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F igure  2 shows t he  a c t i v i t y  of e n z y m e  P N M T  in t he  
ad rena l s  of foetal  a n d  new-bo rn  rabb i t s .  T he  r a t e  of 
m e t h y l a t i o n  of n o r a d r e n a l i n e  to  ad rena l ine  was  v e r y  
h igh  in t h e  foe ta l  ad rena l s  of 25 days.  Th i s  va lue  dec l ined  
b y  37% in  foetuses  of 28 days  ( P  < 0.001). A t  t h e  age of 
30 days,  t he  foeta l  ad rena l s  h a d  t he  same  level  of P N M T  
a c t i v i t y  as a t  28 days.  A t  31 days  an  increase  of 64% f rom 
t h a t  of 30 days  occur red  ( P  < 0.001). A t  t he  t i m e  of 
pa r tu r i t i on ,  t he  m e t h y l a t i o n  of n o r a d r e n a l i n e  to  adren-  
al ine was a t  t he  lowest  level  c o m p a r e d  to  all  t h e  va lues  
t h r o u g h o u t  t he  d e t e r m i n a t i o n  per iod  ( P  < 0.001). A t  
few hour s  pos t  p a r t u r i t i o n ,  t he  e n z y m e  a c t i v i t y  showed  
nea r ly  3-fold increase  f rom t h a t  a t  p a r t u r i t i o n .  

Discussion. The  ac t ive  syn thes i s  of ad rena l ine  b y  
foetal  ad rena l s  and  p a r a g a n g l i a  (ex t ra  ad r ena l  c h r o m a f f i n  
t issue) du r ing  las t  t e r m  of p r e g n a n c y  in r a b b i t s  was  shown  
b y  BRUNDIN et  al. 2~,28 T he  resul t s  of t he  p r e s en t  in- 
ve s t i ga t i on  ind ica t e  m a r k e d  v a r i a t i o n s  in t he  release of 
ad rena l ine  a n d  n o r a d r e n a l i n e  in p l a s m a  of foeta l  a n d  
n e w - b o r n  rabb i t s .  The  d e t e r m i n a t i o n  of p l a s m a  n o r a d r e n -  
al ine and  a c t i v i t y  of e n z y m e  P N M T  in t he  ad rena l s  shows 
t h a t  t h e  release of b o t h  ad rena l ine  a n d  n o r a d r e n a l i n e  in 
t h e  b lood  was d i rec t ly  af fected b y  changes  in n o r a d r e n a l i n e  
m e t h y l a t i o n  to  adrena l ine .  P rev ious  s t u d y  has  conf i rmed  
t h a t  m o s t  of t he  ad rena l ine  in c i rcu la t ion  is t h e  p r o d u c t  
of a d r e n o m e d u l l a r y  secre t ion 29. T he  modi f i ca t ions  in 
c a t e c h o l a m i n e  release in b lood and  a l t e red  p a t t e r n  of 
P N M T  a c t i v i t y  could be  a t t r i b u t e d  to  changes  in concen-  
t r a t i o n  of cor t icos tero ids  a~ wh ich  are essent ia l  for 
i n d u c t i o n  of e n z y m e  P N M T  33. I t  was  r epo r t ed  t h a t  

