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A n t i - i n f l a m m a t o r y  a c t i v i t y  of t he  acid c a r b o x y p e p t i -  
dase on  ca r r ageen in - induced  paw  e d e m a  is s u m m a r i z e d  
in Tab le  I I .  The  acid c a r b o x y p e p t i d a s e  showed  a more  
p o t e n t  a n t i - i n f l a m m a t o r y  a c t i v i t y  t h a n  ~ - c h y m o t r y p s i n  
and  b romela in .  I n  t he  analys is  a t  2, 3 a n d  4 h a f t e r  injec-  
t ion  of ca r r ageen in  (Table  II) ,  t h e  log dose response  
curves  for the  acid c a r b o x y p e p t i d a s e  were l inear  w i t h i n  
t he  l imi t  of e x p e r i m e n t a l  error.  However ,  in  t he  ana lys i s  
a t  1 h a f t e r  in j ec t ion  of car rageenin ,  the  log dose response  
cu rve  was n o t  l inear.  This  p h e n o m e n o n  seems to ind ica te  
t he  slow a b s o r p t i o n  of t he  acid c a r b o x y p e p t i d a s e  wh ich  
ha s  a molecu la r  we igh t  of 51,000. These  f indings  seem 
to  sugges t  t h a t  t h e  acid c a r b o x y p e p t i d a s e  hyd ro lyzed  
b r a d y k i n i n  in vivo.  No apprec iab le  adve r se  reac t ions ,  
such  as h e m o r r h a g e  a n d  ascites, were obse rved  a t  t he  
doses given.  

Summary. The  acid c a r b o x y p e p t i d a s e  f rom Penicillium 
~anthinellum ca ta lyzed  t h e  r ap id  release of arginine ,  a n d  
t he  slow release of pheny la l an ine ,  prol ine,  ser ine a n d  
glycine f rom t h e  c a r b o x y - t e r m i n a l  of b r a d y k i n i n  a t  p H  

4.15 to  4.8. A n t i - i n f l a m m a t o r y  a c t i v i t y  of t he  acid 
c a r b o x y p e p t i d a s e  seems to sugges t  t h a t  t he  e n z y m e  
h y d r o l y z e d  b r a d y k i n i n  in vivo.  

S. YOKOYAMA, A. OOBAYASHI, O. TANABE, 
K. OHATA 23, Y. SHIBATA 2a and  
E. ICHISHIMA 24 

Central Research Laboratories, Tahara Shuzo Co., Ltd., 
Setahashimoto, Ootsu 520-27 (Japan), 
Research Laboratories, Nippon Shinyaku Co., Ltd., 
Minami-ku, Kyoto 601 (Japan), and 
Laboratory o[ Enzymology and Microbial Chemistry, 
Tohyo N6kb University, Fuchu, Tokyo 183 (Japan), 
21 April 7975. 

33 Research Laboratories, Nippon Shinyaku Co., Ltd., Minami-Ku, 
Kyoto 601 (Japan). 

34 Laboratory of Enzymology and Microbial Chemistry, Tokyo 
N6k6 University, Fuehu, Tokyo 183 (Japan). 

In terac t ion  B e t w e e n  D e h y d r o e p i a n d r o s t e r o n e ,  G l u c o s e - 6 - P h o s p h a t e  D e h y d r o g e n a s e ,  and 
Cycl ic  A d e n o s i n e - 3 ' , 5 ' - M o n o p h o s p h a t e  in N e o p l a s t i c  and  N o r m a l  H u m a n  M a m m a r y  T i s s u e  

