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Fig. ~.--Cat, encdphale isold preparation. Upper diagram: Blood pressure, ear skin temperature and cerebral blood flow (C[. Fig. 1). 
Lower diagram: EEG tracings from right (R) and left (L) crueiate region during periods marked 1 to 8 below upper diagram. 

Between two vertical lines injection of 40 p~g/kg of LSD-25 into the left carotid artery. Note activation pattern in EEG-record from left 
hemisphere. 

Zusammen/assung 

E s  w u r d e  gezeigt ,  dass  L S D - 2 5  (d-Lysergs / iure-d i -  
~ t h y l a m i d )  in D o s e n  y o n  30 bis  i 00  7/kg K S r p e r g e w i c h t  
be i  de r  n i c h t n a r k o t i s i e r t e n  K a t z e  (encdphale isold) m e i s t e n s  
e ine E r h S h u n g  des  z e r e b r a l e n  Gef /~sswiders tandes  her -  
be i f i ih r t e .  I n  die Caro t i s  in j iz ie r t ,  g a b  L S D - 2 5  in  den -  
s e lben  D o s e n  n a c h  v o r i i b e r g e h e n d e r ,  h a l b s e i t i g e r  A k t i -  
v i e r u n g  e ine  D e p r e s s i o n  des  E l e k t r o e n z e p h a l o g r a m m e s .  
K le ine re  D o s e n  g a b e n  i m  E E G  eine A k t i v i e r u n g  ode r  
w a r e n  o h n e  W i r k u n g .  

R e l a t i o n s h i p  B e t w e e n  M e t h i o n i n e  a n d  A r o m a t i c  

A m i n o  A c i d s  i n  Esvherlchia Coli 

I t  was  p r e v i o u s l y  r e p o r t e d  f rom th i s  l a b o r a t o r y  ~ t h a t  
t h e  i n h i b i t i o n  of Escherichia coli b y  c h l o r o m y c e t i n ,  

a u r e o m y c i n ,  t e r r a m y c i n  a n d  5 - f l u o r o t r y p t o p h a n ,  cou ld  
be  a l l ev ia t ed ,  w i t h i n  l imi ts ,  b y  m e t h i o n i n e ,  a n d  b y  
t r y p t o p h a n ,  p h e n y l a l a n i n e  a n d  ty ros ine .  Th i s  a p p e a r e d  
to  i n d i c a t e  t h a t  t h e r e  is a r e l a t i o n s h i p  b e t w e e n  t he  aro-  
m a t i c  a m i n o  ac ids  a n d  m e t h i o n i n e .  To c o n f i r m  th i s  
r e l a t i o n s h i p ,  t h e  p r o b l e m  was  a p p r o a c h e d  f rom t h e  
o p p o s i t e  angle ,  i.e., t o  see w h e t h e r  t h e  a r o m a t i c  a m i n o  
ac ids  p l a y  a role  in  t h e  m e t a b o l i s m  of m e t h i o n i n e .  

O n  t h e  bas i s  of e x t e n s i v e  w o r k  ca r r i ed  o u t  in  r e c e n t  
years ,  i t  h a s  g e n e r a l l y  b e e n  c o n s i d e r e d  t h a t  t h e  m e t h i o -  
n i n e  ana logues ,  e t h i o n i n e ,  m e t h i o n i n e  sulfone,  m e t h i o -  
n i n e  s u l f o x i m i n e  a n d  m e t h o x i n i n e  a re  specif ic  a n t a g o -  
n i s t s  of m e t h i o n i n e  m e t a b o l i s m  b o t h  in b a c t e r i a  a n d  
a n i m a l s  (for a gene ra l  r ev i ew see 2). 

T h e  p r e s e n t  w o r k  w i t h  E. coli shows,  h o w e v e r ,  t h a t  
t h e  i n h i b i t i o n  c a u s e d  b y  t h e  a n t i m e t a b o l i t e s  of m e t h i o -  
n ine  c a n  be  r e v e r s e d  n o t  o n l y  b y  m e t h i o n i n e ,  b u t  b y  
t r y p t o p h a n ,  p h e n y l a l a n i n e  a n d  s o m e w h a t  b y  t y r o s i n e  

1 E. D. BERGMANN, S. GICHER, and B. E. VOLCANI, Bull. Res. 2 G. J. I~IARTIN, Biological Antagonism (The Blakiston Co. Inc., 
Council Israel 3, 19 (1954). New York 1951), p. 118. 
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Reversal of Dn-ethionine, nL-metidonine sulfone and DL-methionine sulfoximine inhibition of the growth of E. colt by DL-mcthionine, 
L tryptophan, DL-phenylalanine and L-tyrosinc. Incubated 17'20 h at 37°C. The figures above the curve represent ~finl of the inhibitor. 

