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Select ive  a n t a g o n i s m  by Mg ~+ of a m i n o  ac id- induced  depolar izat ion  of spinal  neurones  ~ 
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13 September 1976 

Summary.  I n  t h e  i s o l a t e d  f rog  o r  r a t  s p i n a l  cord ,  low c o n c e n t r a t i o n s  of  M g  e+ (0 .5 -1 .00  m M )  m a r k e d l y  d e p r e s s ,  in a 
s u b s t a n t i a l l y  C a 2 + - i n d e p e n d e n t  m a n n e r ,  v e n t r a l  r o o t  d e p o l a r i z a t i o n s  p r o d u c e d  b y  d o r s a l  r o o t  s t i m u l a t i o n  a n d  b y  
c e r t a i n  a m i n o  ac id s  (e. g. N - m e t h y l - D - a s p a r t a t e  a n d  L - h o m o c y s t e a t e )  b u t  do  n o t  d e p r e s s  d e p o l a r i z a t i o n s  p r o d u c e d  
b y  o t h e r  e x c i t a t o r y  a m i n o  a c i d s  (e. g. k a i n a t e  a n d  q u i s q u a l a t e ) .  L - A s p a r t a t e - i n d u c e d  d e p o l a r i z a t i o n s  a r e  m o r e  s e n s i t i v e  
to  M g  2+ t h e n  a re  L - g l u t a m a t e - i n d u c e d  d e p o l a r i z a t i o n s .  

N o t  o n l y  L - g l u t a m a t e  a n d  L - a s p a r t a t e ,  b u t  a lso  s e v e r a l  
r e l a t e d  a m i n o  ac id s  m u s t  be  c o n s i d e r e d  as  p o s s i b l e  
t r a n s m i t t e r s  a t  e x c i t a t o r y  s y n a p s e s  in  t h e  v e r t e b r a t e  
c e n t r a l  n e r v o u s  s y s t e m 2 ,  a. T h e s e  i n c l u d e  L - c y s t e i n e  
s u l p h i n a t e  4 a n d  L - c y s t e a t e  ~, w h i c h  a re  k n o w n  to  be  
p r e s e n t  in  m a m m a l i a n  c e n t r a l  n e r v o u s  t i s s u e ,  a n d  L -  
h o m o c y s t e i n e  s u l p h i n a t e  a n d  L - h o m o c y s t e a t e  w h i c h  
h a v e  b e e n  s h o w n  to  be  f o r m e d  in  l i ve r  6,7 a n d  c o u l d  
c o n c e i v a b l y  be  p r e s e n t  in  c e n t r a l  n e r v o u s  t i s s u e  as  
m e t a b o l i t e s  of  h o m o c y s t e i n e  or  m e t h i o n i n e .  D i f f e r e n t  
r e c e p t o r s  a n d / o r  r e c e p t o r  m e c h a n i s m s  for  t h e  a c t i o n  of 
d i f f e r e n t  a m i n o  ac id  e x c i t a n t s  h a v e  r e c e n t l y  b e e n  re-  
c o g n i z e d  in  i n v e r t e b r a t e s  s~1~ a n d  t h e r e  h a v e  b e e n  
i n d i c a t i o n s  t h a t  a s i m i l a r  s i t u a t i o n  m a y  o b t a i n  in ve r -  
t e b r a t e s .  T h u s ,  in  t h e  m a m m a l i a n  c e n t r a l  n e r v o u s  
s y s t e m ,  s e p a r a t e  r e c e p t o r s  h a v e  b e e n  p o s t u l a t e d  for  L -  
g l u t a m a t e  a n d  L - a s p a r t a t e  on  t h e  b a s i s  of  t h e  d i f f e r e n t i a l  
s e n s i t i v i t i e s  of  d i s c r e t e  p o p u l a t i o n s  of s p i n a l  n e u r o n e s  to  
t h e  2 p u t a t i v e  t r a n s m i t t e r s  n ,  a n d  e s p e c i a l l y  to  t h e  m o r e  
c o n f o r m a t i o n a l l y  r e s t r i c t e d  a n a l o g u e s ,  k a i n a t e  a n d  N-  
m e t h y l - D - a s p a r t a t e  ~2. Also ,  E n g b e r g ,  F l a t m a n  a n d  L a m -  
bertXa r e c e n t l y  d e m o n s t r a t e d  t h a t  D L - h o m o c y s t e a t e  
c a u s e d  a d i f f e r e n t  m e m b r a n e  c o n d u c t a n c e  c h a n g e  in  c a t  
m o t o n e u r o n e s  f r o m  t h a t  c a u s e d  b y  L - g l u t a m a t e  14--16, a n d  
we  s h o w e d  t h a t  t h e  e f f ec t s  of  c h a n g e s  in [Na +] or  LK ~ ] on  
L - h o m o c y s t e a t e - i n d u c e d  d e p o l a r i z a t i o n s  of f rog  or  i m -  
m a t u r e  r a t  s p i n a l  m o t o n e u r o n e s  we re  c l e a r l y  d i f f e r e n t  
f r o m  t h e  e f f ec t s  on  d e p o l a r i z a t i o n s  i n d u c e d  b y  L - g l u t a -  
m a t e  a n d  o t h e r  a m i n o  a c i d s  17. W e  n o w  r e p o r t  t h a t  low 
c o n c e n t r a t i o n s  of M g  2-~ s e l e c t i v e l y  a n t a g o n i z e  a m i n o  
a c i d - i n d u c e d  d e p o l a r i z a t i o n  of m o t o n e u r o n e s ,  t h e  e f f ec t s  
b e i n g  g r e a t e s t  on  L - h o m o c y s t e a t e  a n d  N - m e t h y l - D -  

