i v  st~irkere 
Z u n a h m e  des  p h o t o l a b i t e n  P t e r i n s  k a n n  e inerse i t s  d u r c h  
eine s t e t i g  h 6 h e r e  Z u w a c h s r a t e ,  ande re r s e i t s  d u r c h  ein 
rascheres  E i n s e t z e n  de r  S y n t h e s e  i m  Verg le ich  zu den  
a n d e r e n  P t e r i n e n  bzw. im Verg le ich  z u r  H a u t  b e d i n g t  
sein.  D a  die A n p a s s u n g  a n  den  U n t e r g r u n d  d u r c h  das  
Auge  v e r m i t t e l t  w i rd  (vgl. ODIORNE l), k 6 n n t e  eine n/ ihere  
Ana ly se  v ie l l e ich t  E i n b t i c k e  in  die n o c h  vSll ig u n b e -  
k a n n t e n  k a u s a l e n  Z u s a m m e n h ~ n g e  zwischen  B o d e n f a r b e  
u n d  F t t r b u n g  des Tieres  b r ingen .  

IRMGARD ZIEGLER-GONDER* 

Zoologisches [nstitut der Universitdt Miinchen, 5. Mai 
1959. 

Summary 

C o n c o m i t a n t l y  w i t h  t he  morpho log ica l  co lour-change ,  
l a rvae  of S a l a m a n d r a  s a l a m a n d r a  show a q u a n t i t a t i v e  
c h a n g e  in t h e i r  p te r id ines .  Af te r  be ing  r ea red  on  a yel low 
b a c k g r o u n d ,  all  p t e r id ines  of t h e  sk in  ( i soxan thop t e r i n  
a n d  i ts  de r iva t ives ,  yel low p te r id ine ,  pho tosens i t i ve  
p te r id ine)  increase  b y  a b o u t  1/3 as c o m p a r e d  w i t h  the  
a n i m a l s  on  a b l a c k  b a c k g r o u n d .  I n  t h e  r e t i na l  p igmen t -  
l ayer  especial ly,  t he  p h o t o s e n s i t i v e  p t e r i d i n e  is a u g m e n t e d .  

* Jctzige Anschrift: Botanisches Institut der Technis9hen Hoch- 
sehule Darmstadt. 

A S u g g e s t e d  M e c h a n i s m  for the  Act ion  of Choline 
Es ters  on  A n i m a l  O r g a n s ,  inferred f r o m  a Study 
of the Effect of C h o l i n e - ,  f l - m e t h y l c h o l i n e - ,  and 

T h i o c h o l i n e -  es ters  

I n  p r ev ious  works~, ~, we sugges ted  t h a t  t he  ra te-  
d e t e r m i n i n g  s t ep  in t h e  ac t ion  of a chol ine  (Ch) es te r  on 

1 M. WURZEL, XX th Int. Congr. Physiol. Brussels 1956, Abstracts 
of Communications, p. 980. 

2 M. WURZEL and N. SAPIIIKA, S. A. J. lab. clin. Ned. 4, 229 
(1958). 
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Table I 
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Choline 
fl-methylcholine 
Thiocholine 

Choline 

fl-methylcholine 

Thiocholine 

I. Hydrolysis by Enzyme 

II. Potency on Organs ...... 

guinea-pig intestine . . . : 

cat blood pressure fall 

guinea-pig intestine . . . 
cat blood pressure fall 

cat blood pressure fall 
(atropine sensitive) slightly 

active 

Prop But 

True ChF 

1-3.7 100-200 
1.9 200< 
1.2 125 

Musearinic responses 

19 
37 

24 
39 

inactive 

510 
2,900 

4,500 
820 

inactive 

Benz 

OO 

O0 

2,600 
110,000 

500,000< 
82,000 

inactive ? 

The  figures for the  enzyme are relat ive rates of hydrolysis obtained by dividing the ra te  of hydrolysis  of the accty l  
ester  by  the  rates  of hydrolysis  of each of the o ther  esters, thus  the rate  of hydrolysis  of tile acetyl  es ter  is t aken  

as unity. 
The  figures for the  organs are relat ive equipotent  molar  concentrat ions obtained by dividing the  equ ipo ten t  molar  
concen t ra t ion  of  each ester  by  tha t  of the acetyl  ester, Thus higher figures represent  lower rates of hydrolysis  

and lower potencies respectively.  