h y p o p h y s e c t o m y  in an ima l s  caused  a r e d u c t i o n  in 
ad rena l  c o n t e n t  of ad rena l ine  a n d  P N M T  a c t i v i t y  a~. 
S imi la r  effects were also conf i rmed  in t h e  foetus  ~4,~. 
The  r e d u c t i o n  in b o t h  PNlVIT a c t i v i t y  a n d  ad rena l ine  
c o n t e n t  of ad rena l s  of h y p o p h y s e c t o m i z e d  an ima l s  
could be  p r e v e n t e d  a f t e r  p r e t r e a t m e n t  w i t h  cort ico-  
s te ro ids  "~,aS. I t  was  also shown  t h a t  release of ca techol-  
amines  in  the  c i rcu la t ion  could also be g rea t ly  af fected b y  
c h a n g i n g  t he  c o n c e n t r a t i o n  of cort icosteroids"6,3L I n  
t he  ad rena l  medul la ,  h i g h  c o n c e n t r a t i o n s  of cor t icos te ro id  
h o r m o n e s  are suppl ied  v ia  t h e  d i rec t  vascu la r  connec t ions  
which  h a v e  been  found  be tween  t h e  cor tex  a n d  medu l l a  as. 
Therefore  a n y  change  in cor t icos te ro id  level  will  d i rec t ly  
inf luence  c a t e c h o l a m i n e  b iosyn thes i s  a n d  release. The  
de ta i l ed  s t u d y  a b o u t  fac tors  a f fec t ing  release of ca techol-  
amines  f rom ad rena l  medu l l a  u n d e r  d i f fe ren t  phys io logica l  
cond i t ions  is ex tens ive ly  s tud ied  in t he  foetus  b y  COMLINE 
et  al. 10, ~2 

I t  is conc luded  t h a t  t h e  changes  in ad rena l ine  a n d  
n o r a d r e n a l i n e  in p l a s m a  obse rved  in foetus  and  new-bo rn  
r a b b i t s  are i nduced  d i rec t ly  b y  ra t e  of ad rena l ine  m e t h y l a -  
t ion  f rom norad rena l ine .  

Zusammen/assung. Die P tasmasp iege l  yon  Adrena l i n  
u n d  N o r a d r e n a l i n  bet  K a n i n c h e n - F o e t e n  u n d  neuge-  
bo renen  K a n i n c h e n  wurde  einige Tage vor  B e e n d i g u n g  
der  Schwange r scha f t  sowie u n m i t t e l b a r  p o s t p a r t a l  
b e s t i m m t .  Die R e s u l t a t e  zeigten,  dass  die ve r sch i edenen  
P l a s m a - C a t e c h o l a m i n w e r t e  auf  den  Me tabo l i smus  der  
C a t e c h o l a m i n - S y n t h e s e  zur i ickzuf i ihren  stud. 
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Fig. 2. Activity of enzyme phenylethanolamine-N-methyl transferase 
(PNMT) in adrenals of new-horn and foetal rabbits. 25, 28, 30, 31 
(days of pregnancy). P (parturition), XhP (4-8 h post parturition). 
All the groups contained at least 20 foetuses or new-born animais. 
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C r e a t i n i n e :  A P r e c u r s o r  of  M e t h y l g u a n i d i n e  

We h a v e  p rev ious ly  d e m o n s t r a t e d  1 that se rum and 
u r i n a r y  levels  of mef ihy lguan id ine  (MG) are  increased  in 
uremia .  Chronic  a d m i n i s t r a t i o n  of th i s  s u b s t a n c e  p roduces  
a n  uremic- l ike  s y n d r o m e  in dogs 2 ra i s ing  t he  poss ib i l i ty  
t h a t  MG is respons ib le  for  m a n y  of the  m a n i f e s t a t i o n s  of 
chronic  rena l  insuff iciency.  T he  p r e s en t  i nves t i ga t i on  was 
des igned to  s t u d y  t he  me tabo l i c  p a t h w a y  for t h e  syn thes i s  
of MG in t he  ra t .  I n  t he  p r e s en t  c o m m u n i c a t i o n  we h a v e  

found  t h a t  c rea t in ine ,  for a long  t i m e  be l ieved  to be  
me tabo l i ca l l y  i ne r t  3 is a p recurso r  of MG. 