Only  recent ly ,  t he  a p p a r e n t  i n t e r ac t i on  b e t w e e n  
d e h y d r o e p i a n d r o s t e r o n e  (DHEA) ,  3 f l -hydroxy-5-andro-  
s ten-17-one,  g lucose -6 -phospha t e -dehydrogenase  (G-6- 
P D H ,  EC 1.1.1.49), a n d  cyclic adenos ine-Y,  5 ' -mono-  
p h o s p h a t e  (c-AMP) in n o r m a l  a n d  diseased sub jec t s  has  
been  r epo r t ed  1. A l t h o u g h  in v i t ro  a d i s t i nc t  a c t i v a t i o n  of 
c -AMP phosphod ie s t e r a se  (EC 3.1.4.17) b y  D H E A  and  
D H E A  sul fa t ide  could be d e m o n s t r a t e d ,  th i s  d i rec t  
effect  seems to  be  seconda ry  to  t h e  i nd i r ec t  i nh ib i t i on  
of said e n z y m e  b y  D H E A  a n d  i ts  su l fa t ide  v ia  t he  G-6- 
P D H  s y s t e m  s. Here,  t he  al loster ic  i nh ib i t i on  of G - 6 - P D H  
b y  DI- tEA a n d  D H E A  sulfa t ide  a p r o b a b l y  leads to  t he  
a c c u m u l a t i o n  of G-6-P,  wh ich  in t u r n  is k n o w n  as a 
compe t i t i ve  i n h i b i t o r  of c -AMP phosphod ie s t e r a se  4. 
Hence,  t he  inf luence  of D H E A ,  i t s  endogenous  or syn-  
t he t i c  su l foconjugates ,  as well  as of o the r  s te ro ida l  G-6- 
P D H  inh ib i to r s  u p o n  t he  g r o w t h  of cell cu l tu res  f rom 
n o r m a l  a n d  neop las t i c  h u m a n  tissueS, s e v e n t u a l l y  m a y  
also be  ascr ibed  to such  r e g u l a t o r y  effects. F u r t h e r m o r e ,  
th i s  hypo thes i s  is s u p p o r t e d  b y  t he  obs e r va t i on  t h a t  D H E A  
inh ib i t s  t h e  mi tos is  of cu l tu red  h u m a n  l y m p h o c y t e s L  
Based  on  these  expe r imen t s ,  D H E A ,  G - 6 - P D H  ac t iv i ty ,  
and  c -AMP were d e t e r m i n e d  in n o r m a l  a n d  neop las t i c  
h u m a n  m a m m a r y  t issue.  

Material and methods. I n  t he  course of m a s t e c t o m y ,  due 
to  suspec ted  m a m m a r y  cancer,  samples  were r emoved  
f rom neoplas t ic  a n d  a d j a c e n t  n o r m a l  t i ssue  and  i m m e -  
d ia t e ly  s u b m i t t e d  to  h is to logica l  inspect ion .  Fo r  de ter -  
m i n a t i o n  of t o t a l  D H E A  a n d  G-6-PDt-I ac t iv i ty ,  one 
t i ssue  a l iquo t  was weighed a n d  homogen ized  in 1.0 ml  
0 .9% sod ium ch lor ide /0 .025% E D T A  per  200 mg of we t  
tissue. Af te r  c e n t r i f u g a t i o n  for  10 rain  a t  5000 g, the  
s n p e r n a t a n t  was  d e c a n t e d  a n d  assayed  for t o t a l  D H E A  s, 
G - 6 - P D H  9, a n d  soluble  proteins1~ A second a l iquo t  was  
homogen ized  in 1.0 ml  6% t r i ch loroace t ic  acid pe r  50 m g  
of we t  t i ssue  and  t he  h o m o g e n a t e  cen t r i fuged  for 10 rain  
a t  10,000 g. Fo l lowing  decan t a t i on ,  t he  s u p e r n a t a n t  was  
d i lu ted  w i t h  0.1 m l  0.1 N hydroch lo r i c  acid pe r  ml  and  
e x t r a c t e d  w i t h  4 vo lumes  w a t e r - s a t u r a t e d  e ther .  The  
e the r  e x t r a c t  was  d i sca rded  a n d  t he  aqueous  phase  sub-  
j ec ted  to  t he  a s say  of c -AMP n.  

