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RADIOLYSIS OF D (  +I-CARNITINE BY 'OC~-~-RADIATION AND 

FORMATION OF L( +)-6-METHYLCHOLINE 
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Summ a r y  

The r a d i o l y s i s  o f  O( + ) - c a r n i t i n e  b y  6 0 C o - l - r a d i a t i o n  was exami- 
ned t o  o b t a i n  o p t i c a l l y  a c t i v e  B - m e t h y l c h o l i n a .  I t  was found  

t h e t  t h e  r a d i o l y s i s  l e a d s  t o  a number o f  t r imethy lannondum bases 
b u t  t o  no o t h e r  b e t a i n e s .  The a c i d s  formed were n o t  i n v s s t i g a t e d .  

The bases produced were separa ted  b y  i o n  exchange chromatography. 
( + ) - a - M e t h y l c h o l i n e  and acetonyltrimethylammonium c o u l d  be i d e n t i -  

f i e d  b y  means o f  common a n a l y t i c a l  methods ( I R ,  NMR, MS and MA) 

a p p l i e d  t o  t h e  f r a c t i o n s .  The amounts o f  methy lamines formed b y  

i r r a d i a t i o n ,  and d e t e r m i n e d  by gas chromatography, were v e r y  
sma l l .  Racemiza t i on  o f  t h e  D ( + ) - c a r n i t i n e  d i d  n o t  occu r  d u r i n g  
i r r a d i a t i o n ,  L ( - ) - c z r n i t i n e  was n o t  f o u n d  when an e n z y m a t i c a l  
d e t e r m i n a t i o n  method was used. The f a c t  t h a t  ( + ) - 8 - m e t h y l c h o l i n e  
was formed f r o m  D (  + ) - c a r n i t i n e  is p h a r m a c o l o g i c a l l y  i m p o r t a n t ,  

because acetyl-L(+)-B-methylcholine has a s t r o n g  i n t e r a c t i o n  
w i t h  n u s c a r i n i c  r e c e p t o r s .  

Key words: r a d i o l y s i s ,  c a r n i t i n e ,  B -methy l cho l i ne ,  pharmacology, 
t r imethy lammonium compounds 

INTRODUCTION 

L ( - ) - c a r n i t i n e  (L(-)-3-hydroxy-4-N,N,N-trimethylaminobutyrate) 

i s  t h e  e s s e n t i a l  c a r r i e r  f o r  t h e  p e n e t r a t i o n  o f  l o n g  c h a i n  f a t t y  

a c i d s  t h r o u g h  t h e  i n n e r  membrane o f  m i t o c h o n d r i a .  T h e r e f o r e  L ( - ) -  
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c a r n i t i n e  i s  t h e  l i m i t i n g  f a c t o r  o f  t h e  B - o x i d a t i o n  i n  t h e  c e l l s  

o f  a n i m a l s  and  humans (1). Because o f  i t s  i m p o r t a n c e  i n  t h e  

m e d i c a l  s c i e n c e s  ( c a r n i t i n e  i s  u s e d  f o r  t r e a t i n g  c a r n i t i n c  de- 

f i c i e n c y  syndromes ( 2 ) )  t h e  m e t a b o l i s m  o f  c a r n i t i n e  has  been 

i n t e n s i v e l y  s t u d i e d .  One o f  t h e  m a i n  q u e s t i o n s  i n  t h e  d e v e l o p -  

ment o f  c a r n i t i n e  d e f i c i e n c y  syndromes i s :  a r e  t h e r e  c a t a b o l i c  

pa thways  i n  n o r m a l  o r  s i c k  o r g a n i s m s  and t o  w h i c h  compounds i s  

c a r n i t i n e  decomposed? 

I n v e s t i g a t i n g  t h e  s e l f - d e c o m p o s i t i o n  o f  D L / m e t h ~ l - ' ~ C / c a r n i -  

t i n e  ( 3 )  we o b t a i n e d  3L-/N-methyl-14C/B-methylcholine a s  one o f  

t h e  d e c o m p o s i t i o n  p r o d u c t s .  B u t  t h e  d e g r a d a t i o n  o f  L ( - ) - c a r n i t i -  

ne t o  t h o  o p t i c a l l y  a c t i v e  B - m e t h y l c h o l i n e  i s o m e r  i s  pha rmaco lo -  

g i c a l l y  much more  i n t e r e s t i n g  because o f  t h e  s t e r e o s p e c i f i c  mus- 

c a r i n i c  a c t i v i t y  o f  t h i s  t r i m e t h y l a m m o n i u m  base i n  v i v o  (4 ) .  

