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, . , , L . . . .  Das Massenspektrura des ~thyl- ~0(] esters {ti). 

schen Ms ausreichend. Die Retentionszeit  von (II) ist im 
Vergleich zu einigen anderen AminosAure/tthylestern in 
der Tabelle angegeben. 

Retentionszeiten: (Trennsfiule: StahI, 5' × z]4~, 250°C, 20% SE-30 
auf Chromosorb W 60-80 mesh; Tragergas: Helium, 40 ml]min) 

Methioniu~tthylester 1,1 rain. 
Hydroxyprolin~ithylester 1,25 rain. 
Phenylalanin~thylester 1,8 rain. 
Tyrosin~ithylester 4,15 rain. 
Pyrimidylornithinfithylester 7,9 rain. 

Die Fragmentierung wird sichtlich durch die An- 
wesenheit des heterocyclischen Ringes stark beeinflusst. 
Die meist sehr charakteristischen Fragmente yon 
a-Aminosiiure~tthylestern 1, z.B. das ,Ester-Fragment,> 

{+) 
H2N=CHCOOC2H5 (m/e 102) und das entsprechende 

(+} 
, Amin-Fragment  >> RCH=NH, (m/e 193), t reten fiberhaupt 
nicht bzw. nur in sehr geringer Menge auf. Letzteres ist 
allerdings wie beim hierin vergleichbaren Lysin~thylester 
eine Folge der starken Eliminierung von NH 3 aus dem 
Amin-Fragment,  so dass als dessen Folgeprodukt ein Ion 
der Masse 176 auftritt ,  welches sogar dem t3asispeak des 

Spektrums entspricht. Die Peakgruppe m/e 123, 124 und 
125 reprltsentiert, wie die entsprechenden Elementar- 
zusammensetzungen zeigen, den Aminopyrimidinrest  des 
Molekiils, wobei zur Bildung der jeweiligen Ionen die 
10bertragung yon 1, 2 und 3 Wasserstoffatomen auf den 
Heterocyclus erforderlich ist. l~ber die mechanistische 
Seite dieser ungew6hnlichen Reakt ion soil in einem an- 
deren Zusammenhang berichtet werden. 

Summary. Arginine has been converted into a suitable 
pyrimidine derivative to permit  its qual i ta t ive analysis 
in the presence of other  amino acids by means of mass 
spectrometric and gas-chromatographic techniques. 
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E v i d e n c e  tha t  M e t h y l g u a n i d i n e  is  R e t a i n e d  in C h r o n i c  R e n a l  Fa i lure  

Monosubstituted guanidines are known to be retained 
in chronic renal failure (YATZlDIS et  al. x) and their con- 
centration has been found to be proportional to that  of 
creatinine (GIOVANNETTI et al.2). I t  is also known that  
guanidine and methylguanidine exert  a broad inhibitory 
effect on several enzymes of biological importance for 
m a n  (HOLLUNGER 3, RAJAGOPOLAN et al.*). Furthermore 
guanidine has been found to inhibit  the in vi tro oxygen 
consumption of brain slices (LASCELLES e t  al.S). 

Studies from this laboratory provided evidence tha t  
guanidine, monosubsti tuted guanidines, creatine and 
creatinine increase the amount  of the spontaneous auto- 
haemolysis occurring in vi tro during incubation of normal 
blood samples, guanidine and methylguanidine being the 
m o s t  e f fec t ive  (GIOVANNETTI e t  Mfl). 

In the present study a t tempts  were made to identify 
guanidines which accumulate in chronic renal failure. 

Material and methods. Blood samples from 10 normal 
persons and from 12 chronic uraemics were examined. In  
the uraemic plasma samples the creatinine concentrations 
ranged from 11-21 mg% (auto-analyzer) and those of the 
monosubsti tuted guanidines from 0.6-3.2 mg% (YATzIOIS 
method t). Figures in 10 normal persons were previously 
found to be 0.22 :~ 0.19 (GIoVANNETTI et al.~). 

1 H, ~ATZIDIS, D. OREOPOULOS~ N. TSAPARAS~ S. r~rOUDICEARI~ 
A. STAVROULAKIS and S. ZESTANAKIS, Nature 212, 1498 (1966). 

2 S. GIOVANNETTI, P. L. BALESTRI, L. CtoNx and M. BIAGINI, Chn. 
Sci., in press. 

s G. HOLLUNGER, Acta pharmacol, tox. I1 Suppl. 1 (1955). 
4 K. RAJAGOPOLAN, K. V. FRtDOW~CIt and P. HANDLER, Fedn Proc. 

