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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. 

PSA5 (1976). 

T h e  effect of ant f f ibr ino lyt ic  a g e n t s  on  w o u n d  hea l ing  in v i tro  

A. Bergenhol tz ,  G. T. Gustafson and L. H g n s t r 6 m  

Departments o/ Periodontology and Oral Histopathology, University o] Umea, S-901 87 Umed (Sweden), 29 July 1976 

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). 
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Fig. 1. A p p e a r a n c e  of cu t  sur face  (a) a n d  
incis ional  w o u n d  (b) a t  the t ime of ex- 
p l an t a t i on .  • 170. 
Fig. 2. A p p e a r a n c e  of cu t  sur face  (a) a n d  
incis ional  w o u n d  (b) a f t e r  48 h in MEM 
inedtum.  • 170. 
Fig.  3. A p p e a r a n c e  of c u t  su r face  (a} a n d  
incis ional  w o u n d  (b) a f t e r  48 h in M E N  
ined ium s u p p l e m e n t e d  wi th  0.075 M 
(3-amino valer ie  ac id  (a) a n d  0.0075 M 
t r a n e x a m i e  acid respec t ive ly .  • 170. 
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Effect of antifibrinolytie and control substances on epithelial 
proliferation 

Tested substances Concentration Everted ep. 
(M) proliferation 

Anti-plasminogen activators 
Epsilon-amino caproic acid 

Tranexamie acid 

cis-4-(Aminomethyl)cycIo- 
hexan carboxylic acid 
Paraaminobenzamidine HC1 

d-Aminovalerie acid 

Nitrophenyl-p-gu anidinoben- 
zoate HC1 

Control substances 
L-Leueine 0.075 
D-Leueine 0.075 
L-Norleucine 0.075 
D-Norleucine 0.075 
Glycine 0.075 

0.75 pos. 
0.075 pos. 
0.0075 pos. 
0.00075 neg. 

0.075 pos. 
0.0075 pos. 
0.00075 pos. 

0.075 pos. 
0.0075 pos. 
0.048 necrosis 
0.0096 necrosis 

0.75 pos. 
0.75 pos. 
0.0075 pos. 
0.00075 pos. 

0.075 pos. 
0.0075 pos. 

neg. 
neg. 
neg. 
neg. 
neg. 

In  v iew of these  cons idera t ions ,  t he  imp l i ca t i on  of f ibr ino-  
lyric m e c h a n i s m s  in ep i the l ia l  cell p ro l i fe ra t ion  was con-  
sidered.  Consequent ly ,  t he  effect  of an t i f ib r ino ly t i c  agen ts  
on t he  b e h a v i o u r  of ep i the l i um in w o u n d  hea l ing  was 
s tudied.  S t a n d a r d i z e d  pieces f rom p a l a t a l  mucosa  of 
a d u l t  e x s a n g u i n a t e d  ca t s  were m a i n t a i n e d  up  to  6 days  in 
a n  o rgan  cu l tu re  sys t em in t h e  presence  of 50% 0 2 , 
45% N 2 and  5% CO~ a n d  Eag le ' s  M E M  s u p p l e m e n t e d  
w i t h  L - g l u t a m i n e  a n d  an t ib io t ics .  I n  add i t i on  an  in- 
cis ional  w o u n d  was c rea ted  in each  e x p l a n t  b y  c u t t i n g  a t  
r i g h t  angles to  t he  e x p l a n t  t h r o u g h  t i le  ep i the l ium down 
in to  t he  s u b m u c o s a  (figure la ,  b). An t i f i b r ino ly t i c  agen ts  
and  con t ro l  subs t ances  r e spec t ive ly  were added  to the  
cu l tu re  m e d i u m  before  e x p l a n t a t i o n  (table).  The  ex- 
p l a n t s  were ha rves t ed ,  f ixed a n d  s t a ined  a f t e r  0, 12, 24, 
36, 48, 72, 96, 120 a n d  144 h and  s tud ied  in l igh t  micro-  
scope. 
! n t he  absence  of an t i f i b r ino ly t i c  agents ,  t he  fol lowing 
obse rva t i ons  were made.  Af t e r  12 h t he  ep i the l i um h a d  
m i g r a t e d  f rom s t r a t u m  g e r m i n a t i v u m  a long t he  con- 
nec t ive  t issue on  t he  surfaces  of t he  exp lan t ,  a so-called 
ep iboly  fo rmat ion .  The  ep ibo ly  showed t he  g rea t e s t  pro-  
l i fe ra t ive  a c t i v i t y  du r ing  t he  f i rs t  48-72 h (figure 2a). 
In  the  incis ional  wound ,  a n  ep i the l ia l  d o w n g r o w t h  was 
obse rved  in all exp l an t s  (figure 2b). T he  epi the l ia l  buds  
fused and  formed an  ep i the l ia l  br idge  in mos t  of t he  ex- 
p l a n t s  a f te r  12 h. 
I n  t he  presence  of an t i f i b r ino ly t i c  agents ,  t he  epiboly  did  
n o t  pro l i fe ra te  on  t he  c o n n e c t i v e  t i ssue  b u t  m i g r a t e d  in 
t he  oppos i te  direct ion.  Th i s  eve r t ed  ep iboly  pro l i fe ra ted  
a t t a c h e d  to the  s t r a t u m  g ranu losum,  r eached  t he  s t r a t u m  
c o r n e u m  and  even  sp read  on  t he  u p p e r  surface.  N o t  un t i l  
48 h a f te r  e x p l a n t a t i o n  d id  a second ep iboly  a p p e a r  mi-  
g ra t ing  over  the  connec t ive  t i ssue  surface.  B e t w e e n  t he  
eve r t ed  and  t he  downgrowing  epiboly,  a sha rp  grove  was 
formed: (figure 3a). 