S i n c e  one c a n n o t  d e t e r m i n e  t h e  o p t i c a l  r o t a t i o n  o f  t h e  / m e t h y l -  

14C/R-methy lcho l ine  f o r m e d  f r o m  L(-)-/methyl-14C/carnitine, we 

l o o k e d  f o r  a me thod  t o  d e c a r b o x y l a t e  L ( - ) -  o r  D ( + ) - c a r n i t i n e  

w h i l e  m a i n t a i n i n g  i t s  c o n f i g u r a t i o n .  T h e r o f o r e  we have i n v a s t i -  

s a t e d  t h e  d e c o m p o s i t i o n  o f  D ( + ) - c a r n i t i n e  b y  means o f  6o Co-1- 

r a d i a t i o r ;  and t h e  n a t u r e  o f  t h e  compounds fo rmed.  

MATERIAL AND METHODS 

Chemica ls  

The o p t i c a l  i s o m e r s  o f  c a r n i t i n e  were  o b t a i n e d  b y  r e s o l u t i o n  o f  

t h e  D L - c a r n i t i n e  h y d r o c h l o r i d e  (MERCK, D a r m s t a d t ,  FRG) by t h e  me- 

t h o d  o f  STRACK and MUELLER ( 5 ) .  M e t h y l - 1 4 C - l a b e l l e d  c a r n i t i n e ,  

-I3 -m e t h y l  c h o l  i ne and -ace  t o n y l  t r i m e  t hylamm on ium (ATMA) were  i n d e  - 
p e n d e n t l y  s y n t h e s i z e d  o r  o b t a i n e d  b y  s e p a r a t i n g  t h e  se l f -dacompo-  

s i t i o n  p r o d u c t s  o f  D L - / ~ n e t h y l - ' ~ C / c a r n i t i n e  (3). The i o n  exchan-  

g e r s  were  p u r c h a s e d  f r o m  SERVA, H e i d e l b e r g ,  FRG (DOVVEX 50 WX8) ,  

MERCK, D a r m s t a d t ,  FRG (MERCK I V )  and  VEB C h e m i e k o n b i n a t  B i t t e r -  

f e l d ,  GDR ( N o f a t i t  SBK) r e s p .  

A p p a r a t u s  

The sample  i r r a d i a t i o n  was c a r r i e d  o u t  i n  a Co-60 u n i t  ( Z f I  L e i p -  

z i g )  a t  dose r a t e s  o f  1.5 Gy-s-'. The r a d i a t i o n  doses  were  mea- 
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s u r o s  by means o f  v a r i o u s  d o s i m e t e r  systems ( a ch lorobenzene-  

e t h a n o l ,  a FfUCKE, and a semiconductor  d o s i m e t e r ) .  The tempera- 

t u r e  d u r i n g  i r r a d i a t i o n  was about  4OoC. 

The r a d i o a c t i v i t y  o f  t h e  1 4 C - l a b e l l e d  samples f rom t h e  i o n  ex- 

change chromatography was measured b y  l i q u i d  s c i n t i l l a t i o n  coun- 

t i n g  (LSC) i n  a TRI-CARB 300C (PACKARD INSTRUMENTS,Inc.,USA). 

The methy lamines were de te rm ined  b y  means o f  a gas chromatograph 

model  GCHF 18.3 (VEB Chromatron, B e r l i n ) ,  equipped w i t h  a s t e e l  

column (3m) and packed w i t h  20 % p o l y e t h y l e n e  g l y c o l e  600 and 

1 p o l y e t h y l e n e  i m i n e  on p o r o l i t h  (60-80 mesh) (VkB B e r l i n -  

Chemie, GDR) and a f l a m e  i o n i z a t i o n  d e t e c t o r .  

