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The  m e c h a n i s m  b y  wh ich  P A B A  inc reased  t h e  a c t i v i t y  
of i soniz id  is st i l l  u n k n o w n .  I t  was,  howeve r ,  sugges ted  b y  
KUBALA 4 t h a t  t h i s  m i g h t  h a v e  b e e n  exp lMned  b y  com-  
p e t i t i v e  a c e t y l a t i o n  of P A B A  i n s t e a d  0f i soniazid ,  w h i c h  
was k n o w n  to  ope ra t e  in vivo ~ a n d  u n d o u b t e d l y  cou ld  
h a v e  occur red  also in  t he  cond i t i ons  in vitro. 

T h e  re l iab i l i ty  of t h i s  h y p o t h e s e  was  f i rs t  checked  in a n  
e x p e r i m e n t  whe re  t he  synerg i s t i c  in f luence  of b o t h  P A B A  
a n d  4 -ace t amido -benzo i c  ac id  (Ac-PABA)  on t h e  iso- 
n iaz id  a c t i v i t y  was  c o m p a r e d .  

T h e  s t r a i n s  Mycobacterium 607 a n d  H 37 R v  were  m a i n -  
t a i n e d  b y  ser ia l  passages  on  t h e  sur face  of t h e  P r o s k a u e r -  
Beck  s y n t h e t i c  l iqu id  m e d i u m  w i t h o u t  a l b u m i n e  or  s e rum.  
T h i s  m e d i u m  (pH 6.8) w as  d i s t r i b u t e d  in 50.0 rnl a m o u n t s  
in  250 ml  E r l e n m e y e r  f lasks,  to  w h i c h  i son iaz id  Mone or  
w i t h  e i t h e r  IOABA or  A c - P A B A  was  a d d e d ,  a n d  seeded  
w i t h  one  loop of a 7-days  old  c u l t u r e  of  the  M. 607 s t r a i n  
or  a 14-days  old cu l t u r e  of t h e  H 3 7 R v  s t ra in .  I son iaz id  
was s in te r - s t e r i l i zed  a n d  a d d e d  asep t i ca l ly  to  t h e  m e d i u m ,  
P A B A  a n d  A c - P A B A  were a d d e d  to  t h e  m e d i u m  before  
au toc l av ing .  All e x p e r i m e n t s  were  r u n  in four  para l l e l  

c h r o m a t o g r a p h y .  The  c h r o m a t o g r a m s  were  r u n  ascend-  
e n t l y  on  No. 3 W h a t m a n  p a p e r  w i t h  use  of n - p r o p a n o l ,  
wa te r ,  a n d  a m m o n i a  s o l v e n t  (50 : 38 : 12). A c - P A B A  was  
h y d r o l y s e d  on  t h e  p a p e r  b y  s p r a y i n g  w i t h  10% h y d r o -  
chlor ic  ac id  a n d  expos ing  i t  for 10 m i n  ove r  bo i l ing  w a t e r .  
T h e  spo ts  were d e t e c t e d  b y  d i p p i n g  t h e  p a p e r  i n t o  t h e  
E h r l i c h  r e a g e n t  w i t h  a ce tone  8. 

Our  a t t e m p t s  to  d e m o n s t r a t e  A c - P A B A  in cu l t u r e  
f i l t r a tes  of b o t h  s t r a i n s  r ema ined ,  however ,  nnsuccessful l .  
T h u s  we m a y  c6nc lude  t h a t  u n d e r  t h e  cond i t i ons  of ou r  
e x p e r i m e n t  P A B A  is  n o t  a c e t y l a t e d  b y  e i t he r  s t r a i n  in 
vitro, a n d  t h e  c o m p e t i t i v e  a c e t y l a t i o n  h y p o t h e s i s  of in-  
c reas ing  t h e  b a c t e r i o t r o p i e  e f f e c t  of  i soniaz id  in t h e  
p re sence  of P A B A  c a n  h a r d l y  be  m a i n t a i n e d .  

