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Pregnant case~ 

month IInd-III d month 

1. IInd 4-92 5-88 1-96 
2. IDa  4"05 5-68 1.63 
3. I I I a  4.12 6.92 2.80 

IIId-IX TM month 

4. III(t 
5. I I I a  
6. I V  th 
7. V th 
8. V th 
9. V I  th 

10. V I  o~ 
11. V I  th 
12. V I I  tl~ 
13. V I I  TM 

14. V I I  TM 

15. V I I  TM 

16. V I I  th 
17. V I I I  TM 

18. V I I I t h  
19. I X  ol 
20. I X  th 
21. I X  th 

6.90 
5.45 
5.12 
3.44 
5.06 
6.2O 
7,06 
7-21 
4.69 
4,94 
5.06 
5.45 
7.84 
1-40 
4-78 
4.10 
6-95 
7-72 

7.77 0.87 
5.45 0 
5-95 0-77 
3.44 0 
5.06 0 
7.87 1.67 
7.51 0.45 
6-45 -0 -76  
5:45 0-76 
5.86 0.76, 
5,57 0-51 
6.32 0-83 
7-97 0-13 
2-16 0-76 
4.78 0 
4,10 0 
6.95 0 
7.20 - 0 . 5 2  

Average ( I I I ~ - I X  *h m o n t h ) :  0.31 

a c t i o n  of t h e  foetal p a n c r e a s  c o n t r i b u t i n g  w i t h  i t s  i n s u l i n  
p r o d u c t i o n  to  t h e  s u g a r  m e t a b o l i s m  of t h e  m o t h e r .  Tiffs 
e x p l a n a t i o n  c a n n o t  be  r e g a r d e d  as s a t i s f a c t o r y .  O u r  
r e s u l t s  s p e a k  : in  f a v o u r  of t h e  a s s u m p t i o n  t h a t  t h e  
s e c r e t i o n  of d i a b e t o g e n i c  h o r m o n e  is g r e a t l y  d i m i n i s h e d  
in  p r e g n a n c y  a f t e r  t h e  t h i r d  m o n t h ,  a n d  t h a t  t h i s  is t h e  
cause  of a m e l i o r a t i o n  of d i a b e t e s  in  p r e g n a n c y .  

A. G6XH, G. BIKICH, H.  HARMATIt 

St .  JAnos  H o s p i t a l ,  Med ica l  D e p a r t m e n t  I ,  B u d a p e s t ,  
F e b r u a r y  28, 1947. 

Rdsumd 
6 h e u r e s  ap r6s  l ' a b s o r p t i o n  de  gra i sse  e t  d ' a l b u m i n e ,  

on  cons~a te  d u n s  le s a n g  u n e  a u g m e n t a t i o n  de  la  con-  
c e n t r a f f o n  des  s u b s t a n c e s  qu i  f i x e n t  le b i su t f i t e .  Cc t t e  
a u g m e n t a t i o n ,  d u e  ~ des  c o m b i n a i s o n s  c6 ton iques ,  ne  
se p r o d u i t  pus  p e n d a n t  la  grossesse  ~. p a r t i r  d u  3 me 
ou  d u  4 me mois .  E l l e  fa i r  auss i  ddfau t ,  duns  c e r t a i n s  
cas,  p e n d a n t  la  l a c t a t i o n .  D u  m o m e n t  q u e  l ' a u g m e n -  
t a t i o n  d e l a  t e n e u r  d u  s a n g  en  b i su l f i t e s  ne  se p r o d u i t  
pa s  n o n  plus  lors  d ' t i ne  d6f ic ience  d u  lobe  a n t f r i e u r  de 
l ' h y p o p h y s e ,  il s e m b l e  que  l ' o n  e n  p e u t  conc lu re  q u e  
d u r a n t  la  gmssesse  la  s6cr6 t ion  de  l ' h o r m o n e  d i a b 6 t o -  
g 6 n i q u e  d u  lobe  a n t 6 r i e u r  es t  f o r t e m e n t  d i m i n u 6 e  ou  
q u e  Yac t ion  d e  celle-ci e s t  cn ray6e .  