Sample p r e p a r a t i o n  

F o r  t h e  f o r m a t i o n  o f  8 - m e t h y l c h o l i n e ,  8 samples ( 5  samples o f  

about  l g ,  3 o f  about  5 9 )  o f  c h r o m a t o g r a p h i c a l l y  pu re  D ( + ) - c a r n i -  

t i n e  (/&/5%E = + 37.1') were p u t  i n t o  ampoules, evacuated and 

i r r a d i a t e d  w i t h  d i f f e r e n t  t o t a l  doses o f  0.1 - 2 MGy '. The use 

of D ( + ) - c a r n i t i n e  p e r m i t s  a c o n v e n i e n t  e n z y m a t i c a l  e x a m i n a t i o n  

of t h e  L ( - ) - c a r n i t i n e  p o s s i b l y  formed by r a c e m i z a t i o n .  A f t e r  

open ing  t h e  ampoules ( w i t h  e x c e p t i o n  o f  t h e  ampoules r e s e r v e d  

f o r  d e t e r m i n i n g  t h e  me thy lamines ) ,  t h e  d a r k  c o l o u r e d  substances 

w e r e  d i s s o l v e d  i n  w a t e r  and passed t h r o u g h  an a n i o n  exchanger 

column (50 in1 I d o f a t i t  SEK, OH--form) t o  absorb t h e  anions,  wh ich  

were n o t  i n v e s t i g a t e d  f u r t h e r .  Then t h e  s o l c t i o n s  wcri' passed 

v e r y  s l o w l y  ( 4  drops/min.) t h r o u g h  a column f i l l e d  w i t h  t h e  weak 

c a t i o n  exchanger MERCK I V  (abou t  10 m l )  t o  s e p a r a t e  t h e  b e t a i n e s  

from t h e  bases. Only  when a v e r y  weak c a t i o n  exchanger was a p p l i e d  

were t h e  bsses bound a t  t h e  i o n  exchanger,  b u t  n o t  t h e  b e t a i n e s .  

Thc f i r s t  e l u a t e s  n e r c  evapora ted  t o  d rynsss ,  c a r e f u l l y  d r i e d  

and weighed. Thz bases bound a t  t h e  exchonger were s u b s e q u e n t l y  

e l u t c d  w i t h  100 m l  o f  2 % h y d r o c h l o r i c  a c i d ,  washed w i t h  about  

100 m l  wa te r  and t h e  s o l u t i o n s  were t r e a t e d  i n  t h s  same way as 

t h e  b e t a i n e  f r a c t i o n .  The s o l u t i o n s  were examinad by t h i n  l a y e r  

chrgmatography (TLC) . 
I o n  e x  c h an qi: c h r om a t o q r a p  h 
F o r  i s o l a t i n g  R - m e t h y l c h o l i n e  f r o m  t h d  numerous subs tances  o f  t h o  

base f r a c t i o n  an i o n  exchange chromatogra?hy was c a r r i e d  o u t  by 

u s i n g  a Glass column (30 x 2 cm; 50 m l )  and th;? c a t i o n  exchanger 

' 'iJe would l i k e  t o  thank Dr. 3 .  Schmidt,  Z e n t r a l i n s t i t u t  f u r  I s o -  
topen- und S t r a h l e n f o r s c h u n g  d e r  Akademie d e r  Wissenschaf ten 
d e r  DOR f o r  t h e  i r r a d i a t i o n  o f  t h e  samples and f o r  h e l p f u l  
d i s c u s s i o n s .  
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DOVEX 50 WX8 (H+-form).  The t o t a l  f ract ion o f  t h e  bases o f  sample 

6 (0.5 HGy) was g i v e n  on  t h e  column and s m a l l  amounts o f  DL-/me- 

t h y l - 1 4 C / B - m e t h y l c h o l ~ . n e  and /me.thy1-l4C/ATMA w r &  added as t r a -  

c e r s  f o r  t h e  n o n - r a d i o s c t i v e  substances.  To rcmove n o n - i o n i c  sub- 

s t a n c t s ,  f i r s t  w a t e r  was ?um?c-d th rough  t h o  column (samples 1-50).  

Then h y d r o c h l o r i c  a c i d  (0-2N) i n  a non-1;near g r a d i z n t  was used 

t 3  u l u t e  t h e  f o l l o w i n g  samples, wh ich  were c o l l e c t e d  i n  a sample 

c o l l e c t o r .  500 samples wern c o l l a c t e d ,  o f  5 n l  each. The r a d i o -  

a c t i v i t y  was mczsured i n  each sample (10 y l )  b y  LSC. 