Fedn Am. Sots exp. Biol. 19, 49 (1960). 
s p.T. LASCELLES and W. H. TXYLOR, Clin. Sci. 3t, 403 (1966). 



3 4 2  Specialia EXPERIENTIA 24•4 

Arginine Creatine Creatinine Guanidine Methyl- Guanidino- Guanidino-Guanidino- Guanidino- 
guanidine acetic propionic butyric suceinie 

acid add  acid add 

Sakaguchi +++ - 
Alealine picrate - - +++ 
Ninhydrin +++ + + 
Alkaline ferrieyanide-nitroprosside - ++ +++ 
a-Naphthol-diacetyl ++ +++ - 
Pent acyano-amino-ferrate ++ +++ - 

- -  + + +  + + +  + + +  + + +  + + +  

_ _ + + + +  + + +  - -  
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The eolour reactions of guanidines and related compounds. 
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A schematic representation of the chromatograms obtained ~th the 

test substances (A) and with tile extracts of the nraemie plasma (B). 
Solvent systems: (I) butanol-acetic add-water (80: 20 : 20) ; (II) bu- 
tanol-formic acid-water (63 : 20 : 17) ; ( I I I )  propanol-20% NHa-water 
(73:20:7); (IV) pyridine-isoamyl aleohol-NHa-water (8:4:1:4); 
(V) pyridine-isoamil alcohol-acetic acid-water (8 : 4:1:4); {VI) phenol 
saturated with water containing 6.3% sodium citrate and 3.7% 
sodium dihydrogen phosphate. Test substances: (1) arginine {base); 
(2) ereatine; (3) creatinine; (4) guanidine (base); (5) methylguanidine 
{base); (6) guanidinoacetic acid; (7) guanidinopropionie acid; 
(8) guanidinobutyric acid; (9) guanidinosueeinic acid. 

D e s c e n d i n g  c h r o m a t o g r a p h y  on  W h a t m a n  No. 1 p a p e r  
was  e m p l o y e d  b y  us ing  6 of t h e  s o l ven t  s y s t e m s  i nd i ca t ed  
b y  BLOCK e t  al. ~. Guan id ines ,  a rg in ine ,  c r ea t i ne  a n d  
c r e a t i n i n e  were  e x t r a c t e d  f rom p l a s m a  (20 ml)  w i t h  t h e  
modi f i ed  YATZlDIS m e t h o d  p rev ious ly  descr ibed  (GIOVAN- 
NETTI e t  el.2). A t t e n t i o n  was  p a i d  so t h a t  for c h r o m a -  
t o g r a p h y  t h e  s a m e  a m o u n t  of ex t r ac t ,  c o r r e s p o n d i n g  to  
4 - 5  m l  o f  p la sma ,  were  used  for  n o r m a l  a n d  for  u r aemic  
p l a s m a  samples .  

C h r o m a t o g r a m s  were  deve loped  w i t h  t h e  co lour  r e a g e n t s  
i n d i c a t e d  b y  BLOCK e t  M. s, as  l i s ted  in  t h e  Table .  

G u a n i d i n e  base  was  o b t a i n e d  f rom t h e  B .D .H.  (Poole, 
E n g l a n d ) ,  c r ea t i ne  a n d  c r e a t i n i n e  f rom E r b a  S.p.A.  
(Milano),  m o n o s u b s t i t u t e d  g u a n i d i n e s  f rom K. & K. 
Lab .  Inc .  (New York)  w i t h  t h e  e x c e p t i o n  of g u a n i d i n o -  
succinic  acid,  w h i c h  was  suppl ied  b y  M a n n  R e s e a r c h  Lab .  
Inc .  (New York) .  

Results. I n  all  t h e  c h r o m a t o g r a m s  o b t a i n e d  b o t h  w i t h  
n o r m a l  a n d  u r a e m i c  p lasma ,  a spo t  was  found  h a v i n g  t h e  
s ame  Rf  va lues  (Figure)  a n d  t h e  s a m e  colour  r eac t i ons  
(Table) as m e t h y l g u a n i d i n e  ba se  a d d e d  in  v i t r o  to  n o r m a l  
b lood  or i n j ec t ed  to  n o r m a l  dogs (as HC1), a n d  t h e n  ex- 
t r a c t e d  f rom p l a s m a  a n d  s u b m i t t e d  to  t h e  c h r o m a t o -  
g raph ic  mig ra t i on .  