Our  e x p e r i m e n t s ,  howeve r ,  h a v e  s h o w n  t h a t  A c - P A B A  
does  n o t  inc rease  t h e  effect  of i soniazid  on  e i t h e r  of t h e  
s t r a i n s  used. T h u s  we m a y  sugges t  t h a t  in vivo, where  
a c e t y l a t i o n  of I ' A B A  u n d o u b t e d l y  t akes  place,  t h e  com-  
b i n a t i o n  of i soniaz id  a n d  P A B A  will p r o b a b l y  b e  no  more  
ef fec t ive  t h a n  isoniazid  alone,  e x c e p t  p e r h a p s  w i t h  v e r y  
h i g h  doses of P A B A .  Th i s  sugges t ion  h a s  b e e n  ver i f ied  7. 

Table I 

Concentration Dry weight of 
Drug in ptg/ml bacteria in g~,b 

Control 
PABA 
Ac-PABA 
Isoniazid 
Isoniazid + PABA 
Isoniazid + Ac-PABA 

200 
260 e 

1 
1 + 200 
1 + 260 

0.5424 
0.5290 
0.5513 
0.0692 
0.0316 
0.0888 

L Strain Mycobacterium 607. 
b Mean value from four parallel flasks. 

Equimolar amount to 200 ~tg of PABA. 

Table II 

Concentration Dry weight of 
Drug in [xg]ml bacteria in g~,b 

Control 
PABA 
Ac-PABA 
Isoniazid 
Isoniazid + PABA 
Isoniazid + Ac-PABA 

200 
260 e 

0.05 
0.05 + 200 
0.05 +260  

0.2933 
0.2849 
0.2906 
0.0581 
0.0333 
0.0599 

Strain H37Rv. 
b Mean value from four parallel flasks. 

Equimolar amount to 200 ~xg of PABA. 

flasks.  Af t e r  7 d a y s  i n c u b a t i o n  a t  37°C for  t h e  M, 507 
s t r a i n  or  14 days  i n c u b a t i o n  for  t h e  H 3 7 R v  s t r a i n  al l  
cu l tu re s  were  a u t o c l a v e d  a n d  t h e  b a c t e r i a l  mass  was  
s e p a r a t e d  b y  f i l t r a t i on  f rom t h e  m e d i u m .  F u r t h e r  de-  
sc r ip t ion  of t h e  m e t h o d  m a y  be  found  e lsewhere  ~. Con- 
c e n t r a t i o n s  of t h e  d rugs  as well  as resu l t s  of t he  exper i -  
m e n t s  are  s u m m a r i z e d  in  T a b l e  I a n d  I I .  

I t  m a y  b e  seen f rom b o t h  Tab le s  t h a t ,  in  b o t h  t h e  
M. 607 or t h e  H 37 R v  s t ra in ,  A c - P A B A  was  inef fec t ive  in  
i nc rea s ing  t h e  t u b e r c u l o s t a t i e  p r o p e r t i e s  of i soniazid ,  
whe rea s  P A B A  s h o w e d  t h e  p r e v i o u s l y  desc r ibed  . syn -  
ergis t ic  in f luence  on  t he  isonizid  a c t i v i t y .  These  resu l t s  
a p p e a r  to  offer  some  ev idence  in  f a v o u r  of t h e  afore  
m e n t i o n e d  c o m p e t i t i v e  a c e t y l a t i o n  hypo thes i s .  N e v e r t h e -  
less, a d i r ec t  p roof  bf  a c e t y l a t i o n  of e i t he r  i son iaz id  or  
P A B A  b y  m y c o b a c t e r i a l  cu l tu re s  in vitro was de f in i t e ly  
needed .  I t  is d i f f icul t  t o  t r ace  a e e t y l a t e d  i soniazid  u n d e r  
t h e  cond i t ions  of ou r  e x p e r i m e n t s .  W e  a t t e m p t e d  the re -  
fore to  p r o v e  t h e  f o r m a t i o n  of A c - P A B A  f rom P A B A  in 
m y c o b a c t e r i a l  cu l tu re s  in vitro. 