De t e  r m i n a t  ion of L (  - ) - c e r n i  t i n e  

The L ( - ) - c a r n i t i n e  was de te rm ined  e n z y m a t i c a l l y  b y  t h e  DTNG-msthod 

( C ) .  I n  t h i s  method L ( - ) - c a r n i t i n e  r e a c t s  w i t h  acety l -CoA t h c r e b y  

f o r m i n g  a c s t y l - L ( - ) - c a r n i t i n 2  and CoA under  t h e  i n f l u e n c e  o f  c a r -  

n i t i n e  a c a t y l t r a n s f e r a s e  (EC 2.3.1.7). The COP. r e a c t s  w i t h  DTNB 

(5,5'-Dithiobis(2-nltrobenzoic a c i d ) ;  E l l m a n n ' s  r e a g e n t )  t o  form 

a y e l l o w  substance,  wh ich  was moasured ? h o t o m e t r i c a l l y  a t  412 nm. 

GC-de te rm ina t ion  o f  methy lamines 

Two ampoules o f  D ( + ) - c e r n i t i n e  (0.2 and 0.4 MGy) were opened i n  a 

c l o s e d  volume. From t h e  head space d e f i n i t e  amounts (0.25, 0.5 and 

1 m l )  werz i n i e c t e d  i n t o  t h e  gas chromatograph '. Carbon d i o x i d e  

formed d u r i n g  t h e  i r r a d r a t i o n  c o u l d  n o t  be d e t e r m i n e d  s i m u l t a -  

neously .  

We a r e  i n d e b t e d  t o  Dr .  R. K l i c h e ,  S e k t i o n  T i e r p r o d u k t r o n  und 
V e t e r i n a r i a e d i z i n  d e r  K a r l - M a r x - U n i v e r s i t a t  L e i p z i g  f o r  t h e  
d e t e r m i n a t i o n  of t h e  methy lamines.  
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F ig .  1: T h i n  l a y e r  chromatograms o f  t h e  b e t a i n e  f r a c t i o n  (A) and 
t h e  base f r a c t i o n  (B )  a f t e r  s e p a r a t i o n  b y  a n i o n  exchanger 
W o f a t i t  SBK and c a t i o n  exchanger MERCK I V .  

A) 7eaks 1-3: b e t a i n e s  f rom t h e  i r r a d i a t i o n  samples 6,7,8 
(005, 1.0, 2.0 MGy) 
conc. 2 u g / u l ;  each sample 3 p l  and 1 p l  
peaks 4-7: r e f e r e n c e  subs tances :  

4: c a r n i t i n e  b e t a i n e ,  conc. 5 p g / p l ;  2 p1 and 1 p1 
5: 8 -bu ty robe ta ine ,  conc. 3 p g / p l ;  2 p1 and 1 p1 
6 :  g l y c i n e  b e t e i n e ,  conc. 5 p g / y l ;  2 p1 and 1 p1 
7: c r o t o n o b e t e i n e ,  conc. 4 y g / p l ;  2 p1 and 1 p1 

B) ?oaks 1-4: bases ( e l u a t e s  f rom MERCK I V )  f r o m  t h e  
samples 4, 6, 7, 8; 
conc. 1 4; o f  t h e  t o t a l  amount; l p l  
peaks 5-7: r e f e r e n c e  substances:  

5 :  B-methy l cho l i ne ,  conc. 5 ps/pl ;  1 p l  
G :  ATMA, conc. 5 p g / p l ;  1 p1 
7: 8 - m e t h y l c h o l i n e  and ATMA mixed;  1 p l  

TLC: s i l i c a  S e l  G (MERCK), ace t o n s / m e t h a n o l / h y d r o c h l o r i c  
a c i d  (25 %); 90/10/10 (v/v) 

RESULTS 

By i r r a d i a t f - n g  t h e  sam?lus o f  D ( + ) - c a r n i t i n e  b c t a i n e  w i t h  i n c r e a -  

s i n g  doses of 0.1 - 2 MGy , t h e  c a r n i t t n e  was dccom?osed t o  t r i -  

mcthylammonium bases and methy laminos,  de,3ondent on t h e  doses 

(Tab. 1). The G-values were c a l c u l a t e d  a c c o r d i n g  t o  t h e  f o r m u l a :  

(7) 
w t .  $ decomg. o f  t h e  compd. x 6.023 x 
mol. tvt .  x GY x x 6-24 x 

G ( -M)  = 

The e x a m i n a t i o n  o f  t h e  TLC o f  t h e  b e t a i n e  f r a c t i o n  showed t h a t  no 

o t h e r  b e t a i n e s  were formed (e.g. - b u t y r o b e t a i n e  o r  c r o t o n o b e t a i n e )  

