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Effec ts  of four pept ides  (physalaemin,  d-d-oxytoc in ,  
d -d-Arg-vaso toc in  and  d-d-Arg-vasopress in) ,  when  t r ea t ed  
by  c h y m o t r y p s i n  or t ryps in ,  on the  exc i tab i l i ty  of 2 
g iant  neurones  are summar ized  in t he  table,  in compar i son  
wi th  those  of these  pep t ides  un t rea ted .  In  these  cases, 
we examined  solut ions of these  pep t ides  in concen t ra t ions  
of 2 X 10 -4 kg/1. 
Figure  1 demons t r a t e s  effects of these  enzyme- t r ea t ed  
pept ides  on TAN exci tabi l i ty .  Physa l aemin  lost  its ex- 
c i t a to ry  effect  on this  neurone  af ter  t ryps in  t r e a t m e n t .  
Physa laemin ,  when  t r ea t ed  by  chymot ryps in ,  unexpec t -  
edly showed an inh ib i to ry  effect on the  same neurone,  
opposi te  to t h a t  of un t r ea t ed  physa laemin .  3 pept ides  
analogous to neu rohypophysea l  hormones  (d-d-oxytocin,  
d -d-Arg-vaso toc in  and d-d-Arg-vasopress in)  had  no ef- 
fect  on the  TAN, whe the r  t r ea ted  or not.  
Figure 2 shows effects of these t r ea t ed  pept ides  on the  
PON. D-d-oxytoc in  and d-d-Arg-vaso toc in  con t inued  to 
show thei r  exc i t a to ry  effect  on the  P O N  af ter  chymo-  
t ryps in  t r e a t m e n t  for 6 h. However ,  d -d-Arg-vaso toc in  
lost  its effect  af ter  t ryps in  t r ea tmen t .  Physa l aemin  and 
d-d-Arg~vasopressin,  whe the r  t r ea t ed  or not,  had  no 
effect  on the  PON. 
In  spi te  of its remarkable  exc i t a to ry  effect  of physa laemin  
on the  TAN =, this  substance,  when  t r ea t ed  by  t rypsin ,  
no longer showed its effect. As shown schemat ica l ly  in 
the  table,  t ryps in  mus t  cleave the  pep t ide  bond  of 'Phe-  
Lys '  of physa laemin .  Konishi  and Otsuka  ~* repor ted  
t h a t  several  hypo tens ive  pept ides  including physa laemin  
c o m m o n l y  affected the  ven t ra l  root  po ten t i a l  of the  frog 
spinal  cord, and assumed t h a t  a common  C-terminal  
sequence ( -Phe-X-Gly-Leu-Met-NH2) of these  pept ides  
caused the  depolar iza t ion of spinal  motoneurones .  We 
could no t  conf i rm their  hypo thes i s  wi th  our exper imenta l  
material ,  since a f r agmen t  of physa laemin ,  'Phe-Tyr -  
Gly-Leu-Met-NH2' ,  which is considered to be produced  
by  t ryps in  t r ea tmen t ,  showed no effect  on the  TAN. We 