I n  t h e  c h r o m a t o g r a m s  o b t a i n e d  w i t h  u r aemic  p l a sma ,  
t h i s  spo t  was  m u c h  la rger  t h a n  in t hose  o b t a i n e d  w i t h  
n o r m a l  p l a sma .  

W h e n  th i s  spo t  was  deve loped  w i t h  t h e  Sakaguch i  
r eagen t s  a n d  t h e n  e lu ted  f rom the  c h r o m a t o g r a m s  
(e thano l -wa te r ,  50 : 50 v.v.)  o b t a i n e d  w i t h  u r aemic  p lasma ,  
t h e  co lo r imet r i c  e v a l u a t i o n  showed  t h a t  i t  r e p r e s e n t e d  
t h e  88.3 4- 9 .7% of t h e  S a k a g u c h i  pos i t ive  ma te r i a l .  

A second S a k a g u c h i  pos i t ive  spo t  was  a lways  found  in 
t he  c h r o m a t o g r a m s  a n d  th i s  h a d  t h e  s ame  Rf  va lues  
(Figure)  a n d  t he  same  colour  r eac t ions  (Table)  of a rg in ine  
base.  Two  spo ts  were also c o n s t a n t l y  p r e s e n t  h a v i n g  t h e  
s a m e  p rope r t i e s  as c r e a t i n i n e  a n d  c r e a t i n e  (Figure  a n d  
Table) ,  a n d  b o t h  were  l a rger  in  t h e  c h r o m a t o g r a m s  
o b t a i n e d  w i t h  u r a e m i c  p l a s m a  t h a n  in  t hose  o b t a i n e d  
w i t h  t h e  n o r m a l  one. 

I n  no  c h r o m a t o g r a m  o b t a i n e d  w i t h  u r aemic  or  n o r m a l  
p l a s m a  a s p o t  was  f o u n d  h a v i n g  t h e  s a m e  p rope r t i e s  of  
g u a n i d i n e  base.  

Conclusions. T h e  resu l t s  o b t a i n e d  p r o v i d e  ev idence  t h a t  
m e t h y l g u a n i d i n e  is p r e s e n t  b o t h  in n o r m a l  a n d  u r a e m i c  
p l a s m a  a n d  t h a t ,  in  t h e  l a t t e r ,  i t  is g r e a t l y  increased ,  
a c c o u n t i n g  for  m o s t  of t h e  Sakaguch i  pos i t ive  ma te r i a l .  
M e t h y l g u a n i d i n e  is a c o n s t i t u e n t  of c r e a t i n e  (me thy l -  
guan id inoace t i c  acid) a n d  of i t s  d e r i v a t i v e  c rea t in ine ,  a n d  
th i s  sugges ts  t h a t  all  such  s u b s t a n c e s  m a y  h a v e  some 
c o m m o n  m e t a b o l i c  p a t h w a y .  

Cons ider ing  t he  h igh  t o x i c i t y  of m e t h y l g u a n i d i n e ,  t h e  
suspic ion  is jus t i f i ed  t h a t  i t  p l ays  a role in  t h e  genesis  of 
t he  u raemic  s y n d r o m e  as i t  was  sugges ted  b y  MASON et  a12 
m a n y  years  ago s. 

Riassunto. L a  c r o m a t o g r a f i a  su c a r t a  h a  pe rmesso  di 
a c c e r t a r e  che  la  m e t i l g u a n i d i n a  ~ p r e s e n t e  nel  s a n g u e  
u m a n o  n o r m a l e  ed + t r a t t e n u t a  negl i  u r emic i  in  cui  r ap -  
p r e s e n t a  la  quas i  t o t a l i t ~  del m a t e r i a l e  S a k a g u c h i  posi-  
t ivo .  

S. GIOVANNETTI, M. BIAGiNt a n d  L. CIONI 

General 21/[edical Department o] the University o /P i sa  
(Italy), 12 October 1967. 

R. J. BLOCK, E. L. DURRUM and G. ZwEm, Paper Chromatography 
and Paper Electrophoresis (Academic Press Inc., New York 1958). 

7 M.F. MASON, H. RESNZK JR., A. S. MIrCOT, J. RAINEV, C. PILCrtER 
and T. R. HARRISON, Archs intern. Med. 60, 312 (1937). 

s Supported by the Italian National Research Council (C.N.R. 
Roma). 