Control 

Glu Horn Asp Ouis 

0.5mM Mg 2+ Recovery 

Glu Hom Asp Ouis Glu Horn Asp Ouis 

Fig. 1. Effect of 0.5 mM Mg e+ on ventral root depolarizations evoked 
by dorsal root stimulatiotl (DR-VRP) and by different excitatory 
amino acids on the isolated frog spinal cord. The dorsal root was 
stimulated at 2/rain (0.05 msec, 30 V). Concentrations of the amino 
acids were adjusted to produce approximately equal ventral root 
depolarizations in the control series. The central record begins 35 min 
after changeover to superfusion medium containing 0.5 InM MgSO 4. 
The recovery series began 72 rain after return to normal (Mg2+-free) 
medimn. GLU -- L-glutamate, 1000 ~xM; HOM = L-homocysteate, 
35 I~M; ASP = L-aspartate, 2000 ~tM; QUIS = quisqualate, 2,5 ~tM. 
All amino acids were applied for 40 see. Calibration: 1 mV; 4 rain. 

a s p a r t a t e ,  a n d  l e a s t  on  q u i s q u a l a t e  a n d  k a i n a t e ,  wh i l e  L -  
a s p a r a t e  r e s p o n s e s  we re  s i g n i f i c a n t l y  m o r e  s e n s i t i v e  t h a n  
L - g l u t a m a t e  r e s p o n s e s .  
Material and methods. E x p e r i m e n t s  we re  c o n d u c t e d  
m a i n l y  on  t h e  i s o l a t e d  h e m i s e c t e d  s p i n a l  co rd  of  R a n a  
p i p i e n s  a n d  R.  t e m p o r a r i a  as  p r e v i o u s l y  d e s c r i b e d  TMt". 
T h e  s t a n d a r d  s u p e r f u s i o n  m e d i u m  c o n t a i n e d  (mM) : NaC1, 
111; KC1, 2; CaC12, 2; t r i s ,  10; g lucose ,  12, a d j u s t e d  to  
p H  7.5 w i t h  HC1. T h e  t e m p e r a t u r e  w a s  m a i n t a i n e d  a t  
12.5 • 0 . 5~  a n d  t h e  f low r a t e  w a s  1.5 m l  p e r  m i n .  P r o -  
c a i n e  (10 -3 M) or t e t r o d o t o x i n  (10 ~ M) w e r e  i n c l u d e d  in  
t h e  m e d i u m  w h e r e  i t  w a s  d e s i r e d  to  e l i m i n a t e  i n d i r e c t  
a c t i o n s  of  a m i n o  a c i d s  on  m o t o n e u r o n e s  a r i s i n g  b y  
e x c i t a t i o n  of  i n t e r n e u r o n e s  ls,19. I n  s o m e  e x p e r i m e n t s ,  
t h e  i s o l a t e d  h e m i s e c t e d  s p i n a l  co rd  of  i m m a t u r e  r a t s  
(4 8 d a y s  old) 20 w a s  u s e d .  i n  t h i s  case ,  t h e  c o m p o s i t i o n  of  
t h e  m e d i u m  w a s  as  fo l lows  ( m M ) :  NaCI ,  118;  KC1, 2: 
N a H C O s ,  24;  CaCle, 2.5;  g lucose ,  12. T h i s  m e d i u m  w a s  
g a s s e d  w i t h  9 5 %  O, ,  5~ CO 2 a n d  t h e  t e m p e r a t u r e  w a s  
m a i n t a i n e d  a t  20 • 0.5~ t h e  f low r a t e  w a s  0.8 m l  p e r  
m i n .  S i m i l a r  r e s u l t s  were  o b t a i n e d  w i t h  e i t h e r  of  t h e s e  
t i s s u e s .  
Results and discussion. F i g u r e  1 s h o w s  t h e  e f f ec t  of  t h e  
a d d i t i o n  of  0.5 m M  Mg a+ to  t h e  s u p e r f u s i o n  m e d i u m  on  
t h e  v e n t r a l  r o o t  p o t e n t i a l  e v o k e d  b y  d o r s a l  r o o t  s t i m u l a -  
t i on  ( D R - V R P )  a n d  on  t h e  d e p o l a r i z a t i o n s  p r o d u c e d  b y  
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Depression of amino acid-induced ventral root depolarizations 
by Mg 2+ (1raM) 

