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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- 

1 P. Arvela  is a fellow of the Alexander -von-Humbold t -S t i f tung .  
2 F. Snyder  and  N. Stephens,  Proc. Soc. exp. Biol. Med. 106, 202 

(19(,1). 
3 P. Arvela  and  N. T. K~irki, Exper ien t i a  27, 1189 (1971). 
4 G. Magnusson, Ac ta  Pharmac.  Toxic.  20, suppl. 3 (1963). 
5 1 ). Arvela  and N. T. K/irki, Sympos ium on Drug- Induced  Meta- 

bolic Changes (1. Congress of the Hungar ian  Pharinae.  Soe., 
Budapes t  1971). 

6 G . I .  Mannering,  in:  Fundamen ta l s  of Drug Metabolism and 
Drug Disposition. The Williams and Wilkins Co., Baltimore 
1971. 

7 A . H .  Conney, Pharmac .  Rev. 19, 317 (1967). 
8 B . v .  Lehmann,  E. Oberdisse, O. Gra jewski  and H.-R. Arntz ,  
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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 



492 Specialia EXPERIENTIA 33/4 

ences in the  phosphol ip id  d i s t r ibu t ion  wi th in  liver sub- 
cellular f ract ions af ter  t r e a t m e n t  wi th  ano the r  l ight 
l an thanon ,  P r a s e o d y m i u m  (Pr). Because it is known t h a t  
the  Cyt. P-450 needs a phosphol ip id  env i ronmen t  for 
proper  funct ion  9, we tes ted  the  effect  of Pr  on the  b inding  
capac i ty  of Cyt. P-450 in the  smoo th  (SER) and rough 
(RER) endoplasmic  re t iculum.  
Materials and methods. In  the  first  pa r t  of the  s tudy,  male 
Sprague-Dawley  ra ts  weighing 170-220 g were used. They 
were divided into 3 groups of 6 each:  group I, controls ;  
group II ,  receiving i.v. Ce (2 mg/kg) as chloride in saline, 
and group I I I ,  receiving Er  (2 mg/kg) as in the  group II.  
The animals  were killed 3 days  af ter  injection,  when  ac- 
cording to our earlier s tudies  the  toxic effects were mos t  
p ronouncedK Livers were removed,  r insed wi th  ice-cold 
0.1 M Tris-HC1 buffer, p H  7.4, and homogenized  in 4 
volumes  of the  same buffer  wi th  a P o t t e r - E l v e h j e m  type  
homogenizer .  The homogena t e  was centr i fuged at  12,000 
•  and 100,000 •  for 20 and 60 min respect ively.  The 

microsomes were resuspended  in the  same buffer  cor- 
responding  to 1 g l iver/ml.  In  t he  second pa r t  of s tudy,  
adul t  female Wis t a r  ra ts  weighing 150-180 g were pre- 
t r ea ted  as descr ibed before 8. They  received 3 mg/kg P r  
i.v. as n i t ra te  in saline and were killed 2 days  af ter  in- 
jection.  To separa te  S E R  and R E R  the  s u p e r n a t a n t  ob- 
ta ined  af ter  12,000 •  was submi t t ed  to a d iscont inuous  
gradient  cen t r i fuga t ion  according to Fleischer  and Ker-  
v ina  1~ The pu r i ty  of the  fract ions was checked by  electron 
microscopy.  
For  de t e rmina t ion  of the  special in teract ions ,  the  f ract ions  
were suspended  in the  same buffer  to yield a prote in  con- 
cen t ra t ion  of abou t  2 mg/ml.  To obta in  sufficient  mater ia l  
for measur ing  the  spect ra l  in te rac t ions  in S E R  and R E R ,  
iivers of the  2 animals  were pooled. Spec t ra  were mea- 
sured at  room t e m p e r a t u r e  in 1 cm cells wi th  an Aminco- 
B o w m a n  spec t ropho tomete r .  The ex t en t  of the  type  I and 

Table 2. Effect of Ce and Er on the with hexobarbital (type I) and 
aniline (type II) induced difference spectra 

Hexobarbital Aniline 
Ama~ K~ A ..... K~ 

Group I 
Controls 18.0 • 1.9 87 20.4 • 1.2 910 

Group II 
Ce 13.4 • 1.8" 175 16.8 • 2.6* 1820 

Group III 
Er 13.3 ~ 5.3 118 17.8 ~- 6.6 910 

The values are given in A ..... /nmolea Cyt. P-450 • 10 a ~ SD. K~ 
inlxM. *p < 0.01. 

