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(pyruvate kinase) is decreased after birth. I t  must be 
pointed out  in this connection tha t  WEBER'S hypothesis 
of the genetic control of key glycolytic enzymes does not  
hold in the case of pyruvate  kinase, since act ivi ty  of this 
enzyme is high before birth. Hence i t  is unlikely tha t  
glucokinase, phosphofructokinase and pyruvatkinase are 
all controlled by the same gene. 

The low act ivi ty of glycerol kinase in the livers of fetal 
and new-born rats explains our previous finding tha t  
glycerol is a poor precursor of liver glycogen in very 
young rats L 

Zusammen/assung. Es wird gezeigt, dass in der Leber 
die Akt iv i ta t  der PEP-Kinase  und tier Glycerolkinase 

nachgeburtlich ansteigt. Im braunen Fettgewebe f~tllt die 
l~EP-Kinaseaktivit~t naeh dem 40. Tag ab. Sie fehlt im 
weissen Fettgewebe. Die Pyruvatkinaseaktivi t l i t  fltllt in 
der Leber nach der Geburt ab, w~ihrend sie im braunen 
Fettgewebe ansteigt. 
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I n h i b i t i o n  of T y r o s i n e  D e g r a d a t i o n  in v i v o  b y  the  

NSD-1034 (N-methyl-N- (3-hydroxybenzyl) hydrazine 
dihydrogen phosphate) x belongs to the most potent inhibi- 
tots of the aromatic L-amino acid decarboxylase ~-~. I t  al- 
most completely inhibits the decarboxylation of dopa but  
does not  influence hydroxylation of tyrosine. NSD-1034 
was therefore used in demonstrating dopa formation in 
vitro ~,~ and in our own experiments in vivoS, L Besides 
this we found tha t  tyrosine catabolism is extensively in- 
hibited by, this substance. 

Experiments  were performed with 4 cocks (weight 
approx. 1 kg) and 6 cats (weight 1.6-3.2 kg). The animals 
were injected i.p. (cock) or i.v. (cat) with NSD-1034 
(100 mg/kg), which was dissolved in 2 ml 0.9% NaCl-solu- 
tion. 20 rain later 50 mc/kg H~-3,5-L-tyrosine (spec. 
ac t iv i ty  > t5,000 mc/mMole, dissolved in 10 ml saline) 
was injected i.v. The radioactive tyrosine was synthetized 
according to BIRKOFER and HEMPEL l°. 20--30 rain after 
administration of the labelled tyrosine the animals were 
sacrificed and varibus organs (suprarenals, brain stem, 
cortex, heart, liver and blood) were removed. In addition, 
samples of venou~ blood were taken a t  different t imes 
after H~-tyrosine injection. The cocks were anaesthetized 
with urethane (1 g/kg), the cats with ether. The controls 
were injected with HS-tyrosine only. 

The compounds soluble in 10% trichloroacetic acid 
(= acid-soluble fraction) were isolated and fractionated. 
In the following tex t  the main steps of fractionation are 
summarized; details of the method are given elsewhereL 
Firstly by extraction with ethyl acetate, compounds solu- 
ble in the organic phase were removed (ester fraction). 
Presumably this fraction included catabolites of H a- 
tyrosine, such as p-OH-phenylpyruvic acid and homogent- 
isic acid. No a t tempt  was made £o identify the individual 
compounds in this mixture. By evaporation to dryness 
the aqueous phase was divided into volatile (volatile 
fraction) and non-volatile compounds (non-volatile frac- 
tion). The volatile fraction consisted above all of water, 
including tr i t iated water derived from tyrosine catabolism. 
The non-volatile fraction contained nearly all H*-tyrosine 
present in the original acid-soluble fraction and HS-ty - 
rosine metabolites, such as catechotamines, aspartic, 
glutamic and y-aminobutyric acid. The compounds of the 
non-volatile fraction were separated by paper high voltage 
electrophoresis. Radioact ivi ty  was measured by liquid 
scintillation countingL 

Figure 1 demonstrates the radioact ivi ty of Ha-tyrosine 
degradation products in the acid-solublc fraction from 
venous blood at  different times after i.v. injection of radio- 
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active tyrosine. The total radioactivi ty of the acid soluble 
fraction was taken as 100%. There was no measurable 
difference in the total  radioact ivi ty of this fraction be- 
tween untreated and NSD-1034 treated animals up to 30 
rain after HZ-tyrosine injection. At the end of the experi- 
ments, in untreated animals the major part  of the radio- 
act ivi ty  (90%) was represented in the form of products 
from tyrosine catabolism, above all t r i t ia ted water;  only 
small amounts  of these compounds (20%) were formed 
after NSD-1034 treatment .  