Amino Acid Per cent control 

Kainate 99.8 • 4.6 (5) 
Quisqualate 92.9, 100, 100" 
L-Glutamate 85.4 q- 4.3 (6) 
L-Aspartate 71.8 ~ 4.4 (4) 
D-Homocysteate 71.1 • 8.8 (3) 
L-Cysteate 59.4 q- 6.3 (3) 
L-Cysteine sulphinate 47.1, 63.8 
L-Homocysteine sulphinate 50.0, 53.7 
L-Homocysteate 32.3 ~_ 2.2 (8) 
D-Aspartate 32.7, 29.3 
D-Glutamate 30.9 • 1.4 (3) 
N-Methyl-D-Aspartate 12.7 i 2.9 (4) 

The experiments were conducted in superfusion medium containing 
1 mM procaine. Amino acids were tested in groups of 3 or 4 on each 
spinal cord (12 preparations in all) and the concentration of each 
amino acid was adjusted so that all gave equal depolarizations of 
between 1 and 3 mV under control conditions. The period of contact 
of the anfino acid-containing solutions with the spinal cord was 
40 see. The effect of Mg e+ was determined by the addition of 1 mM 
MgSO 4 to the superfusion medium, amino acid responses in this 
medium being measured 2 or 3 times during a 50-80-min-period be- 
ginning 10 min after the changeover. Responses were generally 
stable over the whole period , but where slight time-dependent changes 
were observed, responses were all corrected to a single time point 
between 20 and 30 rain after changeover to the MgZ+-containing 
medium. Responses are expressed as percent of the control responses 
obtained immediately before the addition of Mg ~+. Figures are 
means i SEM with the number of observations, on different prep- 
arations, given in parenthesis; where less than 3 preparations were 
used, the individual results are given. *4 mM MgSO 4. 

K G A MA K 

t t t t 
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Fig. 2. Effect of 1 mM Mg 2+ on ventral root depolarizations induced 
by different amino acids in the procaine-blocked frog spinal cord. 
A Control series, showing nlatehed responses. B Recorded 10 rain 
after changeover to superfusion medium containing 1 mM MgSO 4. 
C Recorded 16 min after return to normal (Mg2+-free) medium. All 
media contained 1 mM procaine. K = kainate, 10 ~zM; G = L-glu- 
tamate, 800 [xM; A ~ L-aspartate, 1200 IxM; MA = N-methyl-D- 
aspartat% 70 ~xM. The period of contact of the amino acid-containing 
solutions with the spinal cords was 40 see. 