The  figures for SCh ester  hydrolysis were computed  from KOELLI,:% except  t ha t  for PropSCh.  

a l iv ing organ migh t  be its rate  of hydrolysis by one of 
the cholinesterases (ChE). The  exper imental  evidence for 
this was the  observa t ion  t h a t  a series of choline esters of 
carboxyl ic  acids, when applied to different animal organs, 
showed an order  of po tency  parallel  to the order of their 
rates of enzymat i c  hydrolysis ,  both  with true ChE (in the 
case of 'muscar inic- ' )  and wi th  pseudo ChE {in the case 
of 'n icot inic- '  effects). I t  was also shown ~:  tha t  when 
equ ipo ten t  doses of different  choline esters, i.e. concentra- 
t ions causing half  the  m a x i m u m  contract ion of a muscle, 
are added to an ident ical  concentra t ion of true- or pseudo- 
ChE, t h e y  yield the  same amoun t  of reaction products 
(choline + carboxyl ic  acid) per uni t  of t ime. For  example : 
in the  case of smooth  muscle contraction,  500 molar con- 
cent ra t ion  units of butyry lchol ine  (ButCh) are equipotent  
wi th  1 of acetylchol ine  (ACh) ; furthermore,  100-200 such 
units of Bu tCh  give the  same amoun t  of end-products per 
minu te  as 1 uni t  of ACh, when hydrolyzed by an identical 
concen t ra t ion  of t rue  ChE. 

Carbaminoylchol ine  (CarbCh) is biologically as potent  
as ACh, b u t  is not  hydrolyzed  by  ChE-s. Since CarbCh is 
a carbamic  acid ester, i t  differs from ACh only in having 
the CHa-group of acet ic  acid replaced by a NH~-group. 
I t  migh t  therefore  be though t  tha t  the receptor, i.e. the 
sensit ive site on the  organ, on which a compound added 
f rom outs ide  acts, would  be the  same for both ACh and 
CarbCh. I t  migh t  then  be argued tha t  as hydrolysis plays 
no pa r t  in the  biological act ion of CarbCh, neither does 
i t  do so in t he  case of ACh. 

According to VV'ILSON and NACHMANSOHN 5, in the bio- 
logical a c t i v i t y  of  carboxyl ic  choline esters, 'hydrolyt ic  
ac t iv i ty  is no t  a prerequis i te  for receptor  ac t iv i ty ' ;  how- 
ever  t h e y  also add t h a t  ' a l though there is no proof tha t  
such is the  case, ne i ther  is there  proof to the contrary ' .  

M. WU~ZEL, Bull. Res. Council Israel 5A, 303 0956). 
4 M. ~VuRzEL, submitted for publication A (1959). 
8 I. n. WILSON and D. N A C H M A N S O H N ,  in Ion Transport Across 

Membranes (by H. T. Clarke, Ed., Academic Press, New York 1954), 
p. 6~. 

6 G. B. KOELLE, J. PharmacoL exper. Thcrap. 100, 160 (1950). 

In our  present invest igat ion,  the correlat ion be tween 
hydrolysis by ChE amt biological po tency  was fur ther  
studied with two addi t ional  series: f l -mcthylcholine-  
(MeCh) and thiocholine-(SCh)estcrs.  This  choice was 
made since it is well known T tha t  acetyl-f l -methylchol ine 
(AcMeCh) has predominant ly  muscarinic propert ies and 
weak nicotinic ones, and acetyl- thiochol ine (ASCh) has 
strong nicotinic but  barely discernible muscarinic effects, 
whereas ACh has both muscarinic and nicotinic proper-  
t iesL 

Resul ts .  The enzymat ic  and biological effects of the 
above three sets of compounds  arc compared in Tables  I 
and II.  The choline- or chol ine-der ivat ive  moie ty  was kcp t  
constant,  while the acyl part  was in turn  acetyl-  (Ac), pro-  
pionyl- (Prop), butyry l -  (But), and benznyl- (Benz). 
Despite the fact tha t  the comparison was made be tween  
a homogenous enzyme solution on the one hand and highly 
organized biological s t ructures  on the other, the figures 
are on tile whole in fairly close agreement .  I t  may  be con- 
cluded, therefore, tha t  the orders of decreasing rates of 
enzymatic  hydrolysis and of decreasing biological po tency  
are parallel. Thns Table I and II  s t rongly suppor t  the  
view tha t  the rate-determining,  perhaps the first, s tep in 
the biological action of these choline esters is their  hydro-  
lysis by one of the ChE-s. 