(F ig .  1A). Thus, i t  was p o s s i b l e  t o  use t h e  complete b e t a i n e  f r a c -  
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t i o n  f o r  d e t e r m i n a t i o n  o f  t h e  d e c o m p o s i t i o n  r a t e .  I n  c o n t r a s t ,  

t h e  base f r a c t i o n  ( e l u a t e  o f  MERCK I V )  c o n s i s t e d  o f  numerous sub-  

s t a n c e s ,  t h e  mean peak was B - m e t h y l c h o l i n e  ( F i g .  1 B ) .  

By i o n  exchange c h r o m a t o g r a p h y  t h e  i n t e r e s t i n g  bases  B -methy l -  

c h o l i n e  and ATMA w e r e  s e p a r a t e d .  The r a d i o a c t i v i t y  was f o u n d  i n  

two peaks :  i n  t h e  samp les  230-280 and  301-323 f o r  8 - m e t h y l c h o l i n e  

and ATMA r z s p .  ( F i g .  2 ) .  The i d e n t i t y  o f  t h e  s u b s t a n c e s  i n  t h e s e  

samples  was examined b y  TLC (F ig .  3 ) .  

500 

LOO 

300 

200 

100 

samples 

F i g .  2 :  D i s t r i b u t i o n  o f  t h e  
r a d i o a c t i v i t y  o f  t h e  samples  
s e p a r a t e d  b y  i o n  exchange 
ch romatog raphy .  

The a u t o r a d i o s r a p h s  f r o m  TL12 e v i -  

denced t h e  i d e n t i t y  o f  t h e  two 

compourlds w i th  t h e  r e f e r e n c e  sub- 

s t a n c e s .  The samples  w i t h  t h e  same 

conpound were  u n i t e d ,  e v a p o r a t e d  

and r e c r y s t a l l i z e d  ( i s o p r o p a n o l ) .  

::Je o b t a i n e d  69.3 mg o f  B -methy l -  

c h o l i n e  c h l o r i d e  ( a b o u t  50 o f  

t h e  t o t a l  f r a c t i o n )  and 16.2 mg 

o f  ATMA c h l o r i d e .  From b o t h  sub- 

s t a n c e s  t h e  IF?, EJMR and mass s p e c -  

t r a  and t h e  m i c r o  a n a l y s e s  were  

mado. The o 2 t i c a l  r o t a t i o n  o f  B- 

m e t h y l c h o l i n e  was d e t e r m i n e d  t o  be 

/oc/ Eo = + 27.3' ( l = l ;  c=3.5) and 

/u,$E = + 28.5' resp .  

The I R  s p e c t r a  showfd  f o r  R - m e t h y l c h o l i n e  a w i d e  O H - a b s o r 7 t i o n  
band ( 3 1  0-3700 cm- ) and f o r  ATMA a shai,r, C O - a b s o r p t i o n  a t  
1730 cm-'. B o t h  compounds showed t h e  iJRg - a b s o r  t i o n  f roquency ,  
8 - m e t h y l c h o l i n e  a t  9 8 0  cm-1 and ATMk a t  950  cm-'. 

1 The HNMR s p e c t r a  showed t h e  f o l l o w i n g  c h s m i c a l  s h i f t s  (DMSO-d6): 
ATMA:& =3.38 (s.9H; (C;13)z1:) ; 6 =4.76 (s,N-CH2); 6 =2.37 (s,CH3) ,r,?m; 
R - m e t h y l c h o l i n e :  d =3.36 (s,9H; (CH3) N )  ;a =5.52, 5.57 (d, IJ-CH2) 
-11 
(H&S as i n t e r n a l  s t a n d a r d ) .  