A, C, E © © methionine; other curves tryptophan. B, D, F ©-- © tyrosine; other curves phenylalanine. 

as well. This  s u b s t a n t i a t e s  our  p rev ious  resul ts .  The  
i n t e rp re t a t i on ,  however ,  of th is  r e l a t i onsh ip  is stil l  
obscure .  

I n h i b i t i o n  ana lyses  were  ca r r ied  ou t  w i th  E .  colt 
(ATCC 9637) in a basa l  m e d i a  m ~ as p r ev ious ly  desc r ibed  4. 
The var ious  steri le,  g lass-f i l tered,  i nh ib i to r s  were  a d d e d  
asept ica l ly  to  t he  a u t o c l a v e d  m e d i u m .  Cul tu res  were in- 
c u b a t e d  a t  37°C for  17 to  20 h, a n d  g r o w t h  t u r b i d i t y  was  
measu red  w i t h  t h e  K l e t t - S u m m e r s o n  pho toe lec t r i c  
co lor imeter  us ing a No. 64 red  fi l ter .  All e x p e r i m e n t s  
were  carr ied  ou t  in dup l i ca te .  

The  i nh ib i t o ry  c o n c e n t r a t i o n s  of t h e  va r ious  com-  
p o u n d s  and  t h e  a m o u n t s  of t h e  a m i n o  ac ids  r equ i r ed  to  
reverse  the  i nh ib i t i on  were  d e t e r m i n e d  f rom dose-  
r e sponse  curves .  T h e  a n t i b a c t e r i a l  ind ices  (y/mt of in- 
h ib i to r  v e r s u s  y / m l  of me tabo l i t e )  for  d i f f e r en t  levels  of 
inh ib i t ion  were  o b t a i n e d  f rom t h e  c o r r e s p o n d i n g  g r o w t h  
curves.  

DL-ethionine was  o b t a i n e d  f rom Bios L a b o r a t o r i e s ,  
Inc.  ; I )L-methionine  sulfone,  DL-meth ion ine  su l fox imine  
and  1)L-methionine su l foxide  were  p r o d u c t s  of Cal i fornia  
F o u n d a t i o n  for Biochemica l  Resea rch .  DL-methox in ine  
was a gift  f rom Dr. J. P. ENGLISH. 

As shown  in the  F igure  t he  i nh ib i t i on  caused  b y  e thio-  
nine,  m e t h i o n i n e  sulfone,  and  m e t h i o n i n e  su l fox imine  is 
reversed,  by  meth ion ine ,  L - t r y p t o p h a n  or DL-phenyl-  
a lanine;  m e t h i o n i n e  was  m o s t  effect ive .  The  reve r sa l  by  
ty ros ine  was conf ined  to  t he  lower  i n h i b i t o r y  levels  ; e.g., 
w i th  e th ionine ,  above  75% of full  g rowth ,  w i th  me th io -  

a B. D. DAVIS and E. S. MINOIOLI, J, Baeteriol. 60, 17 (1950). 
4 B. t~. VOLCANI, S. SICHER, E. D. BERGMANN, and H. BENDAN, 

J. biol. Chem. 207, 411 (1954). 

n ine  su l fone  above  65% g r o w t h  (in th is  case  i t  was 
equa l ly  as ac t ive  as me th ion ine )  and  w i t h  m e t h i o n i n e  
su l fox imine ,  t y r o s i n e  a l i ev ia t ed  t h e  i nh ib i t i on  on ly  by  
20% in all t he  i n h i b i t o r y  levels regard less  of ty ros ine  
c o n c e n t r a t i o n .  The  a n t i b a c t e r i a l  indices  are  g iven  in the  
Table .  

Antibacterial indices of E. coil inhibited by DL-eth ionine ,  DL-Inethio- 
nine sulfone or uL-methionine sulfoximine, reversed by Dz-methio- 

nine, L-tryptophan and DL-phenytalanine. 