T h e  P r o s k a u e r - B e c k  m e d i u m  ( p H 6 . 8 ) ,  t o  w h i c h  
200.0 ~g of P A B A  pe r  m l  were  a d d e d  before  a u t o c l a v i n g  
was  d i s t r i b u t e d  in  E r l e n m e y e r  f lasks  a n d  seeded  as  de-  
sc r ibed  above .  Af t e r  i n c u b a t i o n  for  t h e  a f o r e - m e n t i o n e d  
t i m e  in t e rva l s ,  t h e  cu l tu re s  of b o t h  s t r a i n s  were a u t o -  
c l aved  a n d  t h e  b a c t e r i a l  mass  was  s e p a r a t e d  b y  f i l t r a t i o n  
f rom the  m e d i u m .  The  f i l t ra tes ,  e ach  t i m e  f rom a con t ro l  
m e d i u m  a n d  f rom t h e  m e d i u m  w i t h  P A B A ,  were  f u r t h e r  
i n v e s t i g a t e d  as to  t h e i r  c o n t e n t  of A c - P A B A  b y  p a p e r  

Zusammen[assung. 4-Ace taminobenzoesXure  h a t  in vitro 
im  U n t e r s c h i e d  zu 4-Aminobenzoes~iure ,  k e i n e n  g i ins t igen  
Einf luss  a n t  die a n t i t u b e r k u l o t i s e h e  ~¥ i rkung  y o n  Iso-  
niazid .  Bei  den  S t i i m m e n  Mycobacterium 607 u n d  H 37 R v  
w u r d e  j e d o c h  c h r o m a t o g r a p h i s c h  ke ine  B i l d u n g  ace ty -  
l i e r te r  4 -Aminobenzoes~u re  nachgewiesen .  

~.. TJRBAN~fK, P. KRAUS, 
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Tuberculosis Research Institute, Prague-Bulovka (CSR), 
September 28, 1960. 
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I s o n i a z i d  and 4 - A m i n o b e n z o i c  Ac id  
in the  T r e a t m e n t  of M u r i n e  T u b e r c u l o s i s  1 

As s h o w n  p rev ious ly ,  4 - a m i n o b e n z o i c  ac id  (]?ABA) in-  
c reases  t h e  t n b e r c u l o s t a t i c  a c t i v i t y  of i son iaz id  in vitro ~. 
I t  was  n o w  of i n t e r e s t  to  i n v e s t i g a t e  t h e  ef fec t  of iso- 
n iaz id  c o m b i n e d  w i t h  P A B A  in t he  cond i t i ons  in vivo. 

1 Part of these experiments was performed in the Institute of Micro- 
biology, University of Brno. 

2 R. URBAN~iK, Airier. Rev. Tuberc. 76, 706 (1957). 
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No. of 
mice 

12 
10 
13 
11 

13 
11 
12 
12 

13 
10 
15 
14 

I Group 

Control 
PABA 
INH 
I N H  + PABA 

Control 
PABA 
INH 
INH + PABA 

Control 
PABA 
INH 
I N H  + PABA 

Dosage [ 

0.5 mg 
100/~g 
100/ ,g  

+ 0.5 mg 

1.0 mg 
100/~g 
100/ lg  

+ 1.0 mg 

3.0 mg 
100 t~g 
100/~g 

+ 3.0 mg 

STso 

19.4 
16.5 
36.0 

38.2 
13.1 
10.3 
30.6 

29.6 
15.6 

8.9 
22.2 

30.9 

99% confidence 
interval b 

3 3 . 0 4 < ~ < 3 8 . 9 6  

3 5 . 5 8 < ~ < 4 0 . 7 8  

2 2 . 1 1 < ~ < 3 9 . 2 1  

2 1 . 2 8 < ~ < 2 3 7 . 8 8  

1 8 . 1 5 < p < 2 2 6 . 1 1  

2 8 . 2 6 < : ~ < 3 3 . 5 8  

Median survival time expressed in days. 
Calculated with use of the t-test and expressed in days. 
To all mice in all control groups plain saline was adminis- 
tered daily substaneously for 14 days. 