=4.5 H z ; d  =4.26-4.63 (m, CH) ;6  =?.31, 1.38 (d,CH3) ppm 
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ATMA 
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1 2 3 L 5 6 7 8 9 l O 1 1  1 2 1 3 U  1516 17101920 

F i g .  3 :  T h i n  l a y e r  chromatogram o f  t h e  i o n  exchange chromatography 
samples. 
peaks 1-9:  samples 240,243,246,248,250,255,260,265,265,27i~ 
(samples evapora ted ,  t h e n  d i s s o l v e d  i n  500 p1 w a t e r )  i 1 p1 
peaks 11-19: samples 295w300,304,308,312,316,320,324w330 
(samples evaporated,  t h e n  d i s s o l v e d  i n  200 J J ~  w a t e r ) ;  1 p1 
peak 10: G-methy l cho l i ne  as r e f e r e n c e :  8 pg/p1; 1 p1 
peak 20: ATMA as r e f e r e n c e :  6 p g / p l ;  1 j.11 
TLC: s i l i c a  g e l  G (MERCK), acetone/methanol/hydrochloric 
a c i d  (25 %) ; 90/10/10 ( v / v )  

i n  t h e  mass s p e c t r a  t h e  d i m e t h y l i m i e  f ragmen t  a t  m/e=44 as base 
peal: f o r  b o t h  compounds c o u l d  be seen. The ma in  f r a g m e n t a t i o n  
pathway was t h e  e l i m i n a t i o n  o f  m e t h y l  c h l o r i d e  and t h o  l o s s  o f  
d imethy lamine.  I n  a n o t h e r  pathway 5 - m e t h y l c h o l i n e  s p l i t  o f f  water ,  
whereas i n  ATMA t h e  bond between t h e  t r i m e t h y l a m i n o  and the  
a c e t o n y l  g roup  s p l i t .  

I t  c o u l d  be p o s s i b l e  t h a t  a r a c e m i z a t i o n  o f  t h e  D ( + ) - c a r n i t i n e  

occu rs  b y  r a d i a t i o n  i n  a d d i t i o n  t o  t h e  d e c a r b o x y l a t i o n .  i n  t h i s  

case we wou ld  o b t a i n  a wrong v a l u e  f o r  t h e  o p t i c a l  r o t a t i o n  o f  

t h e  R - m e t h y l c h o l i n e  formed. T h e r e f o r 3  we examined t h e  amount o f  

L ( - ) - c a r n i t i n e  i n  t w o  r a d i o l y z e d  b e t a i n e  f r a c t i o n s  (0.2 and 2 I G y )  

i n  h i g h  c o n c e n t r a t i o n s  ( 5  mMol/ml) by means o f  t h e  c n z y m a t i c a l  

assey. There was no L ( - ) - c a r n i t i n e  i n  any o f  t h e  samples ((1 nmol/ml) .  

A f t e r  t h e  q u a l i t a t i v e  p r o o f  of  methy lamines by TLC we de te rm ined  

t h e  q u a n t i t y  o f  methy lamines i n  two samples by means o f  gas c h r o -  

matography. The amounts of  methy lamines were v e r y  l o w  ((1 % o f  t h e  

t o t a l  f r a c t i o n )  (Tab. 2). 



614 

0.2 ffiy 
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0.4 MGy 
s a m p l e  

Tab .  2 :  M e t h y l e m i n e s  f o r m e d  by 
i r r a d i a t i o n  of  D(  +) -  
ca r n i t i n e  ( n m o l / s a m p l e )  

D i m e  t h y l -  
a m i n e  

20.4 33.1 

I 65.4 
T r i m e  t h y l -  
a m i n e  

M o n o m e t h y l a m i n e  was n o t  f o u n d .  

T r i m e t h y l a m i n e  a n d  d i m e t h y l -  

a m i n e  were s e p a r a t e d  w i t h  t h i s  

c o l u m n  s u c c e s s f u l l y .  T h e  m e t h y l -  

amines i n v e s t i g a t e d  ap ;Jearec l  i n  

t h e  g a s  c h r o m a t s g r a m  w i t h  d i f -  

f e r e n t  i n t e n s i t i e s .  T h e  p e a k  

a r e a s  o f  t r i n e t h y l a n i n e  a n d  d i m e t h y l a m i n e  were i n  r e l a t i o n  o f  

2.75 t o  1 w i t h  t h e  same amount  i n j e c t e d .  