Table 3. The spectral interactions in SER and RER subfractions 
of rat liver after pretreatment with Pr 

t ype  II  spectra l  changes  was measured  by  the  difference 
in the  absorp t ion  be tween  the  wave lenghts  of m i n i m u m  
and m a x i m u m  absorpt ion .  Wi th  hexobarb i ta l ,  there  is a 
decrease in opt ical  dens i ty  a round  420 nm and an increase 
a round  390 n m  ( type I spect ra l  change),  wi th  aniline there  
is an increase a round  430 nm and a decrease a round  
390 n m  (type II  spect ra l  change).  The cy tochromes  b 5 
a n d  Cyt. P-450 were measured  according to the  m e t h o d  of 
Omura  and Sato n.  P ro te in  was assayed by  the  Lowry  
react ion 1~. S tuden t ' s  t - t e s t  was used to calculate  the  
significance of the  results.  
Results and discussion. The liver weights  and the  amoun t s  
of the  Cyt. P-450 and b s of the  first  pa r t  of our s t u d y  are 
given in table  1. The liver weights  of Ce- t rea ted  ra ts  
were s ignif icant ly  h igher  t h a n  those of controls  or Er-  
t r ea ted  rats.  This increase is mos t ty  due to the  accumu-  
lat ion of fat  in the  livers of rats  receiving l ight l an tha-  
nonsXK W h e n  examined  microscopically,  the  livers of Ce- 
t r ea t ed  ra ts  showed clear signs of f a t t y  degenera t ion .  This 
is con t rad ic to ry  to the  s t a t e m e n t  of Snyder  et  al. ~4 t h a t  
the  l ight  l an thanons  cause f a t t y  liver only in females. The 
d i sc repancy  may  be due to the  di f ferent  ra t  s t ra in  used. 
In  the  livers of E r - t r ea t ed  rats,  ne i ther  f a t t y  inf i l t ra t ion 
nor  severe necroses could be seen. The liver p ro te in  con- 
cen t ra t ion  was decreased to abou t  84% of cor responding  
controls  only in the  Ce- t rea ted  rats.  This is in accordance  
wi th  f indings of Schurig e t  alA 5 who repor ted  a 30% de- 
crease of liver pro te ins  in female ra ts  t r ea t ed  wi th  ano the r  
l ight  l an thanon ,  Pr,  and fasted for 3 days.  The amo u n t s  
of b o t h  cy tochromes  were s ignif icant ly  decreased in the  
Ce-pre t rea ted  group. 
The spec t ra l  in te rac t ions  wi th  hexobarb i ta l  and aniline 
Iigands in the  microsomat  f ract ion are shown in tabie  2. 
Because the  decrease in the  Cyt. P-450 con ten t  af ter  Ce- 
or P r - t r e a t m e n t  is significant,  the  Am~x-values are cor- 
rec ted  wi th  the  cor responding  amo u n t s  of Cyt. P-450. 
Af te r  this  correction,  Ce still s ignif icant ly inhibi ts  the 
b inding  of bo th  l igands to Cyt. P-450. Al though  the 
b inding  capac i ty  of Cyt. P-450 f rom Er - t r ea t ed  ra ts  t ends  
to be lower t h a n  in controls,  the  changes  were no t  signifi- 
cant .  The Ks-values are increased for t y p e  I spec t ra  in 
b o t h  l a n t h a n o n - t r e a t e d  groups,  bu t  for type  II  spec t ra  
induced  by  aniline the  increase is only  seen in the  Ce- 
t r ea t ed  animals.  I t  has  been proposed  t h a t  the  t ype  I 
b inding  occurs a t  the  pro te in  moie ty  and type  II  a t  the 
heme  iron of Cyt. P-450 ~. In  our s tudy,  no great  differen- 
ces be tween  these  2 b inding  sites could be seen, b u t  it 
seems t h a t  l an thanons  act  pr imar i ly  on the  pro te in  
s t ruc tu re  of the  Cyt. P-450 molecule. 
Recen t ly  L e h m a n n  et  al. s repor ted  differences in the  sub- 
cellular d i s t r ibu t ion  of phosphol ip ids  induced by  Pr  in 
female rats.  Because the  phosphol ip ids  are found to be 
closely associated wi th  the  type  I b i n d i n g  site, we mea- 
sured the  b inding capac i ty  of hexobarb i t a l  and  aniline 
l igands in the  2 liver subcellular fractions,  S E R  and R E R .  
The spect ra l  in terac t ions  in these subfrac t ions  are shown 
in table  3. According to L e h m a n n  et  al. 8, the  Pr - induced  
decrease in phosphol ip id  and Cyt. P-450 con ten t s  occurs 