W h i t e  mice of t h e  'H" s t r a in ,  we igh ing  16 to  20 g were  
in fec ted  i n t r a v e n o u s l y  w i t h  0.5 ml  of a 10-days  old D u b o s  
cu l tu re  of t he  H 3 7 R v  s t r a i n  of M .  tuberculosis. T h e  
a n i m a l s  were  a lways  d i s t r i b u t e d  b y  r a n d o m  selec t ion i n t o  
g roups  of a t  l e a s t  10 mice  a n d  were  fed in  t h e  course  of t h e  
t r e a t m e n t  w i t h  rolls a n d  w a t e r  ad libitum. T h e  t h e r a p y  
was  s t a r t e d  t he  d a y  a f t e r  t h e  in fec t ion  a n d  l a s t ed  14 days .  
I son iaz id  a n d  P A B A  a were  a d m i n i s t e r e d  s u b c u t a n e o u s l y ,  
e a c h  of t h e m  s e p a r a t e l y  in  one  da i ly  dose. T h r e e  sets  of 
e x p e r i m e n t s  were  p e r f o r m e d  a t  d i f f e ren t  t i m e  in te rva l s ,  
e ach  of t h e m  w i t h  a d i f fe ren t  dose of P A B A .  T he  m e d i a n  
s u r v i v a l  t i m e  was  r eg i s t e red ;  t h e  resul ts ,  w h i c h  were  
a n a l y s e d  w i t h  use  of t h e  t - tes t  4, are  s u m m a r i z e d  in t h e  
Table .  

I t  m a y  be  seen t h a t  w i t h  0.5 m g  or  1.0 m g  of P A B A  no 
increase  cou ld  b e  obse rved  in  t h e  t h e r a p e u t i c  a c t i v i t y  of 
isoniazid ,  if c o m p a r e d  w i t h  t h e  t h e r a p e u t i c  ef fec t  of iso- 
n iaz id  a lone.  T h e r e  is, howeve r ,  a s t a t i s t i c a l l y  s ign i f i can t  
d i f ference  in t h e  t h e r a p e u t i c  a c t i v i t y  of i soniazid  c o m b i n e d  
w i t h  3.0 m g  of P A B A ,  if c o m p a r e d  w i t h  i soniazid  alone.  

T h e  m e c h a n i s m  of t h i s  p h e n o m e n o n  is n o t  clear.  I t  h a s  
b e e n  sugges t ed  t h a t  t h i s  inc rease  in  a c t i v i t y  of i soniaz id  in  
t h e  p re sence  of P A B A  m i g h t  be  a t t r i b u t e d  to  t h e  com-  
pe t i t i ve  a c e t y l a t i o n  of P A B A  i n s t e a d  of isoniazid ,  w h i c h  
is k n o w n  to  o p e r a t e  in vivo s, b u t  cou ld  no t  be  p r o v e d  to  
t a k e  place  in vitro e. T h e r e  are,  however ,  some  sugges t ions  
t h a t  P A B A  c a n n o t  b e  a c e t y l a t e d  b y  t u b e r c u l o u s  a n i m a l s  L 
T h u s  t h i s  q u e s t i o n  s t i l l  r e m a i n s  open.  

As d i scussed  in  a p r ev ious  c o m m u n i c a t i o n  s, P A B A  de-  
creases  t h e  m e d i a n  s u r v i v a l  t i m e  of t u b e r c u l o u s  mice.  
Th i s  p h e n o m e n o n ,  for  w h i c h  we st i l l  h a v e  n o  e x p l a n a t i o n ,  
m a y  r ead i ly  b e  o b s e r v e d  in  t h e  T a b l e  p re sen t ed .  

