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Herrn D. LAUKO sei an dieser Stelle fiir die technische Ausfiih- 
rung aufriehtiger Dank ausgesproehen. 

R.  ~TUKOVSKY 

Endokrinologi. sches Insti tut  der SlowaMschen Akademie 
der Wissenschaften, Bratislava ( Tschechoslowakei), 22 .Au-  
gust 1958. 

S u m m a r y  

A n o m o g r a p h  is p resen ted ,  w h i c h  g ives  (accord ing  to  
FISHER'S fo rmula )  t h e  pooled p robab i l i t i e s  for the  com- 
b i n a t i o n  of two,  three ,  a n d  four  i n d e p e n d e n t  e x p e r i m e n t s  
respec t ive ly .  

P R O  E X P E R I M E N T I S  

A M e t h o d  for the  S e p a r a t i o n  
a n d  E s t i m a t i o n  of Catecho l  A m i n e s  in  U r i n e  

Adrena l ine ,  n o r a d r e n a l i n e ,  a n d  a t h i r d  c a t e c h o l a m i n e ,  
n a m e l y ,  h y d r o x y t y r a m i n e  are  c o n s t i t u e n t s  of n o r m a l  
u r inO-~ .  V4hile biological  m e t h o d s  a re  ava i l ab le  for de-  
t e r m i n a t i o n  of c a t e c h o l a m i n e s  in  b lood  a n d  ur ine ,  these  
m e t h o d s  h a v e  obv ious  l i m i t a t i ons  for  r o u t i n e  work  a n d  
can  on ly  be e m p l o y e d  for t he  d e t e r m i n a t i o n  of t h e  p h a r -  
maco log ica l ly  ac t ive  h o r m o n e s ,  a d r e n a l i n e  a n d  n o r a d r e n -  
a l ine.  A d i f fe ren t ia l  f iuo romet r i c  m e t h o d  4 h a s  b e e n  used  
in t he  p a s t  for  d e t e r m i n a t i o n  of all t h r e e  ea t echo lamines .  
I n  t h i s  m e t h o d  t h e  c a t e c h o l a m i n e s  a re  e s t i m a t e d  b y  a 
c o m b i n a t i o n  of t h e  f iuo romet r i c  m e t h o d s  of WEIL- 
MALHERBE a n d  BONE ~ a n d  of VON EULER and FLODING 6. 
Tile fo rmer  m e t h o d  e s t i m a t e s  the  s um  of t he  t h r ee  ca te-  
cho lamines .  A d r e n a l i n e  a n d  n o r a d r e n a l i n e  are e s t i m a t e d  
s e p a r a t e l y  b y  t h e  l a t t e r ,  a n d  h y d r o x y t y r a m i n e  is ob-  
t a i n e d  b y  t h e  d i f ference  in  r e su l t s  b e t w e e n  t h e  t w o  m e t h -  
ods.  

I t  s e e m e d  des i rab le  to  deve lop  a m e t h o d  for s i m u l t a n e -  
ous  e s t i m a t i o n  of all t h r e e  ca t echo lamines .  I n  p rev ious  
e x p e r i m e n t s  ~,s i t  was  s h o w n  t h a t  i t  is possible  to  ace ty -  
la te  c a t e c h o l a m i n e s  q u a n t i t a t i v e l y  in b iological  t i ssue  and, 
ur ine .  These  a c e t y l a t e d  d e r i v a t i v e s  of ad rena l ine ,  nor-  
ad rena l ine ,  a n d  h y d r o x y t y r a m i n e  h a v e  b e e n  s h o w n  to  be  
s tab le ,  whe reas  t h e  free c o m p o u n d s  a re  k n o w n  for  t h e i r  
in s t ab i l i ty .  I n  t h e  p rocedu re  desc r ibed  be low we ace ty l -  
a t ed  the  c a t e c h o l a m i n e s  in u r ine  a n d  s e p a r a t e d  t he  ace ty l -  
a t ed  d e r i v a t i v e s  b y  p a p e r  c h r o m a t o g r a p h y .  

Ur ine  samples  were ac id i f ied  to  p H  2 a n d  h y d r o l y z e d  
b y  re f lux ing  a t  100°C for  30 min .  Af te r  cool ing to  r o o m  
t e m p e r a t u r e ,  t h e  u r ine  s a m p l e  was  e x t r a c t e d  four  t imes  
w i t h  a n  equa l  v o l u m e  of e t h y l a c e t a t e .  T h e  o rgan ic  p h a s e  
c o n t a i n e d  all  t h e  acidic  ca techo l s  w h i c h  cou ld  in te r fe re  
w i th  t he  s e p a r a t i o n  of t h e  ca t echo l  amines .  T h e  aqueous  
ur ine  e x t r a c t  was  a d j u s t e d  to  p H  4 b y  a d d i n g  0.5 n N a O H  
while  s t i r r ing.  The  ca techo l  a m i n e s  in  t he  e x t r a c t  were 
a c e t y l a t e d  b y  a d d i n g  5 g N a H C O  3 a n d  2.5 cm ~ acet ic  an-  
h y d r i d e  in four  equa l  p o r t i o n s  w i t h  c o n s t a n t  s t i r r ing  un t i l  