T h e  M e c h a n i s m  o f  t h e  B i o c h e m i c a l  
A c t i v i t y  o f  A c r i d i n e s  

I n  t w o  p r e c e d i n g  p a p e r s  I we h a v e  s h o w n :  (1) t h a t  
a c r i d i n e s  ( a n d  bas ic  dyes  in  genera l )  i n h i b i t . t h e  r e sp i r a -  
t i o n  a n d  t h e  g r o w t h  of b a k e r ' s  y e a s t ;  (2) t h a t  t h e  in-  

1 L. MASSART, G. PEETI~RS, J.  DE LEY, and R. VERCAUTEREN, 
Exper. 3, 119 (1947); 3, 154 (1947). 

h i b i t i o n  of  r e s p i r a t i o n  c a n  be  r eve r sed  n o t  o n l y  b y  means 
of nuc le ic  ac id  a n d  of nuc leo t ides ,  b u t  also b y  means 
of sal ts .  Th i s  p a p e r  offers  a n ' e x p l a n a t i o n  of  t h e  above  
s t a t e d  fac t s .  

I n  f i r s t  i n s t a n c e  we h a v e  n o w  p r o v e d  t h a t  acr idines  
a re  b o u n d  b y  t h e  n u c l e o p r o t e i d s  of t h e  y e a s t  cell; 
indeed ,  we were  ab le  to  show t h a t  d r i ed  a n d  alcohol- 
f ixed  y e a s t  cells a re  no  longer  co lored  b y  ac r id ine s  af ter  
t r e a t m e n t  w i t h  c r i s t a l l i ne  r i bonuc l ea se .  

T h e  b i n d i n g  of  a c r i d i n e s  ( a n d  0~her  bas ic  dyes) is 
b a s e d  u p o n  t h e  f o r m a t i o n  o f  a n  e l ec t ro - adso rp t i on  
c o m p l e x  b e t w e e n  t h e  n e g a t i v e l y  c h a r g e d  nuc leopro te ids  
a n d  t h e  a c r i d i n e  ions.  W e  can  r e p r e s e n t  s u c h  Complexes 
as  fol lows:  

(NP x-) (x acri+). 

T h a t  such  c o m p l e x e s  a re  r ea l ly  .bui l t  c a n  be  shown 
r e a d i l y  b y  d e s o r p t i o n  e x p e r i m e n t s  b y  m e a n s  of d i f ferent  
ca t ions ,  s u c h  as  H +, Na+,  Ng++ ,  AI+++. I n  o u r  experi-  
m e n t s  we p r o c e e d e d  in t h r e e d i f f e r e n t  w a y s :  

(1) On  a series  of w a t c h  glasses  we p u t  0,1 ml  of a 1% 
s u s p e n s i o n  of b a k e r ' s  y e a s t ;  we d r y  i t  a t  a t e m p e r a t u r e  
be low 7 0 ° C ,  f ix  i t  d u r i n g  10 m i n u t e s  b y  m e a n s  of 
a lcohol  a n d  s t a i n  w i t h  a c r i d i n e s  ( t r y p a f l a v i n e )  ; t h e n  we 
w a s h  w i t h  a l c o h o l  u n t i l  t h e ~ v a s h i n g  ' f luid is colorless. 
T h e  p r e p a r a t i o n s  t h u s  s t a i n e d  lose t h e i r  color  par t ia l ly  
or  c o m p l e t e l y  W h e n  t r e a t e d  w i t h  d i f f e r en t  s a l t  solutions,  
in  w h i c h  t h e  c a t i o n  is t h e  a c t i v e  a g e n t .  W e  h a v e  found 
t h a t  t h e  p o w e r  of t h e  c a t i o n s  to  w a s h  o u t  t h e  acr idines  
d e p e n d s  on  t h e i r  va lence .  T h e  p o s i t i o n  of t h e  hydrogen  
ion is, h o w e v e r ,  a n  o u t s t a n d i n g  one.  

