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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). 

A c i d i c  m e t a b o l i t e  of p r e d n i s o l o n e  ~ 

H. J. Lee 

School o/Pharmacy, trlorida Agricultural and Mechanical University, Tallahassee (Florida 32307, USA), 27 July 1976 

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  

1 This investigation was supported in part by USPHS Grant CA 
2515. 

2 C.M. Southcott, S. K. Gondoss, A. D. Barker, H. E. MeIntosh 
and M. Darraeh, Can. J. Biochem. Physiol. 34, 146 (1956). 

3 C.H. Gray and D. H. Shaw, J. Endoer. 33, 33 (1965). 
4 H. Bradlow, B. Zumoff, C. Monder, H. J. Lee and L. Hellman, 

J. elin. Endocr. Metab. 37, 811 (1973). 
5 A.C. Day and I. R. Senciall, J. Steroid Bioehem. 7, 167 (1976). 
6 '  H. J. Lee, K. O. Martin and C. Monder, Fed. Proe. USA 3d, 

2516 (1975). 
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b y  reduc t ion  of NaBaH4 as descr ibed by  MonderL  
Specific r ad ioac t iv i ty  of (21-aH)-prednisolone was  36 ~.Ci/ 
mole. The enzyme was p repa red  f rom the  cytosol  f rac t ion  
of h a m s t e r  liver b y  centr i fugat ion,  a m m o n i u m  sulfate 
f rac t ionat ion,  sephadex  G-100 gel f i l t ra t ion and  CM- 
sephadex  C-50 column c h r o m a t o g r a p h y  as descr ibed by  
Lee et  al. 6. 
Reac t ion  mix tu res  were p repared  to  con ta in  0.03 ~zmole, 
to ta l  r ad ioac t iv i ty  of 1 ~zCi, of (21-~H)-prednisolone and  
1 mg  of enzyme  in 0.025 M tris-HC1 buffer,  p H  8.0, in a 
t o t a l  2 ml of react ion volume.  Reac t ions  were carr ied ou t  
a t  37~ for 6 h and s topped  b y  freezing the  mix tu re  a t  
- -70~ The condensa te  was ob ta ined  b y  lyophi l iza t ion 

of frozen incuba t ion  mixture .  The remain ing  residue was 
dissolved in 2 ml  of 1 N HC1 solut ion and ex t r ac t ed  wi th  
5 ml  of e thy l  ace ta te  twice. The d i s t r ibu t ion  of radio- 
ac t iv i ty  in various f ract ions  ob ta ined  f rom incuba t ion  

Table 1. Distribution of radioactivity in fractionated incubation 
inixture 

Fractions* Radioactivity 
DPH • 10 -3 % 

Condensate 240.2 9.8 
Ethyl acetate extract 1 1655.7 67.8 
Ethyl acetate extract 2 7.3 0.3 
Aqueous phase 31.7 1.3 
Total 1934.9 79.2 

*The cot~densate was obtained by lyophilization of the reaction 
mixture containing radioactivity of 1 ~Ci and the resulting residue 
dissolved in 2 1111 of 1 N HC1 was extracted with ethyl acetate twice. 

Table 2. Substrate specificity of the enzyme 

Substrates Detritiation* 
I II 
DPM % DPM % 

Prednisolone 1195 2.04 4327 3.60 
6 -fluoroprednisolone 668 1.62 2032 2.46 
6 -methylprednisolone 1493 2.24 3386 2.46 
Cortisol 1403 1.04 2682 1.18 
ll-deoxycorticosterone 8528 17.77 17575 18.31 

* Incubation mixture was prepared to contain 0.74 mg of protein and 
0.5• .3 [zmole (I) and 1.0• 10 s b~mole (II) of (21-SH)-cortieo - 
steroids with varying specific activities. 