L - g l u t a m a t e ,  L - a s p a r t a t e ,  L - h o m o c y s t e a t e  a nd  q u i s q u a -  
la te  in the  frog spinal  cord. The  a m p l i t u d e  of the  D R - V R P  
was  revers ib ly  reduced  by  a b o u t  60% in the  p resence  of 
Mg 2+ a n d  t h e  r e s p o n s e s t o  L - h o m o c y s t e a t e  a nd  L - a s p a r t a t e  
b y  a p p r o x i m a t e l y  80% and  50% respect ive ly .  A l t h o u g h  
the re  was  also an  a p p a r e n t  r educ t ion  in t he  r e sponses  to 
b o t h  L - g l u t a m a t e  a nd  qu i squa l a t e ,  these  effects  were no t  
reversed  b y  t he  r e m o v a l  of Mg 2+ f rom the  m e d i u m .  
Similar  effects  of Mg 2+ on a mino  acid responses  were also 
obse rved  w h e n  proca ine  or t e t r o d o t o x i n  were p r e s e n t  in 
the  m e d i u m ,  t h o u g h  in these  cases  t he  depress ions  of t he  
responses  were  s o m e w h a t  smal l e r  t h a n  in the  absence  of 
b locking  agen t s .  These  reduced  effects  would  be expec ted  
since p a r t  of t he  depress ion  of t h e - a m i n o  acid r e sponses  
p r o d u c e d  b y  Mg 2+ in t he  unb locked  p r e p a r a t i o n s  can  be 
a s s u m e d  to  be due  to decreases  in the  a mino  acid induced  
a c t i v i t y  of e x c i t a t o r y  s y n a p t i c  p a t h w a y s  t e r m i n a t i n g  on 
m o t o n e u r o n e s .  The  a n t a g o n i s t i c  effects  of Mg 2+ on t he  
v e n t r a l  root  respons4s  p r o d u c e d  b y  a r ange  of a m i n o  acid 
e x c i t a n t s  on t he  p roca ine-b locked  frog spinal  cord are 
show n  in t he  table .  
The  t ab le  ind ica tes  t h a t  t he  responses  p roduc e d  b y  cer- 
t a i n  a m i n o  acids, i nc lud ing  L - g l u t a m a t e ,  k a i n a t e  and  
q u i s q u a l a t e  are re la t ive ly  insens i t ive  to the  presence  of 
Mg 2+, whereas  t he  r e sponses  p roduced  by  N - m e t h y l - D -  
a s P a r t a t e  (especially),  L - h o m o c y s t e a t e ,  D - a s p a r t a t e  and  
D - g l u t a m a t e  are m a r k e d l y  depressed  b y  low c onc e n t r a -  
t ions  of t he se  ions. The  responses  of a f u r t he r  g roup  of 
a m i n o  acids,  inc lud ing  L - a s p a r t a t e , - a r e  depressed  to an  
i n t e r m e d i a t e  degree by  Mg 2+. A clear difference b e t w e e n  
the  effects  of Mg 2+ on L - g l u t a m a t e  a nd  L - a s p a r t a t e  
i nduced  re sponses  was  i n v a r i a b l y  obse rved  in d i rec t  com- 
pa r i sons  on t he  s a me  p r e p a r a t i o n s  (p < 0.001, pa i red  t-  
tes t ,  12 d i rec t  c ompa r i sons  on 8 p repa ra t ions ,  w i t h  e i ther  
0.5 or 1 m M  Mg2+). F igure  2 iUus t ra tes  the  d i f fe ren t ia l  
ac t ion  of 1 m M  Mg 2+ on t he  responses  p roduced  b y  L- 
g l u t a m a t e ,  L - a s p a r t a t e ,  ka ina t e  a nd  N - m e t h y l - D - a s p a r -  
rate.  
Tile s a m e  c o n c e n t r a t i o n s  of Mg 2+ as those  w h ic h  a n t a -  
gonized a m i n o  ac id - induced  responses  caused  no de- 
t ec t ab le  sh i f t  in the  base- l ine  level of ve n t r a l  roo t  polar iza-  
t ion,  s u g g e s t i n g  t h a t  t he  m e t a l  ions h a d  l i t t le effect  on t he  
res t ing  m e m b r a n e  po t e n t i a l  of m o t o n e u r o n e s .  Poss ib le  
e x p l a n a t i o n s  for t he  a n t a g o n i s m  by  Mg 2+ of the  de- 
polar iz ing ac t ion  of pa r t i c u l a r  a mino  acids inc lude :  a) 
fac i l i ta t ion  of m e c h a n i s m s  w h ic h  r e move  the  a m i n o  acids  
f rom the i r  s i te  of act ion,  b) b lockade  of a p r e s y n a p t i c  
ac t ion  of t he  a mino  acids  (e.g. the  release of e x c i t a t o r y  
t r a n s m i t t e r s  or K+ f rom s y n a p t i c  t e rmina l s ) ,  a nd  c) 
d i rect  depress ion  of t he  s e ns i t i v i t y  of t he  m o t o n e u r o n a l  
m e m b r a n e  to  the  a mino  acids. The  f i rs t  poss ib i l i ty  m a y  be 
regarded  as unl ikely,  s ince t he  re la t ive  s e ns i t i v i t y  of t he  
a mino  acid induced  responses  to Mg 2+, unl ike  those  to  
Na+ a nd  K + 17, do no t  show a n y  corre la t ion  wi th  t he  k n o w n  
charac te r i s t i c s  of a m i n o  acid up take .  Thus ,  s u b s t a n c e s  
wh ich  p roduce  responses  of wide ly  d i spa ra te  s e n s i t i v i t y  
to Mg 2+ (table) m a y  h a v e  s imi lar  u p t a k e  proper t ies .  
For  example ,  L - g l u t a m a t e  and  D - a s p a r t a t e  are ac t ive ly  
a c c u m u l a t e d  by  cen t ra l  n e r v o u s  t i s sue  2t-23, while  t he  
avai lable  ev idence  sugges t s  t h a t  ka ina t e  24 and  N - m e t h y l -  
D - a s p a r t a t e  25 are not .  T h e  second  poss ib i l i ty  c a n n o t  

