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SYNTHESIS OF [2-3H] CREATINE 
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ABSTRACT 

A method f o r  p repar ing  [2-3H] c r e a t i n e  w i t h  h i g h  s p e c i f i c  a c t i v i t y  i s  

[2-3H] Sarcos ine i s  prepared from [2-3H] g l y c i n e  and p u r i f i e d  by descr ibed.  

ion-exchange chromatography. 

t he  l abe led  sa rcos ine  w i t h  cyanamide, and i s o l a t e d  by ion-exchange chromatography. 

Radiochemical p u r i t y  o f  t he  l abe led  c r e a t i n e  was v e r i f i e d  by i so tope  d i l u t i o n  

a n a l y s i s  and by t h i n - l a y e r  chromatography. 

Key words: c r e a t i n e ,  sarcos ine,  g l y c i n e ,  s p e c i f i c  t r i t i u m  l a b e l i n g  

[2-3H] C r e a t i n e  i s  then synthes ized by r e a c t i o n  o f  

Several  types o f  c e l l s  have been shown t o  take up c r e a t i n e  f rom the  

e x t r a c e l l u l a r  medium by s a t u r a b l e  processes w i t h  va lues f o r  apparent Km i n  t h e  

range o f  0.02 - 0 . 0 4  mM ( I , ? . ) .  I n  s t u d i e s  conducted thus f a r ,  i t  has n o t  been 

p o s s i b l e  t o  d i s t i n g u i s h  unequ ivoca l l y  events  r e q u i r e d  f o r  t r a n s p o r t  o f  c r e a t i n e  

i n t o  t h e  c e l l  f rom those invo lved  i n  i t s  metabol ism. C h a r a c t e r i z a t i o n  o f  t h e  

process of  t r a n s p o r t  r e q u i r e s  accu ra te  measurements o f  i n i t i a l  r a t e s  o f  uptake 

o f  c r e a t i n e  by c e l l s  o r  plasma membrane v e s i c l e s  prepared f rom them. I n  tu rn ,  

such measurements r e q u i r e  l abe led  c r e a t i n e  o f  h i g h  s p e c i f i c  a c t i v i t y .  The r a d i o -  

a c t i v e  c r e a t i n e  t h a t  i s  a v a i l a b l e  commerc ia l ly ,  however, i s  l abe led  w i t h  I 4 C  and 

has s p e c i f i c  a c t i v i t i e s  o f  23 mCi/mmol o r  less.  We r e p o r t  here a convenient  

procedure f o r  syn thes i s  o f  [2-3H] c r e a t i n e  w i t h  s p e c i f i c  a c t i v i t y  309 mCi/mmol. 

The method i s  based on pub l i shed  procedures (3) t h a t  have been adapted for use 

w i t h  a few mg o f  s t a r t i n g  m a t e r i a l s ,  and f u r t h e r  m o d i f i e d  by p u r i f i c a t i o n  o 

i n te rmed ia te  and f i n a l  products  by ion-exchange chromatography. 
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MATERIALS AND METHODS 

[2-3H]  creatine is synthesized by the series of reactions summarized 

in figure 1 .  

C H 3 0  - S 0 2 C I  

t 

1 CH, 
I 

C H 3 0  SO, N C f i z C O O H  

1 

I 

Figure 1 .  Sequence of reactions used f o r  synthesis o f  [2-3H] creatine. 

2: Indicates site o f  labeled atoms of 'H. 
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Prepara t i on  o f  [2-3H] sa rcos ine :  

t he  New England Nuclear Corp. as a s o l u t i o n  o f  25 m C i  i n  25 m l  o f  0.1 N hydro- 

c h l o r i c  a c i d .  

then t r a n s f e r r e d ,  i n  p o r t i o n s ,  t o  a 5 m l  ampule (Vacule Gold Band, Wheaton 

I n d u s t r i e s )  and evaporated t o  dryness i n  a stream o f  n i t r o g e n .  T h i r t e e n  mg 

p - t o l u e n e s u l f o n y l  c h l o r i d e ,  0.6 m l  1 N NaOH, and I 0  drops o f  p-dioxane were 

added t o  t h e  res idue,  and t h e  m i x t u r e  was heated a t  5 O o C  for 2 h .  A f t e r  removal 

of d ioxane by evapora t i on ,  0 .4 m l  1 N NaOH and 1 drop  o f  d ime thy l  s u l f a t e  were 

added, and t h e  r e a c t a n t s  a l l owed  t o  s tand a t  room temperature f o r  15 min.  The 

m i x t u r e  was evaporated t o  dryness, and 2 m l  o f  concentrated h y d r o c h l o r i c  a c i d  

were added. The ampule was sealed and p laced i n  an oven a t  100" f o r  20 h. The 

ampulewas then cooled i n  i c e  and opened. Supernatant f l u i d  was separated from 

the  res idue  o f  s a l t  by means o f  a Pasteur  p i p e t ,  and t h e  res idue  was washed w i t h  

a few drops o f  concentrated h y d r o c h l o r i c  a c i d .  