P, HOLTZ et al., Arch. exp. Path. Pharmakol. 200, 13,56 (194o~). 
U. S. YON EULER e~ al., Biochem. J. 49, 655 (1951). 
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Table [ 
Comparison of Rf Values obtained after Paper Chromatography of 

Free Catechol Amines and their Triacetate Derivatives 

Catecholamine 

Noradrenal ine 
Adrenal ine 
Hydroxytyramine  

Ry Values 

Free Triacetate 
Compound* 

0.15 
0 .28 
0.33 

Derivative** 

0.12 
0.50 
0.82 

* Solvent System: Phenol]HC1. 
** Solvent System: Toluene: ethyl acetate: methyl alcohol. 

f oaming  ceased.  M e t h y l e n e  ch lor ide  (50 ml) was  a d d e d  
a n d  s t i r r ing  was c o n t i n u e d  for a n o t h e r  10 min.  The  m i x t u r e  
was t r a n s f e r r e d  to a s e p a r a t o r y  funne l  a n d  t h e  o rgan ic  
p h a s e  r emoved .  The  w a t e r  was  e x t r a c t e d  t h r e e  t imes  w i t h  
50 m l  of m e t h y l e n e  ch lor ide  a n d  t he  c o m b i n e d  m e t h y l e n e  
ch lor ide  e x t r a c t s  were  c o u n t e r  w a s h e d  w i t h  50 ml  of 
w a t e r  f i l tered t h r o u g h  Na~SO4 a n d  e v a p o r a t e d  in  a v a c u -  
um.  T h e  d r y  e x t r a c t  was  d isso lved  in  0.5 ml  of m e t h y l  
a lcohol  a n d  app l ied  to  W h a t m a n  No. t p a p e r  for  c h r o m -  
a t o g r a p h i c  s e p a r a t i o n  in t h e  B u s h  s y s t e m  'C' ~ us ing  as 
so lven t s :  to luene ,  e t h y l  ace ta t e ,  m e t h y l  alcohol,  a n d  w a t e r  
in  t he  r a t io  1 0 : 1 : 5 : 5 .  

Ascend ing  c h r o m a t o g r a m s  were  deve loped  a f t e r  24 h.  
The  con t ro l  a rea ,  w h i c h  c o n t a i n e d  100 y of a d r e n a l i n e  
ace t a t e ,  n o r a d r e n a l i n e  ace t a t e ,  a n d  h y d r o x y t y r a m i n e  
ace ta t e ,  was  deve loped  b y  s p r a y i n g  f i rs t  w i t h  10% K O H  
in M e O H : H ~ O  (1:1) a n d  t h e n  w i t h  a f resh ly  p r e p a r e d  
m i x t u r e  of 1% FeCla a n d  2 %  IqaFe(CN)~. A d r e n a l i n e  
ace t a t e ,  n o r a d r e n a l i n e  ace ta t e ,  a n d  h y d r o x y t y r a m i n e  
a c e t a t e  were  a s sumed  to  be  oppos i t e  t h e i r  con t ro l  spots .  
These  a reas  were  c u t  o u t  a n d  a m i x t u r e  of e t h y l e n e d i a -  
m ine  a n d  e t h y l e n e d i a m i n e  h y d r o c h l o r i d e  was  a d d e d  to 
c o r r e s p o n d i n g  p a p e r  s t r ips .  A one  s t ep  r eac t i on  was car-  
r ied ou t  b y  s h a k i n g  a n d  h e a t i n g  th i s  m i x t u r e  a t  50°C, 
r e su l t i ng  in  hyd ro lys i s  of t h e  ace t a t e  d e r i v a t i v e  a n d  con-  
d e n s a t i o n  of t h e  f lee  c o m p o u n d  w i t h  e t h y l e n e d i a m i n e .  
Tile f luo rescen t  c o n d e n s a t i o n  p r o d u c t  was  e x t r a c t e d  in to  
i s o b u t a n o l  a n d  a q u a n t i t a t i v e  f i uo rome t r i c  d e t e r m i n a t i o n  
u s ing  t h e  XA~rEIL-MALHERBE s m e t h o d  was  ca r r i ed  out .  