21 G. Takagaki, S. Hirano and Y. Nagata, J. Neurochem. g, 124 
(1959). 

22 Y. Tsukada, Y. Nagata, S. Hirano and T. Matsutani, J. Neuro- 
chenL 70, 241 (1963). 

23 R.K.  Margolis and A. Lajtha, Biochim. biophys. Acta 163, 374 
(1968). 

24 P . J .  Roberts and J. C. Watkins, Brain Res. 85, 120 (1975). 
25 V.J.  Balcar and G. A. R. Johnston, J. Neurobiol. 3, 295 (1972). 
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r e ad i l y  be exc luded  b u t  i t  m a y  be r e l e v a n t  in th i s  res- 
pec t  t h a t  increas ing  the  m e d i u m  [Ca2+~, wh ich  reverses  the  
d e p r e s s a n t  effect  of Mg 2+ on the  synap t i c  release of t r ans -  
m i t t e r s  f rom cholinergic26 and  p r o b a b l y  also f rom adre-  
nergic  27 t e rmina l s ,  d id  no t  reverse  the  effects of Mg 2+ on 
t he  a m i n o  ac id- induced  responses  of v e n t r a l  roots.  Indeed,  
increases  in [Ca2+j also p roduced  dep re s san t  effects on  
these  responses  which  were add i t i ve  wi th ,  b u t  consider-  
ab ly  weaker  t h a n  those  p roduced  b y  Mg 2+. 
The  t h i r d  poss ib i l i ty  would imply  the  i n v o l v e m e n t  of 
d i f fe ren t  types  of pos t - synap t i c  receptors  for e x c i t a t o r y  
a m i n o  acids. In  th i s  case, ka i na t e  a n d  qu i squa la t e  m i g h t  
be cons idered  to ac t  a lmos t  exclus ive ly  on Mg2+-in - 
sens i t ive  receptors ,  and  N - m e t h y l - D - a s p a r t a t e  on Mg 2+- 
sens i t ive  receptors .  O the r  amino  acids m a y  be p r e s u m e d  
to ac t  to  a g rea te r  or lesser e x t e n t  on b o t h  types  of 
receptors .  Such  an  hypo thes i s  would accord  w i th  t he  
d i f fe ren t  ac t ions  of D L - h o m o c y s t e a t e  and  L - g l u t a m a t e  on 
ca t  sp ina l  m o t o n e u r o n e s  la, and  w i th  the  d i f fe ren t ia l  sen- 

s i t i v i t y  of d i f fe ren t  g roups  of ca t  sp ina l  neurones  to L-  
g l u t a m a t e  and  L-aspar ta te**  and  especial ly  to  k a i n a t e  
and  N - m e t h y l - D - a s p a r t a t e  12. 
I t  m a y  be s ign i f ican t  t h a t  the  D R - V R P  is m a r k e d l y  
a t t e n u a t e d  b y  such  low c o n c e n t r a t i o n s  of Mg 2+ in t he  
presence of n o r m a l  ECa2+ I. W e  h a v e  shown  t h a t  th i s  de- 
press ion is on ly  p a r t i a l l y  reversed  b y  inc reas ing  the  
[Ca2+j of the  med ium,  as also n o t e d  b y  K a t z  and  Miledi 2s. 
Thus ,  no t  all of t he  depress ion  of t he  D R - V R P  b y  Mg 2+ 
m a y  be due to i n h i b i t i o n  of t r a n s m i t t e r  release 26. Th i s  
raises the  poss ib i l i ty  t h a t  Mg2+-sensit ive t r a n s m i t t e r  
recep tor  sites m a y  be i nvo lved  in the  gene ra t i on  of t he  
D R - V R P .  