combined and evaporated t o  dryness. The res idue  was d i s s o l v e d  i n  1 m l  water ,  t h e  

pH ad jus ted  t o  app rox ima te l y  3, and t h e  sample p laced on 1 x 50 cm column o f  

Dowex-50W-X4 (Na' form, 200-400 mesh,) t o  separate sa rcos ine  f rom unreacted 

g l y c i n e  ( 4 ) .  The column was e l u t e d  w i t h  0.1 M sodium c i t r a t e  b u f f e r ,  pH 3.42, 

a t  room temperature,  and labe led  compounds loca ted  by coun t ing  a l i q u o t s  o f  the  

e l u a t e .  F r a c t i o n s  corresponding t o  sa rcos ine  were pooled and desa l ted  by pas- 

sage through an 0.5 x 7 cm column o f  Dowex-5OW-Xb (H' form, 200-400 mesh). 

column was washed w i t h  5 ml water ,  and sa rcos ine  was e l u t e d  w i t h  5 ml 1 N am- 

monium hydrox ide.  The y i e l d  o f  sa rcos ine  was 13 pmol. 

_- P repara t i on  o f  [2-3H]-creat ine:  

most t o  dryness i n  a smal l  c o n i c a l  tube.  Two drops o f  concentrated ammonium 

hyd rox ide  and 2 drops of cyanamide (50% s o l u t i o n  i n  water ,  A l d r i c h  Chemical Co.) 

were added. The m i x t u r e  was a l l owed  t o  s tand a t  room temperature for 1 h. I t  

was then d i l u t e d  w i t h  0.5 ml o f  water ,  and t h e  pH ad jus ted  t o  approx imate ly  6. 

C rea t ine  was i s o l a t e d  by chromatography on Amber1 i t e  CG-50 (100-200 mesh) (5) 

t h a t  had been washed w i t h  5% ( v / v )  a c e t i c  a c i d ,  f o l l o w e d  by de ion i zed  wa te r ,  

[2-3H] g l y c i n e  (I5 Ci/mmol) was ob ta ined  from 

Unlabeled g l y c i n e  (67  pmol) was added t o  t h i s  s o l u t i o n ,  which was 

Supernatant and washings were 

The 

The s o l u t i o n  o f  sa rcos ine  was evaporated a l -  
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be fo re  use. F ine  p a r t i c l e s  were removed by d e c a n t a t i o n  and d i sca rded .  The sam- 

p l e  was a p p l i e d  t o  a n  0.7 x 30 cm column o f  A m b e r l i t e  and e l u t e d  w i t h  w a t e r .  

Two m l  f r a c t i o n s  were c o l l e c t e d ;  a l i q u o t s  o f  t h e  f r a c t i o n s  were mixed w i t h  Hydro- 

f l u o r  (Na t iona l  D i a g n o s t i c s )  and t h e  r a d i o a c t i v i t y  was measured, w i t h  an e f -  

f i c i e n c y  o f  36%, i n  a l i q u i d  s c i n t i l l a t i o n  spec t rometer  ( S e a r l e  A n a l y t i c ,  Inc . ,  

Mark I l l ) .  F r a c t i o n s  were ana lyzed f o r  c r e a t i n e  by enzymat ic  ( 6 )  and c o l o r i m -  

e t r i c  (7)  methods. Reagents i n  t h e  Sigma D i a g n o s t i c  K i t  No. 520 were used f o r  

c o l o r i m e t r i c  a n a l y s i s .  
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F i g u r e  2 .  The p a t t e r n  o f  e l u t i o n  o f  r a d i o a c t i v i t y  (-1 and c r e a t i n e ,  d e t e r -  

mined e n z y m a t i c a l l y  (0-----0) o r  c o l o r i m e t r i c a l  l y  ( x - - - - - x ) ,  i s  shown. 