W e  a d m i t  t h a t  w h e n  Mg- ions  a r e  e m p l o y e d  to  wash 
o u t  t h e  ac r id ines ,  a n e w  ~ o m p l e x  is b u i l t  s u c h  as: 

T h i s  m e a n s  t h a t  in  t h e  a d s o r p t i o n  c o m p l e x e s  we 
a d m i t  t h e  poss ib i l i t y  of  a c o m p e t i t i o n  b e t w e e n  cations,  
a n d  t h a t  m i x e d  c o m p l e x e s  ex i s t  s u c h  as :  

\ A I + + +  

x p o s i t i v e  c h a r g e s .  

I t  is to  be  reca l led  t h a t  h e r e M A c  CAI~LA i p r o v e d  the 
ex i s t ence  of a c o m p e t i t i o n  b e t w e e n  di f fe ' rent  ca t ions  in 
c o m p l e x e s  f o r m e d  b e t w e e n  n e g a t i v e l y  c h a r g e d  bacter ia l  
cells a n d  ca t ions .  

(2) W e  h a v e  s t a i n e d  d r i ed  a n d  a lcohoi - f ixed ,  y e a s t  cells 
on  t h e  one  side w i t h  ac r id ines  (or o t h e r  bas ic  ~ dyes) and 
on  t h e  o t h e r  w i t h  ac r id ine  so lu t i ons  c o n t a i n i n g  different  
c o n c e n t r a t i o n s  ,of d i f f e r e n t  c a t i o n s  (H +, N a  +, Mg ++, 
AI+÷+); we h a v e  t h e n  iI~easured t h e  a m o u n t  of acr idine 
f ixed  in t h e  t w o  cases.  W e  h a v e  f o u n d  t h a t  t h e  same 
laws a p p l y  as in  t h e  f i r s t  ser ies  of e x p e r i m e n t s ;  t h a t  is 
to  say,  in  t h e  pre~enee  of cat~gns no  or . l e ss  ac r id ine  is 
b o u n d ,  a n d  t h e  v a l e n c e  of t h e  c a t i o n  ( excep t  for  H +) is 
t h e  d e t e r m i n i n g  fac to r .  

(3) W i t h  l i v ing  y e a s t  cells t h e  s a m e . f a c t s  were  ob- 
se rved .  "~e  h a v e  t r e a t e d , l i v i n g  y e a s t  Cells w i t h  acridines 
in  t h e  p r e s e n c e  a 'nd in  t h e  a b s e n c e  of d i f feref i t  cations.  
A f t e r  c e n t r i f u g i n g  t h e  color  of t h e  s t i p e r n a t a n t  fluid 
was  d e t e r m i n e d .  

1 MAC CALLA: stated by G. B. VCrsLoe)¢l, Physiol. Prey. Z6, 3 
(194a). 
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In  a n o t h e r  series of expe r imen t s  we were  able  to  show : 
(a) t h a t  t he  same  laws as those  s t a t ed  above  app ly  also 
to the  t a k i n g  up of o the r  basic dyes  by  dr ied  and by  
living yeas t  cells; (b) t h a t  ca t ions  h a v e  the  same ac t ion  
upon the  tal4ing up of acr idines  by  o the r  basophi l ic  
substances,  such as mucines .  

I t  is to  b e  r e m e m b e r e d  here  t h a t  BANK and  BUNGEN- 
BERG DE, JONG 1 showed  t h a t  t he  m e t a c h r o m a s y  of 
chondroi t ine  sul fa te  and  o the r  nega t i ve  colloids disap-  
pears or  d iminishes  in t he  presence  of ca t ions  and a d m i t  
the exis tence  of e l ec t ro -adsorp t ion  complexes .  