In Tables I 1[ and IV, enzymat ic  hydrolysis  rates and 
biological ac t iv i ty  are compared,  the acyl moie ty  being 
in all cases acetyl,  and the alcohol moie ty  being in t u r n  
Ch, MeCh, and SCh. In this series no s t r iking correlat ion 
can be detected between biological po tency  and rates  of 
enzymat ic  hydrolysis :  AcMeCh has a s t ronger  muscar inic  
effect than  could be foreseen from hydrolysis ;  ASCh is 
ve ry  weakly muscarinic,  inspite of being a v e r y  good 
substrate  for the  ChE-s;  the  nicotinic po tency  of ASCh 
is high bu t  perhaps  less than wouM be expec ted  f rom the  
ra te  of hydrolysis.  

t 7 I). BOVI*:T and F. BOVET-NtTTI, Medicaments du syst~me nef- 
f ¢ veux v, gdati[ (Ed. S. Karger, BSle 19.18), p. 875 and chapters VIII, 

IX, X. 
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Table I I  
Nicotinic effects and enzymatic hydrolysis ] Choline-moiety kept constant, acyl changes 

Ac Prop But Benz 
L Hydrolysi~ by Enzyme 

Pseudo ChE 

Choline 1 0.5 0"4 3.4 
/~-methylcholine 1 
Thiocholine 1 0-6 0-7 11 

II. Potency on Organs Nicotinic responses 

Choline 

/~-methylcholine 

Thiocholine 

frog rectus muscle 
cat-atropinized blood 

pressure rise 

frog rectus muscle 
cat-atropinized blood 

pressure rise 

frog rectus muscle 
cat  blood pressure rise . . 
guinea-pig intestine, nico- 

t inic contract ion 9 . . . 

1 0-7 

1 0-8 

1 2-1 

inactive inactive 
(complex responses) 

1 3 
1 1-1 

1 2 

0-3 

%5 

2.1 

active 

2-3 
0-6 

2-5 

21 

2.3 

57 

active 

< 100 
2 

6 

T h e  f igures :  as desc r ibed  for  T a b l e  I .  

T h e  a b o v e  d a t a  sugges t  t h e  ex i s t ence  of  t w o  s tages  in  
t h e  a c t i o n  of chol ine  es te rs  o n  a n i m a l  o rgans :  one  de-  
p e n d e n t  on  C h E  h y d r o l y t i c  a c t i v i t y ,  a n d  t h e  second  in-  
d e p e n d e n t  of ChE.  

Stage A would  cons i s t  of hydro lys i s  b y  one of t h e  two  
ChE-s  a n d  would  p roduce  Ch, MeCh, or SCh as r eac t i on  
p r o d u c t s  necessa ry  for t he  n e x t  s tage.  

Stage B.  The  c h o l i n e - d e r i v a t i v e  o b t a i n e d  b y  hydro lys i s  
in  s t age  A would  r eac t  w i t h  t h e  h y p o t h e t i c  r ecep to r -  
c o m p o n e n t  B, i t  t oo  h a v i n g  i t s  o w n  s u b s t r a t e  spec i f ic i ty :  
t h e  m u s c a r i n i c  r e c e p t o r  is more  sens i t ive  to  MeCh t h a n  
to Ch, b u t  is in sens i t ive  to  SCh;  t h e  n ico t iu ic  r e c e p t o r  is 
s ens i t i ve  to  Ch a n d  SCh, as  well  as to  MeCh, b u t  t h i s  l a t t e r  
is o n l y  ava i l ab le  w h e n  h i g h  c o n c e n t r a t i o n s  of AcMeCh 
are  added ,  i t s  hydro lys i s  b y  pseudo  C hE  of t h e  ' n i co t in ic '  
o r g a n  be ing  slower.  W h i l e  t h e r e  is no  d o u b t  t h a t  t h e  
r e c e p t o r - c o m p o n e n t  of s tage  B has  a n  easi ly  de f inab le  
s u b s t r a t e  specif ic i ty ,  i t s  n a t u r e  is sti l l  a s u b j e c t  for  
specu la t ion .  