can say t h a t  a cer ta in  amino acid sequence of physa lae-  
min,  longer t h a n  the  above -men t ioned  f ragment ,  is 
necessary  to produce  the  effect  of un t r ea t ed  physa l aemin  
on this  neurone.  Af ter  t r e a t m e n t  wi th  chymot ryps in ,  no t  
only  physa l aemin ' s  exc i t a to ry  effect  on the  TAN dis- 
appeared,  b u t  also an inh ib i to ry  effect  on the  same neu- 
rone was apparen t .  We are convinced t h a t  some new 
pep t ide  showing the  inh ib i to ry  effect  on the  T A N  was 
p roduced  by  the  c h y m o t r y p s i n  t r e a t m e n t ,  a l though  we 
canno t  conclude whe the r  inh ib i to ry  act ive sites of th is  
new pep t ide  are ident ical  wi th  those of un t r ea t ed  physa -  
laemin in p roduc ing  the  sl ight inh ib i to ry  effect  on the  
same neurone.  
Previous ly  we repor teda  t h a t  d -d-oxytoc in  and  d-d-Arg-  
vasotocin,  b u t  n o t  d-d-Arg-vasopress in ,  showed an ex- 
c i t a to ry  effect  on the  PON. Tryps in  t r e a t m e n t  of d-d-  
Arg-vasotoc in  made  its effect  disappear .  Since t ryps in  
mus t  cleave the  pep t ide  bond  of 'Arg-Gly '  of this  sub-  
stance,  g lycylamine  (Gly-NH2) in the  C- terminal  is indis-  
pensable  in p roduc ing  the  effect. On the  o the r  hand ,  ' I le '  
in the  second posi t ion of the  amino acid sequence of th is  
subs tance  is also indispensable  to produce  the  effect,  
since d-d-Arg-vasopress in ,  hav ing  'Phe '  ins tead  of ' I le '  
of d-d-Arg-vasotocin ,  showed no effect on the  same 
neurone.  Therefore,  i t  is a ssumed t h a t  a lmos t  comple te  
amino acid sequences  of d -d -oxy toc in  and d-d-Arg-vaso-  
tocin are necessary  to produce  the  effect  on the  PON.  
After  the  c h y m o t r y p s i n  t r e a t m e n t  for 6 h in the  condi t ion  
described above,  the  2 pep t ides  analogous to neu rohypo-  
physea l  ho rmones  con t inued  to show their  effect.  The 
amino acid sequences  of d-d-oxytoc in ,  d -d -Arg-vaso toc in  
and physa l aemin  necessary  to produce  effects  on our 
expe r imen ta l  mater ia ls  have  to be ascer ta ined in a fu r the r  
s tudy.  
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Summary. The deve lopmen t  of NA-up take  mechan i sms  in 
ergic t e rmina ls  were visible. The  h ighes t  aH-NA values in 
t he  mouse  hear t .  

the  h u m a n  foetal  hea r t  s t a r t  a t  the  same t ime as the  adren-  
the  h u m a n  foetal  hea r t  were only 25-30% of those  found in 

The adrenergic nervous  sys t em develops la ter  in the  
h u m a n  foetal  hea r t  t h a n  in m a n y  o ther  per iphera l  t issues 
according to main ly  morphological  examina t ions2-L  Pre-  
sent  knowledge of the  funct ional  deve lopmen t  of the  ad- 
renergic nervous  sys tem in the  h u m a n  foetal  hea r t  is more  
l imited.  The adrenergic  receptors  are bel ieved to respond 
a t  9 weeks of ges ta t ion  to  adrenal ine  s, bu t  no t  before 13 
weeks of ges ta t ion  to field s t imula t ion  9, and  the  meta -  
bolic inac t iva t ion  mechan i sms  are bel ieved to be of more  
significance t h a n  the  up take  mechan i sms  in the  second 
t r imes t e r  of p r egnancy  1~ 
In  the  p resen t  work  the  funct ional  d e v e l o p m e n t  of the  
adrenergic  nervous  sys t em was examined  by  es t ima t ing  
the  aH-noradrenal ine  (aH-NA) up take  in the  isolated 
a t r ia  and ventr ic les  of h u m a n  foetal  hea r t  as compared  
wi th  the  mouse a t r ia  and ventricles,  and wi th  the  develop-  
m e n t  of the  adrenergic  nerve fibres observed his to-  
chemical ly.  