F r o m  our  e x p e r i m e n t s  i t  fol lows t h a t  basoph i ly  is due 
to the  f o r m a t i o n  of adsorp t ion  complexes  such as: 

(BS  x-) (xD +) 

in which B S  represen t s  t he  basophi l ic  subs tance  and  D 
the dye.  

In  the  l igh t  of our  researches  and  t a k i n g  in to  accoun t  
the wel l -known hypothes i s  t h a t  r ibonuc leopro te ids  are  
necessary for synthes is  of p ro te ins  (BRACHET-CASPERS- 
so~), i t  is logical  to  a d m i t  t h a t  basic dyes inh ib i t  t h e  
growth of mic ro-organ i sms  because  t h e y  t a k e  the  p lace  
of a necessa ry  ca t ion  in t he  e l ec t ro -adsorp t ion  com-  
plexes ex is t ing  in t he  cell  be tween  the  nuc leopro te ids  
and phys io logica l  cat ions .  F r o m  the i r  expe r imen t s ,  
ALBERT et al. 2 conc lude  t h a t  t he  tox ic  ac t ion  of acr id ines  
can be exp la ined  by  a c o m p e t i t i o n  be tween  acr id ine  
ions and  hyd rogen  ions. Our  researches  ind ica te  t h a t  
this c o m p e t i t i o n  t akes  p lace  in an  adsorp t ion  c o m p l e x ;  
we can r ep resen t  th is  c o m p e t i t i o n  as follows 

( N P  x-) (xH+). 
+ 

acri+ 

The hypo thes i s  t h a t  an t ib io t i cs  o p t i m a l l y  ac t ive  in 
an a lkal ine m e d i u m  (e. g. s t r ep tomyc ine )  exer t  t he i r  
ac t iv i ty  t h r o u g h  a c o m p e t i t i o n  be tween  the  an t ib io t i c  
and hyd rogen  ions has been  a d v a n c e d  3. We  rep resen t  
this c o m p e t i t i o n  as fol lows:  

(NP  x-) (xH +) 
+ 

ca t ion  of t he  an t i -b io t ic .  

In  a p reced ing  pape r  4.we p roved  t h a t  ca t ions  are  ab le  
to reverse  t he  inh ib i t ion  of t he  resp i ra t ion  of baker ' s  
yeast  caused by  acr id ines  and o the r  basic dyes.  We  
admit  t h a t  th is  reversa l  is also due to c o m p e t i t i o n  be- 
tween the  dye  and  cat ions,  or  w h a t  is t he  same,  t he  
inhibit ion of resp i ra t ion  caused by  basic dyes  is due to  
the fact  t h a t  t h e y  replace  ce r ta in  ions in a ca t a ly t i ca l ly  
active e l ec t ro -adsorp t ion  complex .  Of course here we 
must no t  t h i n k  of nuc leoprote ids ,  as t h e y  do not  p l a y  
any role in respi ra t ion ,  b u t  r a the r  of enzymes  a c t i v a t e d  
by a dissociable meta l l ic  ion. H e r e  we t h i n k  more  espe- 
cially of phosphopherases ,  because  t h e y  are  basophi l ic  
and are a c t i v a t e d  in an  aspecif ic  w a y  by  Mg-ions. T h e y  

1 0. BANK and H. G. BUNGENBERG DE JONG, Protoplasma 32, 
4s9 (1~39). 

z A. ALBERT, S. RUBBO, R. GOLDAERE, and Y. STONE, Brit. J. 
exp. Path. 26, 160 (1945). 

3 E. CHAIN, Lecture at the University of Ghent on April 27th, 
1947. 

4 L. ~IASSA.RT, G. PEETERS, J.D'E LEY, and R. VERCAUTEREN, 
Exper. 3, 154 (1947). 

migh t  be i n a c t i v a t e d  by  a compe t i t i on  be tween  the  
Mg-ions and  the  basic dyes :  

(Phosphopherase  x- )  (X--Mg++) 
\2 "4 /" 

acri+ 

I t  is t e m p t i n g  to surmise  t h a t  enzymes  a c t i v a t e d  in 
an aspecif ic w a y  by  Mg++ and  o the r  b iva l en t  ions owe 
the i r  a c t i v i t y  to  t he  fo rma t ion  of e l ec t ro -adso rp t ion  
complexes ,  such as: 

( E n z y m e  x-)  ( 2 M g H ) .  