D I SC USS I 01.1 

I t  i s  a w e l l  known f a c t  t h a t  t h e  s t a b i l i t y  of  t r i m e t h y l a m m o n i u m  

c 3 n p o u n d s  ,is l o w  a g a i n s t  i o n i z i n g  r a d i a t i o n  ( 9 ) .  T h e  s t a b i l i t y  

d e p e n d s  on t h e  s t r u c t u r e  o f  t h e  s u b s t a n c e .  S i m ; l l e  com,Jounds,  

s u c h  a s  / m e t h y l -  C/trimethylethylammonium c h l o r i d e  o n l y  h a v e  a 

G - v a l u e  of  2 ( l o ) ,  b u t  by  s u b s t i t u t i n g  a n  OH-grou? f o r  an H i n  

t h e  B - p o s i t i o n  ( f a r m i n g  c h o l i n e  c h l o r i d e )  t h e  G - v a l u e  i n c r e a s e s  

more t h a n  100 t i n e s  ( 1 0 , l l ) .  T h e  / m e t h y l - 1 4 C / c h o l i n e  c h l o r i d e  is 

t h e  compound w i t h  onc of  t h e  m o s t  s t r i k i n g  d e c o m p o s i t i o n  r a t e s  

o t \ s=rv t .d .  E e s i d e s  t h e  s u b s t i t u e n t s ,  t h e  d e c o m p o s i t i o n  3f  / m e t h y l -  

1 4 C j c h o l i n e  d e 2 r n d s  on t h e  a n i o n  (12). C a r n i t i n e  h a s  l i k e w i s e  a n  

OH-group i n  t h e  B - ? o s i t i o n ,  b u t  i t  i s  a b e t a i n e ,  i n  c o n t r a s t  t a  

ch3l i t : s .  However  t h e  f o r m e r  e x a m i n a t i o n  3f  i t s  s t a b i l i t y  a g a i n s t  

r a d i a t i o n  h a s  b e e n  d o n e  o n  t h e  h y d r o c h l o r i d e .  F o r  t h i s  compound 

a G - v a l u e  of  14 h a s  b e e n  f o u n d  f o r  b o t h  1 4 C - 0 - r a d i a t i o n  a n d  6oCa- 

1 - r a d i a t i o n  ( 1 2 ) .  No i n f o r m a t i o n  was g i v e n  a b o u t  t h e  p r o d u c t s  

forrnzd b y  d e c o m g o s i t i o n .  

1s 

T h e  G - v a l u e s  c a l c u l a t e d  i n  o u r  e x p e r i m e n t s  f o r  t h e  d e c o m p o s i -  

t i o n  o f  D( + ) - c a r n l t i n e  by  6 0 C o - T - i r r a d i a t i o n  s h o w  no c o r r e l a t i o n  

w i t h  t h e  G - v a l u e  o b t a i n e d  by  t h e  s e l f - d e c o m ? o s i t i o n  of  DL- /methyl -  

" C / c a r n i t i n e  (3). It  i s  o b v i o u s l y  n o t  , ) o s s i b l e  t o  c o m p a r e  t h e  

G - v a l u e s  o b t a i i l e d  f r o m  t h e  s e l f - d e c o m p o s i t i o n  of  a l a b s l l e d  con-  
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?ound and  t h e  G-va lue  o b t a i n e d  from an e x t e r n a l  i r r a d i a t i o n  ( 1 3 ) .  

Moreover ,  i t  i s  assumed t h a t  t h e  h i g h  G-va lues  a r e  c a u s e d  by t r a -  

c e s  o f  w a t a r  c o n t a i n e d  i n  t h e  s a m p l e s  i r r e d i a t e d .  F u r t h e r  t h a  G-  

v a l u e s  f o r  t h e  d e c o m p o s i t i o n  of O ( + ) - c a r n i t i n e  a t  v a r i o u s  r a d i a t i o n  

d o s e s  d i f f e r  o v e r  a wide  r a n g e  (Tab. 1 )  and  shovr no l i n e s r  r c -  

l e t i o n s h i p  ba tween t h e  d a c o m p o s i t i o n  and t h e  r a d i a t i o n  doscs.  The 

G ( -M)-va lues  d e c r e a s e  w i t h  i n c r e a s i n g  doses o f  r a d i a t i o n .  Ob- 

v i o u s l y  a s t a b i l i z i n g  e f f e c t  of t he  i n c r e a s i n g  amsun t s  of r a d i a -  

t i o n  p r o d u c t s  o c c u r s  in t h e  r e m a i n i n g  a ( + ) - c a r n i t i n c .  Moreover 

t h e s e  G-va lues  a r e  much h i g h e r  t h a n  t h e  G-va lues  o f  s e l f - d e c a m -  

p o s i t i o n  o f  /me thy l -14C/ca rn i t i n6 .  I t  was assumed by EVANS (13) 

t h a t  a compound w i t h  a G-value  )10 i s  decomposed f r e q u e n t l y  by a 

c h a i n  r e a c t i o n  mechanism. 