Malerial and methods. Foeta l  hear t s  were ob ta ined  f rom 
legal t e rmina t i ons  of p regnancy  pe r fo rmed  by  evacua t ion  
or by  h y s t e r o t o m y .  In  all of the  48 cases, the  p remedi -  
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cat ion was the  same:  a t ropine,  pe th id ine  and p rome tha -  
zinc. The evacuat ions  were pe r fo rmed  under  paracervical  
local anaes thes ia  (lidocain 1%) and the  hys te ro tomies  
under  general  anaes thes ia  using a n i t rous  oxide-oxygen 
mix tu re  af ter  in t ravenous  barb i tu re  induct ion,  The 
foetuses ranged in size f rom 8 to 20 weeks of ges ta t ion  
according to the  obs te t r ic  h i s to ry  and m e a s u r e m e n t  of 
the  ~oetal l eng th  f rom the  crown of the  head  to the  rump.  
The weights  of the  female Albino Swiss mice were 18=25 g. 
B o t h  the  r igh t  and  the  left a t r ia  f rom each hea r t  were dis- 
sected free of the  ventr ic les  and each was kep t  in Krebs-  
Ringer  solution, aera ted  wi th  a gas mix ture  of 95% O 8 
and  5% CO 2 and  the rmos ta t i ca l ly  control led a t  37.5~ 
I-3H-NA, specific ac t iv i ty  10.3 Ci /mmol  (Amersham 
Radiochemica l  Centre,  England)  was added  to  the  organ 
ba th  in a concen t ra t ion  of 10 -7 M. The incubat ion  t ime 
was 30 min in the  b a t h  conta in ing  1-3H-NA and  there-  
af ter  10 m i n i n  an ac t iv i ty- f ree  Krebs -Ringer  solut ion 11. 
The 8H-act ivi ty  t aken  by  t issues was e s t ima ted  by  liquid 
scint i l la t ion count ing:  the  weighed and  dried t issues were 
oxygena ted  by  a sample  oxidizer  in t roduced  by  Kaar -  
t inen  1~ and  the  q u a n t i t y  o5 t r i t i a t ed  water  p roduced  was 
de t e rmined  by  liquid scint i l la t ion count ing.  The recovery  
of th is  m e thod  is 99.0 • 2.4% (mean • S. D.)10 
The metabo l i t es  of 1-aH-NA taken  up by  t issues were 
separa ted  by  paper  c h r o m a t o g r a p h y  using W h a t m a n  
No. 1 pape r  and n -bu tano l :  formic acid:  wa te r  (70 : 12 : 
15) as a so lvent  sys tem,  and  the  pe rcen tage  of d i f ferent  
metabot i tes  was then  e s t ima ted  by  liquid scint i l la t ion 
count ing  af ter  oxygena t ion  as was the  to ta l  aH act ivi ty .  
(For detai ls  see Saarikoskil0). The da t a  in figure 1 show 
only  the  in tac t  ~H-NA. The fo rmaldehyde- induced  histo-  
chemical  f luorescence of the  adrenergic  nerve fibres was ex- 
amined  in p a r t  of the  a t r ia  using s t r e t ch  p repara t ions  ~, ~. 
The s ta t is t ica l  analysis  was done using S t u d e n t ' s  t - test .  
Results.  Figure 1 shows the  up take  of 1-aH-NA by  foetal  
hea r t  t issue. The values  are qui te  low at  8-13 weeks of 
gesta t ion,  af ter  which the  capac i ty  for NA up take  in the  
hea r t  a t r i um and  ventr ic le  showed a t endency  to rise. The 
h ighes t  values were seen in the  a t r ia  and  ventr ic les  of 
16-20-week-old foetuses.  These mean  values in NA-con-  
cen t ra t ion  10 .7 M were very  s ignif icant ly  h igher  t han  the  
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Fig. 1. Uptake of 3H-NA in atria (�9 and ventricles (.) of human 
foetuses. The ineubatioI1 time was 30 rain, followed by a 10 min re- 
incubation in fresh buffer. Mean ~ S, E. M. values for 8-10 deter- 
minations. 