Antagonist T[ml 

DL-Ethionine . 40 
200 

oL-Methionine . 12 
s u l f o n e . . .  20 

9L-Methionine . 12 
sulfoximine 16 

% 
Full 

growth 

30 
20 
65 
35 
40 
30 

Antibacterial indices at 
50% ~-rowth 

DL-Me- L-Tryp- DL-Phe- 
thionine tophan Inylalanine 

80 
166 
4.8 ~ 
1.5 ~ 
0-3 
0"8 

0.05 0.4 
0-I0 0-2 
6* 2-4* 
2* 0-3* 
3 3-0 
2 1.6 

* At 70% full growth. 

W i t h  DL-methoxin ine ,  t he  c o m p l e t e  inh ib i t ion  (800 
y/ml) was  r eve r sed  to  full  g r o w t h  b y  L - t r y p t o p h a n  
(2000 ~/ml) or DL-phenyla lan ine  (2000 y/ml) .  The effect 
of t y ros ine  was  no t  t e s t ed ,  because  on ly  a smal l  a m o u n t  
of m e t h o x i n i n e  was  avai lable .  
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T h e  i n h i b i t i o n  caused  b y  DL-me th ion ine  sul foxide ,  a n  
a n t i m e t a b o l i t e  of g l u t a m i c  ac id  in L. arabi.~wusus 5, is no t  
c o u n t e r a c t e d  even  a t  75% of ful l  g r o w t h  (10 y/ml)  b y  
m e t h i o n i n e  (400 y/ml),  L - t r y p t o p h a n  or  D L - pheny l a l an i ne  
(4000 7 /mi) .  

These  r e s u l t s  led Dr. M. IQ~2LDMAN of t h i s  I n s t i t u t e ,  to  
s t u d y  t h e  ef fec t  of t r y p t o p h a n  on  t h e  i n h i b i t o r y  ac t ion  
of e t h i o n i n e  d u r i n g  c h i c k  m or phogenes i s ,  full  de ta i l s  of 
w h i c h  will  be  t m b l i s h e d  e lsewhere .  I t  h a s  p r e v i o u s l y  
been  s h o w n  ~ t h a t  e t h i o n i n e  shows  t w o  t y p e s  o~ i n h i b i t o r y  
ef fec ts :  (1) i t  r e t a r d s  t he  r a t e  of d i f f e r e n t i a t i o n  of t he  
e m b r y o  ; (2) i t  causes  m a l f o r m a t i o n ,  m a i n l y  of t h e  n e u r a l  
t issue.  I n  t h e  p r e s e n t  s t u d y  i t  was  f o u n d  t h a t  m e t h i o n i n e  
ove rcomes ,  a l m o s t  comple t e ly ,  b o t h  effects ;  L - t ryp to -  
p h a n  howeve r ,  s h o w e d  v e r y  l i t t l e  ef fec t  on  e t h i o n i n e -  
m a l f o r m a t i o n ,  b u t  a b o l i s h e d  to  a g r e a t  e x t e n t  t h e  r e t a r d -  
ed d i f f e r en t i a t i on .  T h i s  i n d i c a t e s  t h a t  t h e  t w o  processes  
a re  r e l a t e d  to  d i f f e ren t  a m i n o  ac ids  m e t a b o l i s m .  

I n  t h e  l i gh t  of t he se  e x p e r i m e n t s ,  i t  is i m p o r t a n t  to  
d e t e r m i n e  w h e t h e r  t h e  r e l a t i o n  b e t w e e n  m e t h i o n i n e  a n d  
t h e  a r o m a t i c  a m i n o  ac ids  ex i s t s  in  m a m m a l i a  also. I f  i t  
does, t h e n  effects  w h i c h  h a v e  b e e n  a t t r i b u t e d  to  m e t h i o -  
n ine  i n h i b i t i o n  a lone  m u s t  be  r e - e x a m i n e d  to  see w h e t h e r  
t he  a r o m a t i c  a m i n o  ac ids  a re  i n v o l v e d  as well. 

We are greatly indebted to Dr. M. FELDMAN for permission to 
describe his results prior to publication, and to Dr. J. P. EXGLISH for 
the r~L-nlethoxiiline. 

B. E. VOLCAN: a n d  S. S a m l )  

The Weizmann  Inst i tute  o/ Science, Rehovoth, Israel, 
Apr i l  75, 1956. 