A c o m p a r i s o n  of t h e  R I va lues  (see T a b l e  I), o b t a i n e d  
f rom p a p e r  c h r o m a t o g r a p h y  s e p a r a t i o n  of t h e  a c e t y l a t e d  
c a t e c h o l a m i n e  d e r i v a t i v e s  a n d  t h e  free c o m p o u n d s ,  shows 
t h a t  a n  ef fec t ive  s e p a r a t i o n  c a n  be  ca r r i ed  o u t  b y  t h e  use 
of t h i s  m e t h o d .  A n o t h e r  a d v a n t a g e  of t he  m e t h o d  is the  
e l i m i n a t i o n  of t h e  a d s o r p t i o n  of t he  c a t e c h o l a m i n e s  on  
a l u m i n a .  A d s o r p t i o n  on  a l u m i n a ,  w h i c h  was  a n  essent iM 
s tep  in  p r ev ious  procedure.~, is k n o w n  to  be  o n l y  a 
s e m i - q u a n t i t a t i v e  ope ra t ion .  

A p r e l i m i n a r y  s t u d y  of t h e  a c e t y l a t i o n  m e t h o d  for the  
s e p a r a t i o n  a n d  d e t e r m i n a t i o n  of c a t e c h o l a m i n e s  ha s  been  
c o m p l e t e d  on  t he  u r ines  of t en  p s y c h i a t r i c  p a t i e n t s  w i th  
va r i ous  d iagnoses  who  were rece iv ing  d i f f e ren t  t r ea t -  
men t s .  T h e  re su l t s  (see T a b l e  I I )  d e m o n s t r a t e  a wide 
i n t e r - s u b j e c t  v a r i a b i l i t y  a m o n g  t h e  p s y c h i a t r i c  p a t i e n t s  
s tud ied .  Values  o b t a i n e d  b y  th i s  m e t h o d  are  h i g h e r  t h a n  
t hose  o b t a i n e d  b y  b ioas say  ~° or b y  specific f luoromet r i e  
me thods% Th i s  m a y  be  t h e  resu l t  of t h e  e l i m i n a t i o n  of 
a l u m i n a  a d s o r p t i o n  or m a y  occur  because  of non-specif i -  
c i t y  of t he  c o n d e n s a t i o n  w i t h  e t h y l e n e d i a m i n e .  

1. E. BUSH, I~iochem. J. 50, 370 (1951). 
a0 U. S. yon E~JL~R, Acta physiol, scand. 19, 207 (1949). 
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Table II 
Excretion of Noradrenaline, Adrenaline, and Hydroxytyramine in 

Various Psychiatric Patients 

Adrenaline Hydroxytyranfine 
Subject ([xg/100 mg (~g/100 mg 

creatinine} creatiuine) 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 

Noradrenaline 
(ixg/100 rag 
creatinine) 

I 2-80 0.60 
4.90 1.10 
2.20 0.30 

] 1.90 0.50 
[ 2-45 0-38 

7-90 1-32 
I 6.85 0.95 

8-00 1-67 
6.25 1-50 
4-10 0.02 

39.00 
28.90 
24.50 
26.00 
24.80 
39.30 
31.00 
46.00 
52.50 
36.00 

F u r t h e r  specif ici ty can be obta ined  by using a double- 
label technique.  Urine  ex t rac t s  can be acetylated with 
t r i t ium labeled acetic anhydr ide  to conver t  adrenaline, 
noradrenal ine ,  and h y d r o x y t y r a m i n e  quan t i t a t ive ly  to the 
t r i t ium labeled t r iaceta te .  A measured amount  of authen- 
tic t r i ace ta te  adrenal ine-C ~4, t r iace ta te  noradrenaline-C 14, 
and t r i ace ta te  hyd roxy ty r amine -C  ~4 is added to each 
sample  and the  double  labeled catecholamines are iden- 

tiffed and purified by  paper  chromatography.  Tile t r i t ium 
and carbon 14 conten t  of the purified catecholamines  is 
assayed by simultaneous count ing in a l iquid scinti l lat ion 
spectrometer.  The amoun t  of adrenaline,  noradrenal ine,  
and hydroxy ty ramine  in the original ex t rac t  can be cal- 
culated from the de terminat ion  of the amoun t  of carbon ~4 
indicator  lost during the purification, the yield of  t r i t ium 
radioact ivi ty ,  and the  specific ac t iv i ty  of the  t r i t i um 
labeled acetic anhydride.  

M. GOLDSTEIN, A, J .  FRIEDHOFF, 
and C. SIMMONS 

New York University College o/ Medicine, Department 
o/ Psychiatry and Neurology, Psychopharmacology Re- 
search Unit, New York, November 3, 1958. 