mix tu re  is shown in table  1. The rad ioac t iv i ty  of t he  
condensa te  and  e thy l  ace ta te  ext rac t ,  conta in ing  bo th  
subs t r a t e  and  metabol i te ,  were 9.8 and  67.8 % of subs t r a t e  
added,  respect ively.  The recovery  of overall  r ad ioac t iv i ty  
averaged 79.2%. 
The illitial de t r i t i a t ion  ve loc i ty  was  p ropor t iona l  to  t he  
a m o u n t  of enzyme added.  The ra te  fell off dur ing  pro-  
longed incubat ion .  The enzyme solution did no t  show any  
de t r i t i a t ion  ac t iv i ty  a f te r  being boiled for 3 min.  
The accumula ted  e thy l  ace ta te  ex t rac t s  were dr ied unde r  
reduced  pressure  and  the  resul t ing residue dissolved in 
me t h an o l  was appl ied onto  silica gel p la tes  made  of silica 
gel G.F .  254. After  t he  p la tes  were developed wi th  
c h l o r o f o r m : m e t h a n o l  (98:2), 2 bands  were observed 
under  UV-l ight .  One, a t  Rf 0.4, cor responded to t he  sub- 
s t r a i t  i tself;  the  o ther  r emained  at  the  origin. 2 radio- 
act ive peaks  coinciding wi th  the  UV opaque  componen t s  
were de tec ted  on the  p la te  wi th  a r ad ioch roma tog ram 
scanner.  The  TLC behavior  of the  metabol i te  in a non-  
polar  so lvent  sys tem sugges ted  t h a t  i t  was more  polar  
t h a n  the  subs t ra te .  The por t ion  conta in ing  non-mobi le  
metabol i t e  was scraped off the  plate  and eluted wi th  
methanol ,  and  fu r ther  purif ied wi th  TLC, using a polar  
acidic so lvent  sys tem (upper  phase  of to luence :ace t i c  
a c i d : w a t e r  = 50: 50:10). The ma in  U V  absorbing b a n d  
wi th  Rf value of 0.35 on the  pla tes  was ex t r ac t ed  wi th  
methanol .  The isolated acidic metabol i t e  was esterif ied 
wi th  d i azome thane  and  sub jec ted  to  crys ta l l iza t ion wi th  
ace tone-e ther  sys tem.  
High  and  low resolut ion mass  spec t ra  of the  acidic me tab -  
olite m e t h y l  es ter  ob ta ined  using di rect  in le t  s y s t em on 
the  A E I  MS 30 were ident ical  to those  of au then t i c  
m e t h y l  11 fl, 17 ~, 20 $- t r ihydroxy-3-oxo-1 ,4-pregnadien-  
21-oate ester.  The f r agmen ta t i on  p a t t e r n  der ived f rom 
these  spec t r a  revealed a re la t ively  intense  molecular  ion 
a t  M+ 392.0194, C~2HaoO6, and were charac ter i s t ic  of a 
s teroid  nucleus of A4-3-ketone wi th  a 17 glycotate m e t h y l  
ester  s. 
The relat ive de t r i t i a t ion  ra tes  of a n u m b e r  of (21-~H) 
cor t icosteroids  achieved in 2 h incuba t ion  are l isted in 
table  2. The init ial  de t r i t i a t ion  ra te  of glucocort icoids 
t es ted  was s ignif icant ly  lower t h a n  11-deoxycort ico-  
s terone,  ind ica t ing  t h a t  oxida t ion  of t r i t i um at  C-21 of 
cor t icosteroids  was affected b y  the  na tu re  of the  r i n g  
subs t i tuents .  

7 P. K. Willingham and C. Monder, Steroids 22, 539 (1973). 
8 H. J. Lee, R. Roboz and C. Monder, 23rd Conf. Mass Spee. 
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Summary. The effect  of ant i f ibr inolyt ic  agents  (ant ip lasminogen act ivators)  on wound  heal ing was s tudied in vitro.  
All these  subs tances  caused the  ~proliferating ep i the l ium to change d i rec t ion  and  migra te  to s t r a t u m  corneum,  resul t ing 
in a ever ted  epiboly  format ion.  

The m e c h a n i s m  by  which  epithelial  cells are d i rected,  
mig ra t e  and es tabl ish  con tac t  w i th  t he  connect ive  t issue 
in wound  heal ing is incomple te ly  known.  F ibr in  has  been 
p roposed  to have  a guiding role in th is  process 1 and 
shgges ted  as an adhes ive  agen t  to  be used in recons t ruc t ive  
surgery  2. The in te rac t ion  be tween  prol i fera t ing  epithel ial  
ceils and  f ibrin is unknown,  b u t  a f ibr inolyt ic  ac t iv i ty  
by  migra t ing  epi thel ia l  cells has  been  p roposed  a and  epi- 
thel ial  ceils f rom the  buccal  mucosa  of m a n  have  been  

shown to  releas e p lasminogen  act ivator ,  especially dur ing  
earlier s tages of cell m a t u r a t i o n  ~. 

1 H.P .  Springier, Jr, J. Holle and F. Braun, Wien. Min. Wsehr. 
85, 827 (1973). 

2 J .Z.  Young:and P. B. Medawar, Lancet 239, 126 {1940). 
3 H.J .  Tagnon and G. E. Palade, J. Clin. Invest. 29, 317 (1950). 
4 B. Wiinschmann-Henderson and T. Astrup, J. Path. 108, 293 

(1972). 