Fig. 2. Histochemical demonstration of adrenergic nerves iu stretch 
preparations of mouse atrium (2a), of human foetal atrium at 10 
weeks of gestation (2b), at 12 weeks of gestation (2e), at 14-15 weeks 
of gestation (2d) and at 17-18 weeks of gestation (2e). 
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mean  values a t  the  s tages 8-9, 10-11 or 12-13 weeks of 
ges ta t ion  (p<0.001} and  s ignif icant ly  h igher  t h a n  the  
values a t  14-15 weeks of ges ta t ion  (p<0.01-0 .02) .  The 
aH-NA up take  values  for the  mouse  at r ia  and  ventr ic les  
in NA-concen t r a t ion  10- ~ M were 186 • 21 ng/g and 143 
~- 15 ng/g (mean • S. E. M. of 10 de te rmina t ions) .  The 

h ighes t  mean  values, 42 and 44 ng/g  found in the  h u m a n  
foetal  hear t ,  were only  abou t  one-quar te r  to one- th i rd  of 
those  found in the  mouse  a t r ia  and ventricles.  
His tochemis t ry .  In  t he  mouse  a t r ia  (figure 2a), qui te  a 
th ick  ne t  of adrenergic  te rminals  was seen in con t ras t  to  
the  h u m a n  foetal  h e a r t  p repara t ions  (figures 2b-e).  In  
some of the  foetal  a t r ia  a t  12-13 weeks of gesta t ion,  a few 
te rmina ls  were found  a round  the  coronary  vessels and in 
the  hear t s  of the  foetuses a t  14 15 weeks of ges ta t ion  and  
the rea f t e r  a few f luorescent  adrenergic  t e rmina ls  could 
be seen in the  myocard ia l  t issue. 
Metaboli tes .  I t  was found (table) t h a t  the  aH ac t iv i ty  
t aken  up into the  mouse  hea r t  was non-metabo l i zed  all- 

a H-NA and its metabolites in human foetal atria and mouse atria 
in vitro 

Foetal heart Foetal heart Mouse heart 
at 8-13 weeks at 14 20 weeks 

NA 82.4• 81.5• 97.1~0.5 
NMN 4.8• 2.9• 0.5~0.2 
DHPG-DHMA 6.1~1.2 11.9~1.8 2.2• 
MHPG-VMA 3.8~0.7 2.1• 0.2~0.0 
F 3.0~0.6 1.6• 0.1i0.0 

NA -- noradrenaline, NMN = normetanephrine, DHPG 3,4- 
dihydroxyphenylglycol, DHMA -- 3,4-dihydroxymandelic acid, 
MHPG = 3-methoxy-4-hydroxyphenylglycol, VMA vanillyl- 
mandelic acid, F the aH activity spreading outside of the me- 
tabolites on the paper. Mean -k S. E. M. of 8 10 determinations. 
Quantity of metabolites expressed as percentage of total activity. 