In o u r  p a p e r  on t h e  s e l f  d e c o m p o s i t i o n  of DL-/methyl-14C/car- 

n i t i n e  b e t a i n e  we f o u n d  l a b a l l e d  DL-/~nethyl-'~C/B-me t h y l c h o l i n e  

and  /~nethyl- '~C/ATW.. It i s  of g r a a t  i m p o r t a n c e  t o  k n m  t h e  con- 

f i g u r a t i o n  o f  the 8 - m e t h y l c h o l i n c  formed of  an o p t i c a l l y  a c t i v e  

c a r n i t i n e  i s m a r .  Tha 7 a s s i b i l i  t y  t h a t  L( - )  -ca  r n i  t i n s  decomposse 

i t 1  v i v o  t o  8 - m e t h y l c h o l i n e  u i i d o r  t h a  i a f l u e n c a  sf t h e  enzyme c a r -  

n i t i n e  d c c a r b o x y l a s e  ( E C  4.1.1.42) ( 1 4 )  i s  unde r  d i s c u s s i o n  (15, 

16) .  T h i s  f a c t  i s  of  p h a r m a c o l o g i c a l  i n t e r e s t .  I n  t h e  c a s e  t h a t  

acetyl-L(+)-6-methylcholine is formed f rom a c e t y l - l ( - ) - c a r n i t i n e ,  

a s t r o n g  i n t e r a c t i o n  w i t h  m u s c a r i n i c  r e c e p t o r s  i s  t o  be e x p e c t e d .  

The c o n f i g u r a t i o n  o f  8 - m e t h y l c h o l i n c  h a s  been eviclonced by 

BECKETT e t  a l .  ( 8 )  and ELLEIJBROEK e t  a l .  ( 1 7 )  v i a  on  i n d e p e n d e n t  

r o u t e  of s y n t h e s i s  from L ( + ) - l a c t i c  a c i d :  

COOH 
I 

CH - + N ( c H ~ ) ~  
I *, 

I 
CH3 

I 
CH 3 

L( +)-Lac t i c  a c i d  L (+ )-8-Me t h y l c h o l i n e  

By o u r  p r o c e d u r e  o p t i c a l l y  a c t i v e  ( + ) - 0 - n e t h y l c h o l i n e  was ob-  



616 H. Loster, H. Seim and E.  Strack 

t a i n e d  a s  well.  T h e o r e t i c a l l y  L ( + ) - 8 - m e t h y l c h o l i n e  m u s t  i ) ~  f o r -  

med f rorn D ( + ) - c a r n i t i n e  a c c o r d i n g  t o  t h e  e q u a t i o n :  

coo- + N(CH3)3 X- 
I l 

CH 2 

C H 2  CH 3 

fH2  I 

+I N(Ct13)3  

+ c02 H-C -OH H O - C - H  
I I 

D ( + ) - C a r n i  t i n e  b e t  a i n o  L ( + ) - 8- Fle t h y 1 c l-8 o l  i n  e 

The dc ca r box y 1 a t i r) n o f  D ( + ) - c a  rn  i t i ne l e  a d s  t o L ( + ) -8-me t h y l  c h o- 

l i n e .  C o n s o q u e n t l y ,  d o c a r b s x y l a t i o n  0 7  a c e t y l - L - c a r n i t i n e  m u s t  

l e a d  t o  acetyl-D-G-me t h y l c h o l i n e . ,  a compound o f  r c l a t i v e l y  l a w  

a u s c a r i n i c  a c t i v i t y .  

I n  s o n c l u s i o n :  I f  t h e  c a r n i t i n 2  d e c a r b o x y l a s e  i s  a c t i v e  i n  t h e  

body, ot:ly t h e  i n a c t i v e  6 - m e t h y l c h o l i n e  is0mr.r c o u l d  be  formed 

F r o m  t h e  c a r n i  t i n e  p o o l  o r  from t h e  L - c a r n i t i n e  t h e r a p e u t i c a l l y  

u s e d  f o r  s u b s t i t u t i o n  i n  p a t i e r l t s  w i t h  c a r n i t i n c  d e f i c i e n c y  

s y n d r o n s s .  
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