MG was d e t e r m i n e d  b y  ion exchange  c o l u m n  c h r o m a t o -  
g r a p h y  1 and  a mod i f i ca t ion  of t he  VOGES-PROSKAUER 
reac t ion  ~. The  biogenesis  of MG was f i rs t  s tud ied  b y  
d e t e r m i n i n g  i ts  u r i n a r y  excre t ion  in an ima l s  g iven  
un labe l l ed  p o t e n t i a l  precursors .  Sp rague -Dawley  rats ,  
weighing  be tween  150 a n d  300 g, were in jec ted  i.p. w i t h  
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5 ml  of 0.5 M arginine ,  u rea  a n d  crea t in ine .  T he  an ima l s  
were housed  in me tabo l i c  cages and  a 24-h spec imen  of 
u r ine  was collected.  Next ,  t hese  an ima l s  rece ived  15 tzCi 
of label led  p o t e n t i a l  p recursors  of MG i.p. Urea  ~aC, S.A. 
30-45 mCi/mM, arg in ine  (guanido 14C) S.A, 30-45 m C i / m M ,  
guan id ine  laC S.A. 35-45 mCi/mM, c rea t in ine  14C (car- 
bonyl)  S.A. 5-15 m C i / m M  a n d  c rea t ine  14C, S.A. 5-15 mCi/  
m M  were o b t a i n e d  f rom Schwarz /Mann ,  Orangeburg ,  
New York.  Crea t in ine  ~aCHa was p u r c h a s e d  f rom Mal-  
l i nck rod t  Nuclear ,  St. Louis,  Mo, Af te r  c h r o m a t o g r a p h y  of 
t he  ur ine  t he  r a d i o a c t i v i t y  of t he  d i f fe rent  f rac t ions  was 
d e t e r m i n e d  b y  dissolving 1 m l  of t he  e f f luen t  in  10 nfl of 
]3ray 's  so lu t ion  and  coun t ing  for 10 ra in  in a l iqu id  
sc in t i l l a t ion  spec t romete r ,  

The  role of ga s t ro in t e s t i na l  b a c t e r i a  in t he  f o r m a t i o n  of 
MG was eva lua t ed  b y  measu r ing  24-h u r i n a r y  excre t ion  
of MG in an ima l s  t r e a t e d  w i t h  an t ib io t i c s  for 1 week. 
6 an imal s  were g iven  60 m g  of n e o m y c i n  da i ly  b y  naso-  
gast r ic  t u b e  while  a n o t h e r  group of 6 an ima l s  was  fed a 
m i x t u r e  fo 150 m g  of t e t racyc l ine ,  10 m g  of n y s t a t i n  and  
400 m g  of sulfadiazine.  

Crea t in ine  a d m i n i s t r a t i o n  ora l ly  or i.p. (Table  I) 
r esu l ted  in a m a r k e d  increase  in t he  24-h excre t ion  of MG 

Table I. 24 h ur inary  excret ion of me thy lguan id ine  (MG) following 
i.p. injection of 5 ml of 0.5 M solution of arginine, urea and ereatinine 
values are given as mean ~: SD 

N MG (~tg]24 b) 

Control  (6) 78.3 =L 14.1 
Arginine (6) 79.8 ~ 18.3 
Control  (6) 84.8 ~ 11.3 
Urea (6) 60.6 ~: 28.1 
Control (6) 98.0 ~ 10.2 
Creatinine (6) 246 :t: 48.6 

( P  < 0.02, S t u d e n t ' s  t- test) .  The  o the r  c o m p o u n d s  
in jec ted  d id  no t  s ign i f i can t ly  change  base l ine  MG excre- 
t ion.  Oral  an t ib io t i c s  fai led to  p roduce  a s ign i f ican t  change  
in u r i n a r y  MG excre t ion  (Table  II) .  MG was p re sen t  in  
n o r m a l  a m o u n t s  (86, 95, 106 ~zg/24-h) in 3 germ free r a t s  
o b t a i n e d  f rom Charles  R i v e r  Labora to r ies ,  Wi lming ton ,  
Mass. 

A t yp i ca l  u r i n a r y  r a d i o c h r o m a t o g r a m  af te r  i.p. 
a d m i n i s t r a t i o n  of 15 FCi of 14CH3-creatinine is i l l u s t r a t ed  
in t h e  Figure.  To ta l  c p m  in 6 24-h spec imens  r a n g e d  f rom 
32,860 to  41,950. There  was no recovery  of labe l led  MG 
w h e n  c rea t in ine  1'C (carbonyl)  a n d  t h e  o the r  labe l led  u rea  
cycle me t abo l i t e s  were g iven  to  these  animals ,  