Zusammen[assung 

Es wird eine neue Methode zur Bes t immung  der  Kate-  
cholamine im Harn beschriebcn. Die Katecholamine  wer- 
den im Harn acetyt ier t  und die Acetyklcr iva te  papier-  
chromatographisch im Bush-~,C~-System getrennt .  Nach 
erfolgter Trennung werden die einzelnen Katecholamine  
mi t  ]kthylendiamin kondensiert  und fluorimetrisch unter-  
sucht. Eine Spezifiti t tserhShung tler Methode d u t c h  An- 
wendung doppelt  markier ter  Isotopen wird in Be t rach t  
gezogen. 

I n f o r m a t i o n s  - I n f o r m a t i o n e n  - I n f o r m a z i o n i  - N o t e s  

T H E O R I A  

T h e r m a l  P o l y m e r i z a t i o n  of A m i n o  Acids  
a n d  a T h e o r y  of B i o c h e m i c a l  O r i g i n s  ~ 

By S.W.Fox, KAoRre HARADA, and  A. VEGOTSKY 2 

The  possibi l i ty  of synthesiz ing pept ides  and perhaps 
prote in  ( F o x  and MIDnLEBROOK a) by simple heat ing of 
unsubs t i tu ted  amino  acids is one which has not  been 
favored  by  chemical  exper ience (KATCHALSKI 4, NOGUCHI 
and HAYAKAWA B, CURPHEY 6, MEGGY 7, BAMFORD, EL- 
LIOTT, and HANBYS). W h e n  this goal was approached as 
a theore t ica l  p rob lem in prebiologieal  molecular  evolution, 
i t  became possible to visualize how the  energetic barrier 
for the  synthesis  of pro te in  could be overcome thermal ly  

i Presented at a symposium on Biochemical Origins at the 
133 rd meeting of the American Chemical Society, San Francisco, 
April 17 1958. The research has been aided by Grant C41971 of 
the National Institutes of Health, U.S. Public Health Service, 
Grant G-4566 of the National Science Foundation, and by the 
General Foods Corporation. Coritribution No. 109 of the Oceano- 
graphic Institute of The Florida State Univepsity. 

The Oceanographic Institute and Department of Chemistry of 
The Florida State University, Tallahassee. 

8 S. W. Fox and M. MIDDLEBROOK, Fed. Prec. 13, ~11 (195,1). 
E. KATCUALSKL Adv. Protein Chem. 6, 123 (1951). 
J. NoGucm and T. HAYAKAWA, J. Amer. chem. Soc. 7G ~846 

(1954). 
n E. G. CURPHEV, Chem. & Ind. t956, 783. 
7 A. B. MEaGv, J. them. See. 1956, 1444. 
8 C. H. BAMFORD, A. ELLIOTT, and W. E. HANBY, Synthetic Poly- 

peplides (Academic Press, New York 1956). 

(Fox,  J OItNSON, and VI,:GOTSKY ' ) ,  and how precise order- 
ing of residues might  result  from selective influences of 
the reactant  amino acids themselves (FoxX°). The e x p . r -  
im" nts which have  resulted indicate t ha t  it is possible to 
prepare copolymeric  pept ides  thermal ly  if aspart ic  acid 
or glutamic acid is it reactant .  I t  is fur thermore  possible, 
by using a considerable molar  excess of both  aspart ic  acid 
and glutamic acid, to copolymerize the  eighteen c o m m o n  
amino acids into a proteinoid which, af ter  being hydro-  
lyzed, reveals on paper  ch romatography  the same qual i -  
t a t ive  composit ion as casein and o t h : r  proteins. 

In  considering this knowledge indetai l ,  a t t en t ion  should 
first be focussed on the chemist ry  of each of the dicarbo-  
xylic amino acids. I t  has long been known tha t  bea t ing  
glutamic acid alone yiehls the inner lactam, pyrrol idone- 
carboxylic acid (pyroglutamic ackl). In  this research it  
has been learned tha t  heat ing g lu tamic  acid with each of 
a number  of o ther  amino acids produces a copolymeric  
linear peptide when the tempera ture  of react ion is 170°C 
for 3 h (HAtlAt)a and F o x n ) .  The polymer  of g lu tamic  
acid and glycine has a mean  chain weight  of 10,000 to 
20,000 af ter  dialysis, l )uring such reactions, the  g lutamic  
acid is conver ted to pyroglutamic  acid which is mol ten  
in the presence of o ther  materials  at  170°C, and f lmctions 
therefore as a solvent.  The glutamic acid and pyroglu ta-  
mic acid probably contr ibute  also as acid catalysts .  In  
addition, compara t ive  yiehls suggest tha t  the  pyroglu-  
tamic  acid is the more react ive species. 

S. W. Fox, J. E. Jonr~so.~, aud A. Vt.mOTSKV, Science 124, 923 

lo S. \V. Fox, Amer. Scientist 44, 3.IT (I956). 
n K. HARADA and S.W. Fox, J. Amer. ehcm. Soc. so, ~69.t 

(1,35s). 
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