I n  t h e  incis ional  wound ,  t he  an t i f i b r ino ly t i c  a g e n t s  d id  
n o t  i nh ib i t  t h e  ep i the l ia l  fusion or  in te r fe re  w i t h  the  
b r idge  fo rmat ion .  On t he  u p p e r  surface  of the  s t r a t u m  
corneum,  buds  of p ro l i fe ra t ing  e p i t h e l i u m  h a d  appeared ,  
whi le  t he  ep i the l ia l  d o w n g r o w t h  was m i n u t e  if a n y  (figure 
3b). Th i s  changed  p a t t e r n  of ep i the l ia l  p ro l i fe ra t ion  was a 
regu la r  resu l t  a f t e r  add i t ion  of eve ry  s u b s t a n c e  which  has  
been  shown  to  h a v e  an t i f ib r ino ly t i c  ( an t ip l a sminogen  
ac t iva to r )  a c t i v i t y  (table).  Such  a n  ep i the l ia l  c l imbing  
ha s  n o t  been  r epo r t ed  ear l ier  in w o u n d  hea l ing  5, and  i t  
has  been  m a i n t a i n e d  t h a t  ep i the l ia l  cells do no t  sp read  on 
shee ts  of o t h e r  ep i the l ia  8, 7. 
The  an t i f ib r ino ly t i c  agen t s  used in t he  p r e sen t  s t u d y  
obv ious ly  did  n o t  in te r fere  w i t h  ep i the l ia l  cell p ro l i fe ra t ion  
or m i g r a t o r y  capac i t y  as i nd i ca t ed  b y  t he  u n d i s t u r b e d  
k ine t ics  of cell fusion and  br idge  f o r m a t i o n  in t he  in- 
cis ional  wound .  The  cause of the  changed  d i rec t ion  of 
ep i the l ia l  m i g r a t i o n  is obscure  b u t  m i g h t  resu l t  f rom the  
effect  of an t i f i b r ino ly t i c  agen t s  on  t he  p roper t i e s  of the  
cu t  surfaces.  I t  is r easonab le  to  a s sume  the  presence  of a 
t h i n  f ib r in  l ayer  cover ing  all surfaces  of t he  exp lan t s ,  b u t  
d u r i n g  t he  m a i n t e n a n c e  in v i t ro  t h i s  f ib r in  m a y  be  elim- 
i n a t e d  b y  t he  a c t i v a t o r  released f rom t h e  explan ts ,  as 
a c t i v a t o r  of p l a sminogen  has  been  shown  to be p roduced  
b y  mucosa l  ep i the l ia l  cells 8, 8. 
I n  t he  presence  of an t i f ib r ino ly t i c  agents ,  however ,  t he  
e l imina t ion  of f ibr in  was p r o b a b l y  b locked  and  t he  per-  
s i s t ing  f ibr in  m i g h t  m a k e  possible  t he  m i g r a t i o n  of pro- 
l i fe ra t ing  ep i the l ia l  cells on  s t r a t u m  g r a n u l o s u m  and  
s t r a t u m  corneum.  However ,  i n t e r fe rence  w i t h  o the r  en- 
zyme  m e c h a n i s m s  c a n n o t  be  exc luded.  Eps i lon -amino  
caproic  acid ha s  been  shown  to i nh ib i t  c a r b o x y  pep t idase  
B - a c t i v i t y  10. I t  has  also been  r epo r t ed  t h a t  th i s  subs t ance  
m a y  in te r fe re  w i t h  surface  antigens11. However ,  Spooner  
e t  al. 1= could n o t  conf i rm the  effect  of eps i lon-amino  
caproic  acid on  red  cell a g g l u t i n a t i o n  b y  an t i  D-serum.  
Such  a concep t  is also h a r d  to  reconcile  w i t h  the  f ac t  t h a t  
t he  ep i the l i um p r i m a r i l y  did  mig ra t e  u p w a r d s  and  la ter  
downwards .  The  cl inical  impl i ca t ion  of these  obse rva t ions  
m a y  be  of some in te res t  as the  use of an t i f ib r ino ly t i c  
s u b s t a n c e s  m i g h t  offer means  to d i r ec t  ep i the l ia l  g rowth .  

5 J. James, Wound healing. Int. Symp. Rotterdam, p. 26. Found. 
Int. Coop. Med. Set. Montreux, Switzerland 1975. 

6 A. Bergenholtz, Aeta odont, scand. 27, suppl. 54 (1969). 
7 T. Elsdale and J. Bard, J. cell. Biol. 63, 343 (1974). 
8 T. Astrup, J. Henriehsen, K. Tymparridis and A. E. King, Nature 

214, 297 (1967). 
9 H. Birn and O. Fejerskov, Scand, J. dent. Res. 79, 381 (1971). 
10 H. Neurath, in: The Enzymes, vol. 4, p. 11. Ed. P. D. Boyer, H. 

Lardy and K. Myrbfick. Academic Press, New York and London 
1960. 

11 J. Musiatowicz, J. Jezarita and M. Bielecki, Br. J. exp. Path. dd, 
274 (1965). 

12 R. L. Spooner, R. R. A. Coomb, J, T. Dingle and H. B. Fell, Int. 
Arch. Allergy 30, 231 (1966). 