NA in a h igher  p ropor t ion  t h a n  t h a t  in the  foetal  hear t ,  
in which  the  q u a n t i t y  of d e a m i n a t e d  metabo l i t es  p roved  
to be r a the r  high, especial ly in the  older foetuses.  
Discussion. The p re sen t  resul ts  show t h a t  the  up take  of 
3H-NA into the  h u m a n  foetal  h e a r t  t issues was r a the r  
low dur ing  the  f irs t  hal f  of ges ta t ion  as compared  wi th  
the  up take  of aH-NA into  the  adul t  mouse hea r t  under  
the  same expe r imen ta l  condi t ions .  Some gradual  in- 
crease in the  up take  was found  dur ing the  f irs t  half  of the  
foetal  life, and the  d e v e l o p m e n t  of neural  NA up take  
mechan i sms  was found to s t a r t  a t  the  beginning  of the  
second t r imes te r  of p regnancy .  The h is tochemica l  f ind- 
ings were in good ag reemen t  wi th  th is :  fo rmaldehyde-  
induced  fluorescence te rmina ls  were seen af ter  12-13 
weeks in the  coronary  ar ter ies  and  af ter  14 15 weeks of 
ges ta t ion  in the  hea r t  muscle.  The p re sen t  f indings are 
also in good ag reemen t  w i th  the  f indings of Walke r  9, who 
observed  t h a t  the  a t r ia  f rom h u m a n  foetuses of less t h a n  
13 weeks of ges ta t ion  did no t  respond  to field s t imulat ion.  
There  was clearly a h igher  pe rcen tage  of non-metabo l i zed  
aH-NA in the  ac t iv i ty  t aken  b y  the  mouse h e a r t  t h a n  in 
t h a t  t aken  by  the  foetal  hear t .  This  f inding suggests  t h a t  
the  metabol ic  inac t iva t ion  mechan i sms  p lay  a grea ter  
p a r t  in the  i mma t u re  h u m a n  foetal  adrenergic  nervous  
func t ion  t h a n  in the  ma t u r e  mouse adrenergic  nervous  
funct ion.  
The p resen t  resul ts  suggest  t h a t  dur ing  the  f irs t  t r imes t e r  
of h u m a n  foetal  life the  neural  mechan i sms  are of lesser 
impor tance ,  and the  funct ional  d e v e l o p m e n t  of adrener-  
gic nervous  mechan i sms  s ta r t s  a t  the  same t ime as the  
morphologica l  d e v e l o p m e n t  of adrenergic  t e rmina l s  in the  
hea r t  a t  the  beginning  of the  second t r imes t e r  of preg- 
nancy.  

11 C. Sachs, Aeta physiol, scand, suppl. 341 (1970). 
12 N. Kaartinen, Paekard tech. Bull. /8 (1969). 
13 B. Falek and Ch. Owman, Aeta Univ. lund. [I 7, i (1965). 
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Summary. The metabol ic  fate  of the  17/5-ketol side chain of (21-all) prednisolone was s tudied  wi th  an enzyme prep-  
ara t ion f rom male golden h a m s t e r  liver. The acidic metabol i t e  of prednisolone was ident i f ied by  mass  s p e c t r o m e t r y  
as 11/5, 17~,20~-tr ihydroxy-3-oxo-l ,4-pregnadien-21-oic  acid. The enzyme showed subs t r a t e  specificity,  depending  
on the  na ture  of subs t i t uen t  on the  steroid nucleus. 

Evidence  has been p resen ted  to suppor t  the  exis tence of 
acidic cor t icosteroid metabo l i t es  called 'polar  compounds '  
or ' b ica rbona te  ex t rac tab le  mater ia ls '  in h u m a n  urine 2, a. 
2 classes of acidic cortisol  metabo l i t es  charac ter ized  by  
hav ing  a glycolic or glyoxylic acid side chain in h u m a n  
urine have  been ident i f ied;  t h e y  have  been  shown to  
cons t i tu te  5 -25% of the  admin is te red  cortisol  radio-  
activity4.  The fo rmat ion  of uncharac te r ized  acidic me tab -  
olites of proges te rone  and deoxycor t icos te rone  by  the  
mi tochondr ia l  f rac t ion of r abb i t  liver was recent ly  re- 
por t ed  ~. We have  p resen ted  the  pur i f icat ion of an enzyme  
f rom ham s te r  liver which  is responsible  for the  ox ida t ion  
of cor t icosteroid  to  steroidal-20-ol-21-oic acid 6. In  th is  
communica t ion  the  isolat ion and  charac te r iza t ion  of an 
acidic metabo l i t e  of prednisolone are described.  

Steroids were bough t  f rom Research  Plus Labora tory ,  
Inc.,  Denville,  N . J .  NaBaH4 was purchased  f rom New 
Eng land  Nuclear  Corp., Boston,  Mass. 21-Tri t ia ted pred-  
nisolone was synthes ized  f rom 21-dehydropredniso lone  
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