Figure 2 shows the radioactive compounds of the non- 
volatile fraction, which are formed in the brain of cat 
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Fig. 1. Radioactivity of aU H~-tyrosine degradation products present 
in the acid-soluble fraction of venous blood (cat) after i.v. injection of 

3 H~-3, 5-L-tyrosine. The totalradioactivity of the acid-soluble fraction 
was taken as 100%. 

x NSD-1034 was kindly donated by Smith & Nephew Research Ltd., 
HarloW (England). 
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dur ing  the 20 rain following the  admin i s t r a t ion  of labelled 
tyrosine,  Besides H~-tyrosine rad ioac t ive  glutamic,  as- 
part ic,  7 -aminobu ty r i c  acid and ca techotamines  could be 
isolated in un t r ea t ed  animals.  Af t e r  N SD-1034 t r ea tmen t ,  
a lmos t  t h e  t o t a l  a m o u n t  of r ad ioac t iv i ty  is p resen t  as 
tyrosine.  The  metabo l i t es  which  could be observed  in un-  
t r ea ted  animals  are  no longer  detectable .  S imi lar  resul ts  
were  ob ta ined  wi th  t he  o the r  organs inves t iga ted .  

F igure  3 compares  the  HZ-tyrosine con t en t  in supra- 
renals,  b ra in  s tem and venous  blood,  which  is marked ly  
e leva ted  af ter  NSD-1034 t r ea t emen t .  The  values  repor ted  
for cats are h igher  t h a n  those for cocks. In  studies wi th  
cats concerning ano the r  goal, blood vessels were l igatured.  
This  procedure  decreased the  vo lume  of c i rcula t ing blood 
and m a y  be  the  reason for t he  genera l ly  e leva ted  I-I s- 
tyros ine  concen t ra t ion  in cats.  
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Fig. 2. Radioactive compounds in the non-volatile fraction of brain 
(cat), 20 rain after i.v. injection of Ha-tyrosine. Paper high voltage 
electrophoretogram. Buffer: pyridinc/acetic acid glacial/water (2 : 1 : 47 
v/v), pH 5,1, 40 V/cm, --8°C, 180 rain. Paper: SS 2043 bMgl. 
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Fig. 3. I-ia*tyrosine content in various organs 20 re.in after i.v. H 3- 
tyrosine injection (I00 mc/kg), without and after NSD-1034 treat- 
ment (100 mg/kg, 20 rain before HS-tyrosine administration): 

H~-3,5-L-tyrosine degrada t ion  is in i t ia ted  by  t rans-  
amina t ion  to H~-3 ,5 -p -OH-pheny lpyruv ic  acid, which is 
t ransformed to H~-4,6-homogent is ic  acid. F ina l ly  two 
C-4-units are  formed:  H3-2-fumaric acid and H3-4-aceto - 
acetic acid. These  compounds  are  metabo l ized  th rough  
the  c i t r a t e  cycle  leading to  t r i t i a ted  water .  Also H 8- 
aspart ic,  H3-glu tamic  and H*-y-aminobutyr ic  acid  (Fi- 
gure 2) m a y  be  syn the t ized  th rough  this  pa thway .  I n  ani- 
mals  t r ea ted  wi th  NSD-1034 the  r ad ioac t iv i ty  of all  these 
substances, specified above,  which were present  in the  
di f ferent  fractions,  was marked ly  reduced (Figure 1) or 
no t  de tec tab le  (Figure 2). These results  demons t r a t e  t h a t  
tyros ine  degrada t ion  is a lmos t  comple te ly  inhibi ted by  
NSD-1034.  This  m a y  be the  reason for the  e leva ted  H ~- 
tyros ine  concen t ra t ion  in t rea ted  animals  (Figure 3). 