The  convers ion  of c r ea t in ine  to MG in v ivo  was f i rs t  
p o s t u l a t e d  b y  PFIFFNER a n d  I~/~YERS 5. The  m e c h a n i s m  
respons ib le  for t h i s  conve r s ion  is no t  well  unders tood .  I t  
is poss ible  t h a t  MG arises f rom the  d e g r a d a t i o n  of creat i -  
n ine  b y  ga s t ro in t e s t i na l  bac ter ia .  MILLER a n d  DuBos  6 f i rs t  
descr ibed a bac te r i a l  e n z y m e  capab le  of deg rad ing  c rea t in -  
nine.  VAN EYK et  al. v iden t i f i ed  MG a n d  acet ic  acid w h e n  
a s t r a i n  of l~ was i n c u b a t e d  w i t h  crea t in ine .  
More recent ly ,  J ONES et  al. s i nduced  ' c r ea t in inase '  a c t i v i t y  
in  t h e  g a s t r o i n t e s t i n a l  b a c t e r i a  of r a t s  fed c rea t in ine .  
A l t h o u g h  p r e l i m i n a r y  e x p e r i m e n t s  in  our  l a b o r a t o r y  
sugges t  t h a t  r a t  colonic b a c t e r i a  can  syn thes ize  MG f rom 
severa l  p recursors  t h e i r  c o n t r i b u t i o n  to overa l l  MG 
p r o d u c t i o n  in an ima l s  on  a s t a n d a r d  d ie t  is p r o b a b l y  
ins ign i f i can t  since th i s  c o m p o u n d  was  p r e sen t  in  n o r m a l  
a m o u n t s  in  t he  ur ine  of an t ib io t i c  t r e a t e d  and  ge rm free 
rats .  

Our  f ind ing  would  exp la in  t he  fa te  of c rea t in ine  previ -  
ously  u n a c c o u n t e d  for in  t h e  anu r i c  i n d i v i d u a l  ~ a n d  the  
obse rva t ions  of GIOVANETTI et  al. 1~ who  r ecen t ly  
conf i rmed  t he  increased  m e t a b o l i c  p r o d u c t i o n  of MG in 
u r e m i a  and  d e m o n s t r a t e d  t h a t  t h e r e  is a good cor re la t ion  
b e t w e e n  se rum c rea t in ine  and  MG in p a t i e n t s  w i t h  
a d v a n c e d  rena l  insuff iciency.  

Table II .  24 h ur inary  me thy lguan id ine  (MG) excret ion dur ing  con- 
t rol  period and after 1 week of antibiotics giverl by nasogastric tube 
values are given as mean :[: SD 

N MG (~zg/24 h) 

Control  (6) 106 q- 16.4 
Neomycin  (6) 109 -4- 15.2 
Control (6) 108 • 17.9 
Tetracydine-Nystatin-Sulfadiazine (6) 94.8 4- 19.5 

Zusammen/assung. I n t r a p e r i t o n e a l e  Zufuhr  y o n  laCHa- 
K r e a t i n i n  in  R a t t e n  e r h 6 h t  de ren  24-h-Aussche idung  yon  
r a d i o m a r k i e r t e m  M e t h y l - G u a n i d i n  im Urin ,  wS.hrend 
Tiere,  die ande re  r a d i o m a r k i e r t e  po ten t i e l l e  Vor lgufer  
e rha l t en  b a t t e n ,  ke ine  e rh6h t e  A u s s c h e i d u n g  zeigten.  
Diese i n - v i v o - K o n v e r s i o n  yon  K r e a t i n i n  zu M e t h y l  
G u a n i d i n  k o n n t e  n i c h t  der  A k t i o n  ga s t ro in t e s t i na l e r  
B a k t e r i e n  zugeschr ieben  werden,  da  die Aussche idung  yon  
M e t h y l - G u a n i d i n  sowohl  in a n t i b i o t i k a b e h a n d e l t e n  als 
auch  in s te r i len  R a t t e n  i i be re in s t immte .  
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Urinary radiochromatogram after i.p. administration of 15 [zCi of 
x4CH~-creatinine. 
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