Zusammen/assung  

W a c h s t u m s h e m m u n g  y o n  Escherichia coli, d u r c h  
2~thionin,  M e t h i o n i n s u l f o n ,  M e t h i o n i n s u l f o x i m i n  u n d  
M e t h o x i n i n  v e r u r s a c h t ,  w i rd  n e b e n  M e t h i o n i n  a u c h  
d u r c h  T r y p t o p h a n ,  P h e n y l a l a n i n  u n d  in  gewi s sem Urn-  
f ang  d u r c h  T y r o s i n  a u f g e h o b e n ,  was  au f  e inen  Z u s a m -  
m e n h a n g  i m  S to f fwechse l  y o n  M e t h i o n i n  u n d  den  aro-  
m a t i s c h e n  Aminos~Luren h inwei s t .  

a H. WAELSCm P. OWADES, H, K. MILLER, and E. BOREK, J. biol. 
Chem. 166, ~73 (1946). 

6 M. FELDMAN and C. H. WADmNGTON, J, Embryol. exp. Mor- 
phoL 3, 44 (1955). 

The Apparent Expansion of the Inulin Space 
in the Nephrectomized Dog 

As has  b e e n  r e p o r t e d  b y  GAUDINO el al. ~, in  m a n  a n d  
in  t h e  dog i n u l i n  g i v e n  b y  t h e  c o n s t a n t  i n fu s ion  t e c h n i q u e  
is d i s t r i b u t e d  e v e n l y  t h r o u g h o u t  t h e  t o t a l  e x t r a c e l l u l a r  
space ,  is n o t  m e t a b o l i z e d  in t h e  o r g a n i s m ,  does  n o t  e n t e r  
t h e  i n t r a c e l l u t a r  space  a n d  is e l i m i n a t e d  c o m p l e t e l y  a n d  
excu l s i ve ly  t h r o u g h  t h e  k idneys .  GAUDINO a n d  LEVlTI "~, 
as well  as RAISZ et al. a, h a v e  r e p o r t e d  t h a t  in  t h e  dog  t h e  
a p p a r e n t  i n u l i n  space  e x p a n d s  a f t e r  n e p h r e c t o m y .  FIN- 

1 M. GAUDINO, I. L. SGH'*VAETZ, and M. F. LEVITT, Proe. Soc. exp. 
Biol. Med. 68, 507 (1948). - M. GAUDINO and M. F. LEVITT, Amcr. J. 
Physiol. 157, 387 (1949). 

2 ~{. GAUDINO and M. F. LEVITT, Amer. J. Physiol. 157, 387 
(19~9). 

a L. G. Ra:sz, M. K. YOUNG, and I.T. S*zNsot¢, Amer. J. Physiol. 
z74, 7~ (1953). 

KENSTAEDT et at. 4, HAMBURGER a n d  MATHI~ ~, a n d  also 
EPSTEIN et al. ~, h a v e  s t a t e d  r e c e n t l y  t h a t  in t h e  ne- 
p h r e c t o m i z e d  dog a n d  a n u r i c  m a n  al ike,  t he  p l a s m a  
c o n c e n t r a t i o n  a f t e r  a s ingle  i n j e c t i o n  of i nu l in  d e c r e a s e d  
s t ead i ly ,  s i m u l a t i n g  t h e r e b y  a n  e x p a n s i o n  of e x t r a -  
ce l lu la r  space.  O t h e r  poss ib le  e x p l a n a t i o n s  a r e :  u p t a k e  
of i n u l i n  b y  cells , b r e a k d o w n  in  t h e  o r g a n i s m  or e l imina -  
t i on  t h r o u g h  some  e x t r a r e n a l  rou te .  