In  t he  fol lowing i t  will be  discussed which  enzymes  are  
inf luenced by NSD-1034.  The  absence of labelled catechol-  
amines  (Figure 2) is expla ined by  the  well  known blocking 
act ion of NSD-1034 on a romat i c  L-amino acid decarb-  
oxylase  (dopa decarboxylase) ,  a fac t  which could repea ted ly  
be demons t r a t ed  ~,4,~,9. The  absence of the  o ther  H~-ty - 
rosine metabol i tes  (Figure 2) cannot  be expla ined by  this 
mechanism,  because the  a romat ic  L-amino acid decarb-  
oxylase  has  only  low enzymat ic  ac t i v i t y  for tyros ine  ~ and 
has no significance for tyros ine  ca tabol i sm according to  
exper iments  wi th  labelled tyros ine  1~,1a. On  the  o ther  
hand,  the  inh ib i to ry  effect  of NSD-1034 can  be unders tood  
by  an ac t ion  on L-tyrosine t ransaminase .  This  m a y  be 
possible because py r idoxa lphospha te  is coenzyme of aro- 
ma t i c  L-amino acid decarboxylase  and of e - tyros ine  t rans-  
aminase.  NSD-1034  p robab ly  reacts  wi th  pyr idoxalphos-  
pha te  by  a ldehyde  t rapping,  because i t  is a hydraz ine  
der iva t ive  z4. I t  is of in teres t  to note  t h a t  ano the r  hy-  
drazine de r iva t ive  MK-485 (De-~-hydrazino-=-methyl-3,  4- 
d ihydroxypheny lp rop ion ic  acid), which belongs to  t he  
mos t  po t en t  dopa  decarboxylase  inhibi tors ,  has  blocking 
act ion on tyros ine  catabol ism,  also 1~. Therefore  i t  can be 
assumed t h a t  NSD-1034 m a y  also inhib i t  o ther  enzymat ic  
steps if t h e y  requi re  py r idoxa lphospha te  as coenzyme,  
and t h a t  i t  could h a v e  a mul t ip le  inh ib i to ry  effect  ~6. 

Zusammen/assung. Der  Stoffwechsel  von  H~-3,5-L- 
Tyros in  wurde  in  m i t  NSD-1034  ( t00 mg/kg)  vorbehan-  
del ten  Versuchs t ie ren  (H~ihnchen, Katzen)  untersucht .  
Als Folge  des du t ch  NSD-1034 s tark  g e h e m m t e n  Abbaus  
en t s t anden  w~ihrend der  Versuchszei t  (ca. 20 rain) nahezu 
ke in  Tr i t iumwasser  und keine a romat i schen  Abbaupro -  
dukte .  Auch  die sonst  zu beobach tenden  r a d i o a k t i v e n  
Metabol i te  des H~-Tyrosins (Glutamin-  und  Asparagin-  
s~ure, Dopamin  und Noradrenal in)  waren  nicht  nachweis-  
bar. Ausserdem war  der  Geha l t  an  HS-Tyrosin in Organen  
behande l t e r  Tiere  hOher als in Kont ro l len .  

K.  HEMPEL and H . F . K .  MXNNI. 

tnstitu~ [i4r Med. Strahlenkunde 
der Universitiit, 87 Wiirzburg (Germany), 
76. November 1967. 

11 W, LOVENBERG, H. WEISSBAC~I and S, UDENFRIEND, J. biol. Chem. 
237, 89 (1962). 

1= C. M, WILLIAMS and A.A.BABUSClO, I3iochim. biophys. Acta, 47, 
393 (1961). 

13 K.HEMPEL and H.F.K.MXNNL, Naunyn-Schmiedebergs Arch. 
Pharmak. exp. Path. 2'dr, 448 (1966). 

14 A. I)LETSCtIER, K.F.  GEY and P. ZELLER, Fortschr. Arzneimitt.- 
Forseh. 2, 467 (1960). 

is j.F.MoRAN and T.L. SOORKES, J. Pharmae. exp. Ther. 148, 232 
(1965). 

16 This investigation was supported by the Deutsche Forschungs- 
gemeinschaft. 