Hexobarbital Aniline 

SER Controls (4) 5.6 i 0.2 15.8 q- 0.1 
Pr (4) 3.1 4- 0.2 12.8 q- 0.1 

RER Controls (4) 4.8 • 0.5 11.6 4- 0.5 
Pr (3) 6.4 • 0.2 23.5 i 3.8 

The values are expressed as A .... /nmoles Cyt. P-450 • 10 -~ i SD. 

9 H.W.  Strobel, A. Y. H. Lu, J. Heidema and M. J. Coon, J. 
biol. Chem. 245, 4851 (1970). 

10 S. Fleischer and M. Kervina, Metb. Enzym. 31, part A (1974). 
11 T. Omura and R. S~ito, J. biol. Chem. 239, 2370 (1964). 
12 O.H. Lowry, N. J. Rosebrough, A. L. Farr and R. J. Randall, 

J. biol. Chem. 193, 265 (1951). 
13 F. Snyder, E. A. Cress and G. C. Kyker, J. Lipid. Res. 1, 125 

(1959). 
14 F. Snyder, E. A. Cress and G. C. Kyker, Nature 185, 480 (1960). 
i5 R. Schurig and E. Oberdisse, unpublished results. 



15.4. 1977 Specialia 4 9 3  

o n l y  in  t h e  R E R  f r a c t i o n .  T h e  d i s t u r b a n c e s  in t h e  s p e c t r a l  
i n t e r a c t i o n s  a re  a lso  m o s t  p r o m i n e n t  in  t h i s  f r a c t i o n .  
W h e n ,  h o w e v e r ,  t h e  d r a s t i c  fa l l  in Cy t .  P - 4 5 0  c o n t e n t  of  
R E R  (72%)  is t a k e n  i n t o  a c c o u n t ,  a s i g n i f i c a n t  q u a l i t a t i v e  
e f f ec t  of  P r  c a n  o n l y  be  s e e n  in  t h e  S E R .  L i v e r  m i c r o -  
s o m e s  a r e  k n o w n  to  c o n t a i n  m u l t i p l e  f o r m s  of  Cy t .  P -450 .  
I t  is p o s s i b l e  t h a t  t h e  a p p a r e n t  i n c r e a s e  in t h e  b i n d i n g  
c a p a c i t y  o c c u r r i n g  in R E R  is d u e  to  a n  e n r i c h m e n t  of  a 
m o r e  a c t i v e  f o r m  in t h e  r e m a i n i n g  p a r t  (28%)  of t h i s  
c y t o c h r o m e .  
O u r  r e s u l t s  i n d i c a t e  t h a t  l i g h t  l a n t h a n o n s  do  n o t  c a u s e  
c h a n g e s  in  t h e  s p e c t r a l  i n t e r a c t i o n s  o n l y  b y  d e c r e a s i n g  
t h e  c o n c e n t r a t i o n  of Cy t .  P -450 ,  b u t  a lso  c a u s e  a q u a l i t a -  

r i ve  c h a n g e  in  t h e  Cy t .  P - 4 5 0  m o l e c u l e  o r  in  t h i s  m i c r o -  
e n v i r o n m e n t .  T h e r e  a r e  d i f f e r e n c e s  in  t h e  b i n d i n g  ca -  
p a c i t y  b e t w e e n  S E R  a n d  R E R  s n b f r a c t i o n s .  T h i s  m a y  
i n d i c a t e  t h a t  m o r e  t h a n  one  k i n d  of  Cy t .  P - 4 5 0  m o l e c u l e  
is r e a c t i n g ,  or  t h a t  s o m e  e n d o g e n o u s  s u b s t r a t e s  m a y  
p a r t l y  m a s k  one  or  m o r e  b i n d i n g  s i t e s  of  t h e  c y t o c h r o m e .  
T h e  r e a c t i o n  of l a n t h a n o n s  w i t h  t h e  l ip id  f a c t o r  m a y ,  o n  
t h e  o t h e r  h a n d ,  d i s t u r b  t h e  a c c e s s  of  l i g a n d s  to  t h e  c y t o -  
c h r o m e  m o l e c u l e  < 16. 