P r e l i m i n a r y  exper iments  e s t a b l i s h e d  t h a t  unreac ted  sa rcos ine ,  cyana- 

m;de ,  and i t s  decompos i t ion  p roduc ts  were separa ted  f rom c r e a t i n e  on t h i s  column. 
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S a l t  t h a t  had been present  i n  t h e  f i n a l  r e a c t i o n  m i x t u r e  was e l u t e d  f rom the  

column b e f o r e  c r e a t i n e .  

o f  a l i q u o t s  o f  f r a c t i o n s  preceding t h e  c r e a t i n e  peak. The absence o f  s a l t  i n  

t h e  e f f l u e n t  c o n t a i n i n g  c r e a t i n e  was conf i rmed by a n a l y s i s  f o r  Na+ by f lame 

photometry ( I L  Flame Photometer Model 143).  

A r e s i d u e  o f  s a l t  was r e a d i l y  v i s i b l e  upon evapora t i on  

For  i so tope  d i l u t i o n  a n a l y s i s ,  an a u t h e n t i c  sample o f  un labeled c r e -  

a t i n e  monohydrate ( A l d r i c h  Chemical Co.) was r e c r y s t a l l i z e d  f rom water  made a l -  

k a l i n e  w i t h  ammonia. F i f t y  mg samples o f  t h i s  m a t e r i a l  were mixed w i t h  known 

q u a n t i t i e s  o f  r a d i o a c t i v i t y  f rom v a r i o u s  f r a c t i o n s  o f  t he  peak c o n t a i n i n g  c r e a t i n e  

and d i sso l ved  i n  2 m l  warm water  c o n t a i n i n g  ammonia. Ethanol  was added dropwise 

t o  induce c r y s t a l l i z a t i o n .  Samples were r e f r i g e r a t e d  o v e r n i g h t ;  c r y s t a l s  were 

c o l l e c t e d  and a l lowed t o  d r y  t o  cons tan t  weight  a t  room temperature.  The spe- 

c i f i c  a c t i v i t y  o f  t h e  c r e a t i n e  was determined, and c r y s t a l l i z a t i o n  repeated.  

The s p e c i f i c  a c t i v i t y  o f  t h e  c r e a t i n e  was cons tan t  a f t e r  t h e  f i r s t  c r y s t a l l i -  

z a t  ion.  

For t h i n - l a y e r  chromatography, 1 o r  2 ~1 samples o f  f r a c t i o n s  f rom t h e  

Amber l i t e  column were a p p l i e d  t o  l a y e r s  o f  s i l i c a  ge l  G ,  0.25 mm t h i c k .  The 

m o b i l i t y  o f  t h e  r a d i o a c t i v e  m a t e r i a l  was compared w i t h  t h a t  o f  c r e a t i n e  s tan -  

dards i n  t h r e e  s o l v e n t  systems, n-butanol  : f o r m i c  ac id :water  (63:20: 17) ,  i so -  

propanol  :ammonium hydrox ide:water  (100:5:10), and n-bu tano1:pyr id ine :water  ( 1 : l : l ) .  

RESULTS AND D I S C U S S I O N  

The p a t t e r n  o f  e l u t i o n  o f  r a d i o a c t i v i t y  d u r i n g  p u r i f i c a t i o n  o f  c r e -  

a t i n e  on Amber l i t e  CG50 i s  shown i n  f i g u r e  2. The f i r s t  r a d i o a c t i v e  peak con ta ins  

unreacted sa rcos ine  w h i l e  t h e  second con ta ins  c r e a t i n e .  The s p e c i f i c  a c t i v i t y  o f  

c r e a t i n e  was cons tan t  i n  f r a c t i o n s  10-16. C o l o r i m e t r i c  a n a l y s i s  o f  t h r e e  samples 

taken f rom t h e  c r e a t i n e  peak gave s p e c i f i c  a c t i v i t i e s  o f  2.44 5 .22 x 10 

p o l  w h i l e  enzymatic a n a l y s i s  o f  s i x  samples gave 2.49 2 .36 x l o 8  cpm/Umol. 

From t h e  average o f  a l l  va lues,  (2.47 - + 0.29 x l o8  cpm/Umol), and t h e  e f f i c i e n c y  

o f  our  l i q u i d  s c i n t i l l a t i o n  c o u n t i n g  system, we c a l c u l a t e d  t h a t  t h e  s p e c i f i c  ac- 

t i v i t y  o f  t he  c r e a t i n e  was 309 mCi/mmol. I so tope  d i l u t i o n  a n a l y s i s  o f  f r a c t i o n s  

8 
cpm/ 
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10,12,14 and 15 ( f i g u r e  2) showed t h a t  t h e  rad iochemical  p u r i t y  o f  t h e  c r e a t i n e  

was 104 1.4%. 

l a y e r  chromatography i n  t h r e e  d i f f e r e n t  s o l v e n t  systems. Rad ioac t i ve  scanning 

o f  t h e  chromatograms showed t h a t  99 2 1 %  o f  t h e  r a d i o a c t i v i t y  c o i n c i d e d  w i t h  

crea t i ne standards . 