Results and discussion. W h e r e a s  t he  G - 6 - P D H  a c t i v i t y  
in  7 samples  of cance r  t i ssue  ave raged  421 • 241 m U / m g  
soluble pro te ins ,  t he  e n z y m e  a c t i v i t y  in all  co r re spond ing  
n o r m a l  t i ssues  d id  n o t  even  r each  25 m U / m g  pro te in .  
Converse ly ,  the  c o n c e n t r a t i o n  of t o t a l  D H E A  in cance r  
t issue,  as c o m p a r e d  to t he  n o r m a l  t issue,  was  found  to 
be  decreased  b y  56.6 4- 13.6%. The  i n d i v i d u a l  c o n c e n t r a -  
t ions,  however ,  va r i ed  b e t w e e n  0.8 a n d  6.1 ~g /mg soluble  
p ro te ins  in cancer  t issue a n d  be tween  1.8 and  12.3 ~xg/mg 
p ro t e in  in n o r m a l  t issue, t h u s  p r e v e n t i n g  a d i rec t  s t a t i s t i ca l  
e v a l u a t i o n  of t i ssue  levels. F r o m  such  f indings  i t  m i g h t  
be  conc luded  t h a t  in  cance r  t i ssue  t he  lack of D H E A  or 
i ts  endogenous  su l foconjuga te ,  e.g. DI-IEA sulfa t ide ,  
resu l t s  in  a cons iderab le  rise of in t r ace l lu la r  G - 6 - P D H  
ac t iv i ty .  R e l a t i v e l y  low concen t r a t i ons  of D H E A  in 
cance r  p a t i e n t s  h a v e  a l r eady  been  r epo r t ed  b y  SONKA 
et  al. 12. Accord ing  to  the  a fo r emen t ioned  concept ,  t he  
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deple t ion of G-6-P by  an unres t r i c t ed  ac t iv i ty  of G-6-PDI-I 
should be corre la ted  wi th  reduced  concen t ra t ions  of 
c -AMP in cancer  t issue. Indeed,  b y  compar i son  of cancer  
t issue and cor responding  normal  t issue, the  concen t ra t ion  
of the  cyclic nucleot ide  in the  fo rmer  t issue t u rned  out  to 
be decreased by  69.7 :~ 16.0%. Again,  t he  indiv idual  
values of e i ther  group exh ib i t ed  subs tan t i a l  var ia t ions  
wi th  levels be tween  0.13 and 2.30 pMol /mg cancer  t issue 
and  0.55 and  3.98 pMol /mg normal  t issue. Therefore  any  
in terac t ion  be tween  D H E A ,  G-6-PDH,  and  c -AMP under  
physiological  condit ions,  sugges ted  in general  for some 
metabol ic  diseases, m a y  very  well also pe r t a in  to special 
tissue. Still, i t  remains  to be seen to w h a t  ex t en t  D H E A  
or its sulfat ide par t i c ipa te  in the  regula t ion of intracel lular  
c -AMP levels, and hence  in cell p ropaga t ion  ~a. 

m a r y  t issue and cor responding  normal  t issue the  G-6- 
P D H  ac t iv i ty  in the  former  t issue grea t ly  exceeded t h a t  
found  in normal  t issue. On the  o ther  hand ,  a r emarkab le  
decrease of to ta l  D H E A  and  c -AMP could be de t ec t ed  
in cancer  t issue, h in t ing  a t  the  pa r t i c ipa t ion  of D H E A  in 
the  int racel lular  regula t ion of G-6 -PDH and  c -AMP levels. 
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S u m m a r y .  W h e n  to ta l  D H E A ,  G-6 -PDH act iv i ty ,  
and  c-AMP were de t e rmined  in h u m a n  neoplas t ic  m a m -  ~a T. POSTERNAK, A. Rev. Pharmac. ld, 23 (1974). 

Ligand-Leakage  in Affinity Chr o ma t ogr aphy:  a Second Note  on the Mathemat ica l  Approach  

E x p e r i m e n t a l  evidence 1 p r o m p t e d  GRIBNAU and 
TESSER 2 to der ive a leakage-funct ion t h a t  describes the  
hydro ly t i c  release (above p H  5) of b ioaff in i ty  l igands 
a t t ached  to Sepharose,  Sephadex  or cellulose by  the  
CNBr method.  

