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Intermolekulare Wechselwirkun~en der Folsiiure mit  N-Phthaloyl -DL-glutaminsi iure .  Ein Beitrag 
zur Frame der teratogenen Wirkun~ des  Thal idomid 

~3ber d e n  Z u s a m m e n h a n g  yon  F o l s ~ u r e m a n g e l  m i t  
e m b r y o n a l e n  Mis sb i ldungen  l iegen be re i t s  zah l re iche  
B e o b a c h t u n g e n  v o r  ( z u s a m m e n f a s s e n d e  D a r s t e l l u n g  bei  
NELSON 1, s iehe wei terh in2-4) .  V o n  v e r s c h i e d e n e n  Se i ten  
w u r d e  die V e r m u t u n g  a 'usgesprochen,  dass  a u c h  die 
t e r a t o g e n e  W i r k u n g  des  T h a l i d o m i d  auf  e inen  Eingr i f f  
in  den  Fo ls~ures to f fwechse l  des  e m b r y o n a l e n  O r g a n i s m u s  
zur i i ckzuf i ih ren  i s t  s-8. Diese V o r s t e l l u n g e n  l iessen die 
U n t e r s u c h u n g  de r  F r a g e  i n t e r e s s a n t  e rsche inen ,  inwiewei t  
FoisXure (I) m i t  T h a l i d o m i d  (II )  bzw.  se inen  me tabo l i -  
s c h e n  A b b a u p r o d u k t e n  in  e ine  i n t e r m o l e k u l a r e  ~Vechsel- 
w i r k u n g  zu t r e t e n  ve r m ag .  ~3ber die d u t c h  H y d r o l y s e  
e n t s t e h e n d e n  A b b a u p r o d u k t e  des  T h a l i d o m i d  l i eg t  be-  
fe l t s  e ine  u m f a n g r e i c h e  L i t e r a t u r  v o r  *-x~. U n t e r  den  i m  
m e n s c h l i e h e n  O r g a n i s m u s  a u f t r e t e n d e n  M e t a b o l i t e n  des 
T h a l i d o m i d  t r e t e n  i n s bes onde r e  N - P h t h a l o y l g l u t a m i n -  
s ~ u r e a m i d e  u n d  N - P h t h a l o y l g l u t a m i n s ~ u r e  ( I I I )  auf.  

I n  de r  fo lgenden  U n t e r s u c h u n g  w u r d e  d a h e r  die  F r a g e  
e iner  i n t e r m o l e k u l a r e n  ~Vechse lwirkung de r  Fols~ture m i t  
N-Ph tha loy l -DL-g lu t am i ns A ur e  u n t e r s u c h t .  

I n t e r m o l e k u l a r e  Veechse lwi rkungen  zwischen  Fols / iure  
u n d  N-Phthaloyl-DL-gIutamins~Lure  lassen  s ich  d u r c h  
So lub i l i s a t i onsve r suche  in  wasse r f re iem D i o x a n  nach -  
weisen  (F igur  t ) .  
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W e c h s e l w i r k u n g e n  be te i l ig t  zu sein.  Daf i i r  sp r i ch t  ins- 
be sonde re  de r  U l n s t a n d ,  dass  FolsAure gegeni iber  typ i -  
sehen  E l e k t r o n e n - A k z e p t o r e n  als  E l e k t r o n e n - D o n o r  a u g  
t r e t e n  k a n n .  So Igsst  s ich  zeigen, dass  Fols i ture  m i t  d e m  
E l e k t r o n e n a k z e p t o r  T e t r a c h l o r c h i n o n  (Chlorani l)  e inen  
C h a r g e - T r a n s f e r - I { o m p l e x  b i lde t ,  d e r  s ich  d u r c h  eine 
C h a r g e - T r a n s f e r - B a n d e  (~m~= = 550-560 nm)  zu e rken-  
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Fig. 1. L6sliehkeitserhShung der FolsSure in getrocknetem Dioxan 
durch N-Phthaloyl*nL-glutaminsfiure. 
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Fig. 2. L6siichkeitserh6hung der N-(4-Aminobenzoyl)-L-glutamin- 
sfiure in getrocknetem Dioxan dutch N-Phthaloyl-DL-glutamins~iure. 

Aus  F i g u r  1 g e h t  he rvor ,  dass  die in  wasse r f re i em 
D i o x a n  n u r  r e l a t i v  schwer  16sliche Fols~Lure (L6s l ichkei t  
1,6 × 10-5M)  d u r c h  Z u s a t z  y o n  N - P h t h a l o y l - D L - g l u t a m i n -  
sAure so lubi l i s ie r t  wird .  Dies  tXsst auf  e ine i n t e r m o l e k u l a r e  
W e c h s e l w i r k u n g  zwischen  d e n  b e i d e n  Moleki i len  schlies-  
sen. E s  e rg ib t  s ich d a r a u s  e ine  K o m p l e x b i l d u n g s k o n -  
s t a n t e  K y o n  5,5. 