I t  is i m p o r t a n t  to  s t a t e  t h a t  a t  l ea s t  two  enzymes ,  
known  to be  a c t i v a t e d  by  Mg-ions,  are o p t i m a l l y  ac t ive  
in an  a lka l ine  m e d i u m  and are  inh ib i t ed  by  acridines.  
This  is t he  case for a lkal ine  phospha t a se  1 and for 
chol ines te rase  ~ : 

( E n z y m e  x-)  (X--Mg++~ \ 2 +  / 
acri + 

The  fac t  t h a t  t he  adso rp t ion  c o m p l e x  con ta in ing  
Mg ++ or  o the r  b i v a l e n t  ions shows an e n z y m a t i c  ac- 
t i v i t y  m i g h t  be exp la ined  by  a we l l -known hypothes i s  
of a lka l ine  p h o s p h a t a s e  ac t iv i ty ,  so t h a t  Mg-ions are  
responsible  for the  b ind ing  of t he  subs t ra te .  The  ad-  
sorp t ion  complex  con ta in ing  the  acr id ine  ion would  be 
an  e n z y m a t i c  inac t ive  one, as t he  large organic  ion does 
no t  possess t he  same proper t ies  as t he  smal l  anorgan ic  

i°na" L. ~V[ASSART, G. PEETERS, J .  DE LEY, 
t{. VERCAUTEREN, a n d  A.  VAN HOUCKE 

Biochemica l  L a b o r a t o r y  and P h a r m a c o l o g i c a l  Lab-  
o r a to ry  of t he  V e t e r i n a r y  College, U n i v e r s i t y  of Ghent ,  
Mai 12, 1947. 

Rdsumd 
Les acr id ines  f e r m e n t  avec  les nucl~oprot~ides  des 

levures ,  des complexes  61ectro-adsorptifs .  Le pouvo i r  
bac te r ic ide  des acr idines  s ' exerce  pa r  une  comp6t i t i on  
en t re  les ion H + de ce c o m p l e x e  et l ' i0n  acr idine.  Dif-  
f6rents  enzymes  act iv6s pa r  des ions m6ta l l iques  d o i v e n t  
l ea r  ac t iv i t6  c a t a l y t i q u e  an mSme t y p e  de complexes .  
Les acr idines  inh ibcn t  ces enzymes  parce  qu ' i l s  d6- 
p l acen t  le ca th ion  m6ta l l ique .  

1 R. IWATSURI and K. NANGO, Bioch. Z. 3ol, 15 (1989). 
2 L. MASSART and R. DUFAIT, Enzymologia 9, 364 (1941). 

Full details of our experinlents will be published elsewhere. 
Tiffs research was aided by a grant  of tile Ella Sachs Plotz FouBd- 

ation. 

Acridines and Streptomycine 

In  a p reced ing  pape r  1, we h a v e  s l lown t h a t  acr idines  
in te r fe re  w i t h  t he  ,growth  of mic ro -o rgan i sms  because  
t h e y  c o m p e t e  w i t h  phys io logica l  c a t i o n s ,  more  espe- 
cial ly h y d r o g e n  ions ,  in e lec t ro-adsorpt iof l  comii lexes .  
These  complexes ,  when  s a t u r a t e d  wi th  h y d r o g e n  ions,  
can  be wr i t t en :  

(NP x-) (x H+), 
+ 

acri + 

where  N P  s tands  for n u c l e o p r o t e i d s .  

1 L. ~IASSART, G. PEETERS, J. DE LEY', R. VERCAUTEREN, and 
A. VAN HOUCKE, Exper. 3, ~288 (1947). 
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