i n  a note  to  the i r  paper ,  THONIa po in ted  out  t h a t  the  
half-l ives and the  t ime course of l igand release can be 
calculated conven ien t ly  f rom t abu l a t ed  Z2-values using 
the  wel l -known relat ion be tween  the  cumula t ive  probabi l -  
i ty  funct ion of the  Poisson-d is t r ibu t ion  and  the  Z 2- 
dis t r ibut ion.  
The der iva t ion  of the  leakage funct ion of GRIBNAU and 
TESSER rests on 4 basic assumpt ions :  a) a t  t ime t := 0 
all l igand molecules are a t t a ched  to the  ma t r i x  by  the  
max ima l  num ber  of bonds,  n, b) the  cleavage of the  l igand- 
ma t r ix  bonds  is pseudo first  order  ( approx imate ly  con- 
s t a n t  OH-- concen t ra t ion  in a buffered solution),  c) all 
bonds  are similar and spli t  wi th  the  same ra te  cons tant ,  
k, d) the  bonds  are spli t  in a consecut ive  order,  i.e., given 
a bond number ing  which  is no t  fu r ther  specified, bond  
2 will be a t t acked  by  O H -  only if bond  1 is c leaved and so 
forth.  

Re ta in ing  assumpt ions  a) to c) let us assume a r a n d o m  
nucleophil ic  a t t ack  of the  h y d r o x y l  ions. This is equ iva len t  
to the  s t a t e m e n t  t h a t  the  cleavage of the  l igand-mat r ix  
bonds  does no t  depend  on number ing .  

If  a is again the  to ta l  l igand concen t ra t ion  (~mole/ml 
wet  gel) and s - t h e  number  of bonds  hydrolyzed ,  t hen  
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Fig. 1. Computed time course (cf. eqn. (4)) of the release of bio- 
affinity ligands attached to insoluble supports by the CNBr method. 

we have,  a t  any  t ime:  a --  c~ + cn 1 + cn 2 + " ' "  + 
cn .~ + . . .  + co (1), co concen t ra t ion  of free ligand. 
The n u m b e r  of d i f ferent  forms of the  l igand species wi th  

bond  (: t = (:)  oms 
kinet ical ly  degenera ted  because of a s sumpt ion  c) th is  is, 
any one of the  remain ing  (n- - s )  bonds  will be a t t acked  
wi th  the  same probab i l i ty  in the  n e x t  step.  

"Writing down the  different ia l  equat ions ,  care m u s t  be 
t aken  of s ta t i s t ica l  factors,  i f  k is the  pseudo  f irs t  o rder  
ra te  cons tan t ,  which  is p ropor t iona l  to the  p robab i l i t y  
of cleavage of a given bond  dur ing  a fixed t ime  interval ,  
t hen  the  p robab i l i t y  t h a t  any  one bond  of the  l igand 
species wi th  n points  of a t t a c h m e n t  will be cleaved is 
p ropor t iona l  to nk. The s ta t is t ica l  factor  for l igands wi th  
n-1 po in t s  of a t t a c h m e n t  is n-1 and so on. 

We can wri te  now:  

dc,~/dt =: nkcn 
dc,,.1/dt ,-.- nkc,,-- (n /)kc,~M 1 
den--z/dr = (n l)kc,, 1-(n 2)/r 2, etc. 

The solut ions to these different ia l  equa t ions  are easily 
found  by  the  procedures  of Bernoull i  or Lagrange4:  

c~, aexp(--nkt) 
c,,- I -- na Eexp(-(n-l)ht) -- exp(-nkt)] 
c,,_ 2 = n(n-1)a/2 Eexp(-(n-2)kt) -- 2exp(-(n-l)kt) + exp(-nkt)~ 

Cn-s = ( : )a  .~' ( : ) ( - - l ) ' - rexp( - (n-r )k t )  (2) 
7 = 0  

I t  follows t h e n  t h a t  the  leakage-funct ion is 

(:)(;) Co/g = 1 - -  ~ (--1) n-r e x p ( - ( n - r ) k t )  (3) 
S ~ O  ~'- 0 

This equa t ion  can be rear ranged  to 

S=I 
k is a measurab le  quan t i ty ,  so t h a t  half-l ives,  r.,~, can  be 
co mp u t ed  f rom : 

1 / 2  ~ ~ (~ ) ( - -1 )  *-1 e x p ( - s k v , , )  (5) 
S=I 
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