F i i r  diese W e c h s e l w i r k u n g  i s t  o f f enba r  de r  N- (Amino-  
benzoyl ) -Te i l  des  Fols l iu remoleki i l s  v e r a n t w o r t l i c h .  Dies  
e r g i b t  s ich aus  a n a l o g  d u r c h g e f i i h r t e n  Solub i t i sa t ions-  
v e r s u c h e n  zwischen  N- (4 -Aminobenzoy l ) -L-g lu tamins i tu re  

• u n d  N - P h t h a l o y l - D L - g l u t a m i n s ~ u r e  (F igur  2). A u c h  h ie r  
e r g i b t  s ich  e ine  S t e i g e r u n g  de r  L6s l i chke i t  d e r  N-  
(4 -Aminobenzoy l ) -L -g lu t amins~ure  d u r c h  den  Z u s a t z  
y o n  N-Ph tha loy l -DL-g lu t aminsAure  ( K o m p l e x b i l d u n g s -  
k o n s t a n t e  K = 4,5). 

W a s  die  A r t  de r  XVechselwirkungskr~ffe  angeh t ,  so 
s che inen  E l e k t r o n e n - D o n o r - A c c e p t o r -  (Charge- t rans fe r ) -  
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hen gibt  (Figur  3). E ine  ganz anMoge Charge-Transfer-  
Bande  1/tsst sich auch durch  eine ~Vechselwirkung von  
5, 6, 7, 8-Tetrahydrofolsgure  m i t  Chloranil  beobachten.  Im  
Fal le  der N-Phthaloyl -DL-glutamins~ure  wiirde die Ph tha l -  
im id s t ruk tu r  als Akzep to r  anzunehmen  sein. 

Diese t3efunde lassen es m6glich erscheinen, dass die 
t e ra togene  Wi rkung  des Tha l idomid  auI eine "Wechsel- 
wi rkung  der  als Metabol i t  au f t r e t enden  N-Ph tha loy l -  
glutaminsi ture  (bzw. ihrer  Amide)  mi t  FolsAure oder  
Tetrahydrofols i iure  zuri ickzufi ihren ist. 

Experimentelle Angaben. 1. Solubi l isat ionsversuche.  E in  
Oberschuss yon  Folsgure  ( 4 0 m g ;  fiir b iochemische  
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Fig. 3. Charge-Transfer-Banden der Komplexe Fols~ure-Chloranil(I) 
und Tetrahydrofols~ture-Chloranil (II). Kurve III: Extinktion der 
Fols~iure. Kurve IV: Extinktion der 5,6,7,8-Tetrahydrofolsiiure. 
Konzentration an FolsAure bzw. Tetrahydrolols~ure in allen F~illen 
5,0 x 10-SM. Konzentration an Chloranil 5,0 × 10-2M. L6sungs- 
mitteh N, N-Dimethylformamid. 

Zwecke, Merck) wurde  mi t  0; 3; 5 ; 6, 66; 8 und 10 × 10 -~ M 
L6sungen yon N-Phthaloyl-I)n-glutamins~Lure in getrock-  
ne tem Dioxan  (Merck) 3 h bei 20 °C ( +  0,1 °) geschii t tel t .  
Die  ersten 5 ml  des F i l t r a t s  wurden  verworfen.  In  10 rnl 
des F i l t r a t s  wurde  in e inem 25-ml-K61bchen die FolsSmre- 
menge  nach  Spal tung,  Diazo t ie rung  und Kupp lung  der  
en t s t andenen  N-(4-Aminobenzoyl) -glutaminsi ture  photo-  
met r i sch  bei  550 n m  b e s t i m m t  14. 

I m  Fal le  der  Solubi l isat ion der  N-(4-Aminobenzoyl)-L-  
g lutaminsi iure  wurde  un te r  Verwendung  von  300 mg  
N-(4-Aminobenzoyl)-n-glutamins~iure i n  gleicher Weise  
verfahren.  2 ml  einer Verdf innung des F i l t ra t s  (5: 1000) 
werden  in e inem 25-ml-Kolben diazotiert ,  gekuppel t  x5 
und die E x t i n k t i o n  nach 10 min  bei 550 n m  bes t immt .  