Samples o f  f r a c t i o n s  10,12,14 and 15  were sub jec ted  t o  t h i n -  

The procedure y i e l d s  7 pmol o f  l abe led  c r e a t i n e ,  10% o f  t he  t h e o r e t i c a l  

y i e l d .  T h i s  y i e l d  i s  not v e r y  d i f f e r e n t  f rom t h a t  ob ta ined  i n  syntheses conduc- 

ted w i t h  un labe led  compounds on a much l a r g e r  s c a l e  ( 3 ) .  I n  ou r  procedure,  

l abe led  g l y c i n e  can be recovered d u r i n g  t h e  p u r i f i c a t i o n  o f  l abe led  sa rcos ine  

by chromatography on Dowex-50W-X4 (Na+) and used f o r  t h e  p r e p a r a t i o n  o f  add i -  

t i o n a l  l abe led  c r e a t i n e .  I n  one exper iment,  f o r  example, t h e  f r a c t i o n s  c o r r e s -  

ponding t o  g l y c i n e  (24 umol) were pooled, desa l ted  by passage through an 0.7 x 

1 5  cm column o f  Dowex-50W-X4 (H+) and recyc led  through t h e  e n t i r e  procedure 

y i e l d i n g  an a d d i t i o n a l  2 umol o f  c r e a t i n e .  

The rad iochemical  p u r i t y  o f  t h e  c r e a t i n e  i s  c l o s e  t o  loo%, and i t s  

s p e c i f i c  a c t i v i t y  i s  cons ide rab ly  h i g h e r  than t h a t  o f  the  l abe led  c r e a t i n e  a v a i l -  

a b l e  commerc ia l ly .  S ince t h e r e  was l i t t l e  change i n  y i e l d  when t h e  syn thes i s  

was conducted w i t h  24 p o l  o f  g l y c i n e  i ns tead  o f  67 umol, i t  i s  p o s s i b l e  t h a t  

the procedure can be adapted f o r  p r e p a r a t i o n  o f  c r e a t i n e  o f  even h ighe r  s p e c i f i c  

a c t i v i t y  by u s i n g  a sma l le r  q u a n t i t y  o f  un labe led  g l y c i n e  as c a r r i e r .  

p r e p a r a t i o n  should be u s e f u l  n o t  o n l y  f o r  s t u d i e s  o f  c r e a t i n e  t r a n s p o r t ,  bu t  

a l s o  f o r  i n v e s t i g a t i o n s  o f  o t h e r  b i o l o g i c a l  i n t e r a c t i o n s  w i t h  h i g h  a f f i n i t y  f o r  

c r e a t  ine.  

Th is  

ACKNOWLEDGEMENTS 

T h i s  work was suppor ted by N a t i o n a l  I n s t i t u t e s  of H e a l t h  Research 

Gr-ants AM 26601 and 2 POI  AG 00374. 

We a r e  g r a t e f u l  t o  Miss T ina  Mar ie  Chieco, who p rov ided  t e c h n i c a l  

ass is tance,  and t o  M r .  Demetr ios Karnbosos, who performed the  f lame photometry.  



3 Synthesis of CZ- HI Creatine 383 

REFERENCES 

1 .  

2. 

3 .  

Ku, C - P .  and Passow, H.  Biochim. Biophys. Acta 600: 
Daly,  M.M. and S e i f t e r ,  S .  Arch. Biochem. Biophys. 203: 

McChesney, E.W. and Swann, W.K. J r . ,  J. Am. Chem. S O C .  z: 
F ischer ,  E. and Bergmann, M .  Ann. 3 . :  
Rosengarten, F. and S t recke r ,  A .  A.nn. 157: 1 (1871) .  

4.  Moore, S .  and S t e i n ,  W.H. J .  B i o l .  Chem. 192: 
5.  B e r l e t ,  H.H. Z .  Anal .  Chem. 252-: 159 (1970) .  

6 .  

212 (1979) .  

317 (1980).  

1 \ 1 6  (1937).  

96 (1913) .  

663 (1951) .  

Graber, W . ,  Mo l l e rung ,  H .  and Bergrneyer, H.V. b M e t h o d s  o f  Enzymatic 

A n a l y s i s  (Bergmeyer, H.V.  ed.)  2nd ed. p. 1772, Academic Press,  New 

York (1974) .  

7.  Hughes, B.P. C l i n .  Chimica Acta 1: 597 (1962) .  