T h e  a p p a r e n t  d i sc repancy ,  b e t w e e n  t h e  t h e o r y  t h a t  
es te r  hyd ro lys i s  is e ssen t i a l  for  b iological  a c t i v i t y  a n d  t h e  
f ac t  t h a t  C a r b C h  is a s t a b l e  b u t  n e v e r t h e l e s s  p o t e n t  com-  
p o u n d ,  cou ld  b e  a c c o u n t e d  for  b y  a s s u m i n g  t h a t  C a r b C h  
would  b y - p a s s  s t age  A, d i r ec t ly  e n t e r i n g  t h e  r e a c t i o n  a t  
s tage  B. I t s /5 -MeCh d e r i v a t i v e  was s h o w n  to  h a v e  musca -  

I. Hydrolysis by Enzyme 

II. Potency on Organs 

Guinea-pig intestine . . 
Cat blood pressure fall 

Table I I I  
Muscarinic effects and enzymatic hydrolysis 

Choline-moiety changes, acyl constantly aeetyl 

ACh ! A~Mech I ASCh 

True ChE 

1 1,_7 Io. ,  
Muscarinic responses 

1 1.3 20~< 
1 1-4 100,000 < 

9 M. WU~ZEL, submitted for publication I3 {1959). 

r inic,  b u t  no  n ico t in ic  effect,  i n  a n a l o g y  to  t he  ca rboxyl ic  
e s t e r  of MeCh% Thus ,  s e n s i t i v i t y  to  t h e / ~ - m e t h y l  g rouping  
seems  to  be  cha rac t e r i s t i c  of t h e  r e c e p t o r  c o m p o n e n t  of 
s tage  B, w h i c h  is ac ted  u p o n  b o t h  b y  u n h y d r o l y z e d  carb-  
aminoy l - f l -me thy lcho l ine  a n d  t h e  h y d r o l y z a b l e  carbo-  
xyl ic  acid es te rs  of f l -methylchol ine .  

As ev idence  of h y d r o l y t i c  a c t i v i t y  n o t  be ing  a prere-  
qu is i te  for r ecep to r  a c t i v i t y ,  WILSON a n d  NACHMAN- 
SOHIq 5 c o m p a r e d  t he  b e h a v i o u r  of B u t C h ,  ACh,  a n d  di- 
m e t h y l a m i n o e t h y l a c e t a t e  ( t e r tACh)  t o w a r d s  t h e  enzyme-  
t r u e  ChE,  w i t h  t h e i r  a c t i o n  o n  t he  r ecep to r .  T h e  above  
a u t h o r s  s t a t e  t h a t  : (1) B u t C h  a n d  ACh are  b o t h  good s t im-  
u l a to r s  of t he  r ecep to r  of t h e  frog r ec tus  muscle ,  bu t  
B u t C h  is a v e r y  poor  t r u e  C h E  e n z y m e  s u b s t r a t e .  They  
f u r t h e r  c la im (2) t e r t A C h  is a good s u b s t r a t e  for t he  en- 
zyme,  b u t  ac t s  poor ly  on  t h e  recep tor .  On  the  o t h e r  hand ,  
our  a r g u m e n t s ,  as deduced  f rom Tabl~  I - I V ,  a re :  

Table IV  
Nicotinic effects and enzymatic hydrolysis 

Choline-moiety changes, acyl constantly aeetyl 

I. Hydrolysis by Enzyme 

II. Potency on Organs 

Frog rectus muscle 

Cat-atropinized blood 
pressure rise 

Guinea-pig intestine,  
nicotinic contract ion 

ACh I MeChl 
Pseudo ChE 

1 

ASCh 

72 0.23 

N:cotinie responses 

180 2 0 4 0  

certainly i 0.2 
h igh 

? very 
potent,  
bu t  ratio 
to ACh 
is not  
definable 

The  f igures:  as in Tab le  I, excep t  ACh be ing  a lways  The  f igures :  as  in  T a b l e  I ,  e x c e p t  ACh  b e i n g  always 
t a k e n  as un i ty ,  t a k e n  as un i ty ,  
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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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