16 The authors wish to thank Mrs iris Baar, Mrs Brigitte Schr6der 
and Mrs Brunhilde Enkemann for their valuable technical 
assistance. 
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Summary. C h l o r p r o m a z i n e ,  a d r u g  c o m m o n l y  a d m i n i s t e r e d  as  a n  a n t i e m e t i c  d u r i n g  p r e g n a n c y ,  w h e n  a d m i n i s t e r e d  
p r e n a t a l l y  to  c h i c k  e m b r y o s ,  w a s  a s s o c i a t e d  p o s t n a t a l l y  w i t h  a ' c u r l e d  t oe '  a n o m a l y  ( E D  5 0 %  of 88 btg/egg for  t h e  
4 - d a y - e m b r y o ) .  

C h l o r p r o m a z i n e  (CPZ) c a n  a n d  d o e s  c ross  t h e  p l a c e n t a l  
b a r r i e r  in  b o t h  a n i m a l s  artd m a n  1 7. I t  is r o u t i n e l y  
a d m i n i s t e r e d  to  h u m a n  f e m a l e s  d u r i n g  t h e  f i r s t  t r i m e s t e r  
of  p r e g n a n c y  to  c o n t r o l  n a u s e a  a n d  v o m i t i n g  (i.e. 25 
m g / k g )  8. I t  h a s  b e e n  r e p o r t e d  t h a t  a d m i n i s t r a t i o n  of l a rge  
d o s e s  (i.e. 5 0 - 1 5 0  m g / d a y  to  8000 m g / 1 0  d a y s )  to  c o n t r o l  
m a t e r n a l  d e p r e s s i o n  a n d / o r  p s y c h o t i c  b e h a v i o r  h a s  no  
n e o n a t a l  e f f e c t s "  ~2. H o w e v e r ,  a n u m b e r  of  e x t r a p y r a m i -  
d a l  d y s f u n c t i o n s  h a v e  b e e n  r e p o r t e d  fo l l owi ng  p r e n a t a l  
h u m a n  e x p o s u r e  to  r e l a t i v e l y  l a rge  dose s  of  C p z l a  is. I n  
a d d i t i o n ,  in r o d e n t s ,  if C P Z  is a d m i n i s t e r e d  p r i o r  to 
g e s t a t i o n ,  no  b i r t h s  t a k e  p l ace  16. If  C P Z  t r e a t m e n t  is 
s u s p e n d e d  p r i o r  to  g e s t a t i o n ,  a few l i t t e r s  a re  bo rn ,  b u t  
e a c h  l i t t e r  h a s  f ewer  p u p s  t h a n  e x p e c t e d  ~6 1~ a n d  t h e  
p u p s  t h a t  a re  b o r n  a re  s m a l l  for  d a t e s  16. T h i s  d a t a  s u g g e s t  
t h a t  i t  w o u l d  be  i m p o r t a n t  to  d e t e r m i n e  if C P Z  is a 
p h y s i o l o g i c a l  a n d / o r  a n a t o m i c a l  t e r a t o g e n .  S ince  t h e  
d e v e l o p i n g  c h i c k e n  e m b r y o  r e s p o n d s  to  all  k n o w n  t e r a t o -  
g e n s  20, 2~, i t  w a s  d e c i d e d  to  d e t e r m i n e  t h e  e f f ec t  of  p r e n a t a l  

The 'curled toe' anomaly. Note that  all of the phalanges on 1 limb 
and 2 sets of phalanges on the other are involved. The neck and upper 
limb muscle are not involved in the anomaly. In addition, cloacal 
evacuation is normal. 

e x p o s u r e  to  C P Z  o n  t h e  p o s t n a t a l  d e v e l o p m e n t  of  t h e  
c h i c k e n .  
Methods. 120 eggs  were  o b t a i n e d  f r o m  t h e  Co lon ia l  
P o u l t r y  F a r m s  a n d  r e f r i g e r a t e d  p r i o r  to  i n c u b a t i o n  to  
i n s u r e  t h a t  t h e y  w o u l d  be  a t  t h e  s a m e  d e v e l o p m e n t a l  
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