26 J.  Del Castil lo and L. Engbaek ,  J.  Physiol. ,  Lond. 12d, 370 
(1954). 

27 H. Kur iyama,  J. Physiol. ,  Lond. 175, 211 (1964). 
28 B. Katz  and R. Miledi, J. Physiol. ,  Lond. 168, 389 (1963). 
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Summary. I n t r a v e n o u s l y  admin i s t e r ed  l ight  l a n t h a n o n s  change  spec t ra l  i n t e r ac t i ons  in r a t  l iver  no t  on ly  by  decreas ing  
the  c o n c e n t r a t i o n  of c y t o c h r o m e  P-450, b u t  t h e y  also cause  a qua l i t a t i ve  change  in the  c y t o c h r o m e  P - 4 5 0  molecule or 
i ts  m i c r o e n v i r o n m e n t .  

The  l a n t h a n o n s  are d iv ided  in to  l ight  and  h e a v y  e lements ,  
h a v i n g  di f ferent  biological  effects. I n t r a v e n o u s l y  ad-  
min i s t e red  l ight  l a n t h a n o n s  ( L a n t h a n u m - S a m a r i u m )  
cause  f a t t y  in f i l t r a t ion  of the  l iver  2 and  i m p a i r m e n t  of the  
d rug  m e t a b o l i s m  3. The  h e a v y  l a n t h a n o n s  ( E u r o p i u m  
L u t e t i u m )  cause on ly  focal necroses of the  l iver  w i t h o u t  
changes  in the  l ipid c o n c e n t r a t i o n  4 or the  me tabo l i c  ac- 
tivity'~. I , ight  l a n t h a n o n s  h a v e  been  shown  to decrease  the  
a m o u n t  of c y t o c h r o m e  P-450 (Cyt. P-450) to  a b o u t  50% 
of i ts in i t ia l  value,  whereas  the  decrease  caused  b y  the  
h e a v y  l a n t h a n o n ,  E r b i um ,  is only  10% s. The  add i t i on  of 
va r ious  subs tances ,  such  as h e x o b a r b i t a l  or anil ine,  to  
l iver  microsomes  induces  difference spec t r a  which  are 
cons idered  to be ind ica t ive  of the  b i nd i ng  to the  Cyt.  
P-450, the  t e r m i n a l  oxidase  of t he  mic rosoma l  e lec t ron  
t r a n s p o r t  cha in  6, v. 
The  a im of the  f irst  p a r t  of th i s  s t u d y  was to com pa re  the  
effects of a l ight  l a n t h a n o n ,  Cer ium (Ce), a n d  a h e a v y  one, 
E r b i u m  (Er), on  t he  s u b s t r a t e  b i nd i ng  capac i t y  of t he  

Cyt.  P-450 in the  mic rosomal  f r ac t ion  of r a t  l iver.  Possible  
changes  in spec t ra l  i n t e r ac t i ons  m a y  ind ica te  q u a l i t a t i v e  
differences in the  func t ion  of t he  decreased Cyt.  P-450 
caused by  l a n t h a n o n s .  The  second p a r t  of our  s t u d y  was 
based  on the  r epo r t  of L e h m a n n  et  al. 8 who found  differ- 
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Table  1. The l iver  weights  and the amounts  of Cyt. P-450 and b B in var iously  t rea ted  groups of male  ra ts  ( +  SD) 

Liver  weight  (g) Rel. l iver  weight  (g) Cyt. P-450 nmoles]mg prot .  Cyt. b 5 nmoles /mg prot.  

Group I 
Controls  9.03 ~ 1.18 4.47 • 0.12 0.556 -[: 0.150 0.346 • 0.141 

Group I[  
Ce 12.49 • 0.80* 5.36 i 0.29* 0.348 • 0.042* 0.182 :J_ 0.044* 

Group I I I  
E r  9.19 -E 1.11 4.19 • 0.37 0.520 ~ 0.138 0.386 ~_ 0.061 

*p -< 0.01 