We  h a v e  s t u d i e d  t he  a p p a r e n t  i nu l in  space  in n e p h r e c -  
t o m i z e d  dogs.  f m m e d i a t e t y  a f t e r  n e p h r e c t o m y  a s ingle  
i n j e c t i o n  of i nu l in  was  a d m i n i s t e r e d  a n d  i ts  level  in 
p l a s m a  was  d e t e r m i n e d  da i ly  un t i l  t h e  a n i m a l  died.  T h e  
i n u l i n  p r e p a r a t i o n  used  was  n e a r l y  100 pe r  c e n t  yeas t -  
r e s i s t a n t  a n d  a b o u t  90 pe r  c e n t  a lka l i - r e s i s t an t .  T h e  solu-  
t ion  i n j e c t e d  a n d  each  da i ly  s a m p l e  of p l a s m a  were  
a n a l y s e d  p a r t I y  a f t e r  t r e a t m e n t  w i t h  yeas t ,  a c c o r d i n g  to  
HARRISON 7, a n d  p a r t l y  a f t e r  h e a t i n g  in t h e  p r e sence  of 
a lka l i  as d e s c r i b e d  b y  LITTLE 8. B y  d i v i d i n g  t he  i n j e c t e d  
q u a n t i t y  of i n u l i n  b y  p l a s m a  c o n c e n t r a t i o n ,  the  a p p a r e n t  
inu l in  space  is c a l c u l a t e d  a n d  is e x p r e s s e d  as p e r c e n t a g e  
of p r e o p e r a t i v e  b o d y  we igh t .  T h e  m e a n s  of ou r  d a t a  are  
t a b u l a t e d  (wi th  s t a n d a r d  e r ro r  a n d  n u m b e r  of cases).  
As can  be  seen, t h e  a p p a r e n t  d i s t r i b u t i o n  space  c o n t i n u e s  
to  e x p a n d  u n t i l  s p o n t a n e o u s  d e a t h  occurs .  ( S t a t i s t i c a l  
ana ly s i s  was  c o m p u t e d  b y  F1SHER'S t- testg.)  T h e r e  is 
n o  d i f fe rence  in d i s t r i b u t i o n  b e t w e e n  t h e  y e a s t - r e s i s t a n t  
a n d  a l k M i - r e s i s t a n t  inu l ins .  

I n  a n  a t t e m p t  to  dec ide  w h e t h e r  we are  dea l ing  w i t h  
a rea l  e x p a n s i o n  of t h e  e x t r a c e l l u l a r  space,  a f t e r -  
l oad ing  e x p e r i m e n t s  were  ca r r i ed  out .  Two  t e c h n i q u e s  
were  used  : in one  g r o u p  i n u l i n  was  i n j e c t e d  i m m e d i a t e l y  
a f t e r  n e p h r e c t o m y  a n d  a t  3 to  5 d a y s  d i s t r i b u t i o n  was  
d e t e r m i n e d  a f t e r  i n j e c t i n g  a n  o t h e r  dose.  I n  t h e  o t h e r  
g r o u p  t h e  f i r s t  dose of i n u l i n  was  a d m i n i s t e r e d  a t  3 to  5 
d a y s  fo l lowing  n e p h r e c t o m y .  As t h e  two  t y p e s  of a f t e r -  
l o a d i n g  y i e lded  c o m p a r a b l e  resu l t s ,  t h e  m e a n s  for  b o t h  
g r o u p s  a re  p r e s e n t e d  t o g e t h e r .  I n  t h e  a f t e r - l o a d i n g  ex-  
p e r i m e n t s ,  t h e  i n u l i n  space  v a l u e  c o r r e s p o n d s  w i t h  t h a t  
for d a y s  1 a n d  2 a n d  is s i g n i f i c a n t l y  sma l l e r  t h a n  t h e  
i n u l i n  space  for  t h e  c o r r e s p o n d i n g  day ,  as d e t e r m i n e d  
o n  t h e  bas is  of i n u l i n  i n j e c t e d  on  d a y  1. 

T h u s ,  in  o u r  e x p e r i m e n t s  t h e  t r u e  e x t r a c e l l u l a r  space  
d id  n o t  i nc r ea se  in  t h e  n e p h r e c t o m i z e d  dog  a n d  t h e  
a p p a r e n t  e x p a n s i o n  of t h e  i n u l i n  space  (i.e. dec rease  in 
p l a s m a  c o n c e n t r a t i o n )  was  due  e i t h e r  to  a m e t a b o l i s a t i o n  
o r / a n d  to  a n  e x t r a r e n a l  e l i m i n a t i o n  o r / a n d  to  ce l lu la r  
s t o r age  of inu l in .  S ince  J h N c s 6  :° succeeded  in d e m o n -  
s t r a t i n g  b y  h i s to log ica l  m e t h o d s  ce l lu la r  s t o r a g e  of i n u l i n  
in  r e t i c u l o e n d o t h o l i a l  cells of c o n n e c t i v e  t i s sue  a n d  l iver  
of mice,  t h e  l a t t e r  pos s ib i l i t y  seems  to  be  t h e  m o s t  
l ikely.  

A d e t a i l e d  a c c o u n t  of o u r  d a t a  is to  be  p u b l i s h e d  in  
A c t a  P h y s i o l o g i c a  H u n g a r i c a .  
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