2. Charge-Transfer-Bande.  Die Charge-Transfer -Banden  
yon  Folsi iure bzw. Tetrahydrofols i iure  m i t  Chlorani l  wur-  
den in der  Weise erhalten,  dass gleiche Teile  yon  L6sungen 
der  FolsAure bzw. Tetrahydrofols l ture  (1 × 10-2AI) und 
Chlorani l  (1 × 10-ZM) in N , N - D i m e t h y l f o r m a m i d  30 bis 
60 rain nach  der  Mischung gemessen wurden.  Als Referenz 
diente  eine g le ichkonzentr ier te  Chloranil-L6sung. 

Summary. W i t h  the  add i t ion  of N-phthaloyl-DL- 
g lu tamic  ac id ,  a me tabo l i t e  of tha l idomide,  t he  solubi l i ty  
of folic acid rises owing to greater  complexi ty .  These  
results could explain the tera togenic  effect  of tha l idomide .  
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Chronic Ingestion of Rubidium without Toxicity: 

R u b i d i u m  z has been found to  a l ter  the  E E G  and be- 
hav io r  of monkeys  2. On the  basis of these  and o ther  
observat ions,  as well  as analogous effects w i th  l i th ium,  
i t  has  been suggested t h a t  rub id ium m i g h t  h a v e  thera-  
peut ic  appl ica t icn  in the  affect ive  disorders of humans .  
Since such an appl ica t ion  migh t  require  long- te rm inges- 
t ion of rubidium,  i t  was impe ra t i ve  to de te rmine  the  
effect  on animals  of  chronic rub id ium ingestion. There  are 
several  reports3-~ indica t ing  t h a t  r epea ted  adminis t ra-  
t ion of rub id ium to animals  f requen t ly  ends in convul-  
sions and death .  The  observat ions  repor ted  in this  paper  
demons t r a t e  the  condi t ions  under  which  ra ts  can  be  
main ta ined  for at  least  3 generat ions  while  chronical ly  
ingest ing rub id ium v ia  the  dr inking  wa te r  w i thou t  
deleter ious effects on heal th .  

Materials and methods. Sprague-Dawley  rats,  fed a 
normal  Teklad  chow, were g iven as the i r  only  source of 
dr inking  wa te r  a solut ion conta in ing  10 mmoles  each of 
RbC1 and KCI per  1 of dist i l led wa te r  (group Rb  + K). 
A control  group was s imilar ly  supplied wi th  a dr inking  
water  conta in ing  20 mmoles  per  1 of KC1 (group K + K). 
Both  groups were s tar ted  on this  wa te r  i m m e d i a t e l y  
af ter  weaning. The  dr ink ing  wa te r  was kep t  cons tan t  
in composi t ion for 3 generat ions,  except  as noted  below. 

Some animals  f rom each group were  re ta ined  for 
breeding. The  resul t ing p rogeny  were bred and became 

Implications for Human Therapy 

in t u rn  the  source of a 3rd generat ion.  All of the  fol lowing 
da ta  refer to the  3rd generat ion.  Some of the  3rd genera-  
t ion were supplied wi th  normal  dr inking wa te r  af ter  
weaning;  the  remainder  were cont inued on the  (Rb + K) 
or  (K + K )  water .  Some of the  (Rb + K) animals  were  
kil led and several  of the i r  organs assayed for Rb  by  
a tomic  absorpt ion  spec t ropho tome t ry  z° and for Na and 
K by  f lame pho tomet ry .  A colony of rats  raised under  
normal  breeding condi t ions  in the  same facilities, approxi -  
m a t e l y  dur ing the  same t ime  span, p rovided  comparab le  
breeding data .  

Results. There  were no s ta t is t ica l ly  s ignif icant  dif- 
ferences among  the  three  groups, e i ther  wi th  respect  
to weight  of the  l i t ters  a t  weaning,  deaths  pr ior  to  
weaning,  or t he  percentage  of dea ths  t h a t  occurred 
wi th in  the  yea r  fol lowing weaning (Table I). W h e n  the  
(Rb + K) group was divided into 2 subgroups,  1 (N = 20) 
ma in t a ined  on the  normal  wa te r  af ter  weaning,  and  
ano ther  (N = 72) ma in ta ined  on the  (Rb + K) water ,  
i t  was found t h a t  the  subgroups did no t  differ  in mor-  
t a l i ty  ra tes  dur ing the  year  fol lowing weaning.  

Of the  5 organs examined  for monova len t  cat ion con- 
t en t  (Table II)  the  l iver  showed the  greatest ,  and the  
bra in  showed the  least  capac i ty  to accumula te  Rb.  The  
rat io,  R b : K ,  averaged  0.32 for liver, 0.16 for kidney,  
0.10 for lung, 0.08 for hear t  and 0.03 for brain.  