ZusammenJassung. Bei  der  M~tusetuberkulose  w a r  die 
k o m b i n i e r t e  T h e r a p i e  y o n  I son iaz id  m i t  4 -Aminobenzoe -  
s/iure ( P A B A )  (3 r ag /Tag /T ie r )  w i r k s a m e r  a ls  d ie jen ige  
yon  I son iaz id  al lein.  Be i  n i ed r ige re r  P A B A - D o s i s  w u r d e  
de r  S y n e r g i s m u s  n i c h t  nachgewiesen .  

P A B A  al le in  ve rk i i r z t  die m i t t l e r e  l~ber lebensze i t  bei  
t u b e r k u l 6 s e n  M~usen.  

R. URBAN~IK, Z. gIM/~NE, 
P. KRAUS, a n d  I. REI5  

Tuberculosis Research Institute, Prague-Bulovka (CSR),  
September 29, 1960. 

Sodium salt of PABA, produced as 'Paraminan'® by R. GXLLtER, 
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s j .  C. BELL, D. K. RIEMENSNIDER, and R. S. MITCHELL, Amer. Rev. 
Tuberc. 76, 152 (1957). 

6 R. URBAN6iK, P. KRACS, and Z. SL~t~S~., Exper. 17, 83 (1961). 
S. P. MARTIN, S.N. CHAUm~URb C. D. COOeER, and R. GREES, 
elba Foundation Symposium on Experimental Tuberculosis (1955), 
p. 102. 

s R. UR~a~6iK, Jap. J. Toberc. 6, 95 (1958). 

~ b e r  d ie  B i n d u n g  y o n  K a l l i d i n  a n  H e p a r i n  

N a c h  I r i iheren  B e o b a c h t u n g e n  1,3 b i l d e t  H e p a r i n  m i t  
H i s t a m i n  eine n i c h t d i a l y s i e r b a r e  V e r b i n d u n g ,  in  de r  die 
be iden  Stoffe m i t  grtSsster "Wahrsche in l i ehke i t . auch . in  den  
Mastze l len  gespe iche r t  s ind  8. W i r  h a b e n  n u n  fes tgeste l l t ,  
dass  a u e h  das  P o l y p e p t i d  Ka l l id in ,  das  c h e m i s e h  u n d  
p h a r m a k o l o g i s c h  yon  B r a d y k i n i n  n i c h t  u n t e r s c h e i d b a r  
is t  4, m l t  H e p a r i n  6 e inen  u n d i a l y s i e r b a r e n  K o m p l e x  b i l d e t  
u n d  wie H i s t a m i n  d u r c h  die V e r b i n d u n g  48/80 wieder  frei- 
gese tz t  werden  k a n n .  Der  K a l l i d i n - H e p a r i n - K o m p l e x  i s t  
a u c h  aus  sehr  v e r d i i n n t e r  L 6 s u n g  d u t c h  Alkoho l  f~l lbar .  

Bei  d e r  s t e h e n d e n  Dia lyse  w~isseriger K a l l i d i n l 6 s u n g e n  
d u r c h  C e l l o p h a n m e m b r a n e n  (Vo lumenve rh i i l t n i s  I n n e n -  
zu A u s s e n d i a l y s a t  z u m  Beispiel  1:4)  f inder  m a n  u n t e r  
u n s e r e n  V e r s u c h s b e d i n g u n g e n  ~ a u c h  in A b w e s e n h e i t  y o n  
H e p a r i n  n a c h  24 h n i c h t  wie e n v a r t e t  80% Ka l l i d in  a u s s e n  
u n d  20% innen ,  s o n d e r n  n u r  e t w a  10% aussen  u n d  0 %  
innen.  Das  Ka l l i d in  is t  n i c h t  zers t6r t ,  s o n d e r n  a n  die Cello- 
p h a n m e m b r a n  a d s o r b i e r t  u n d  k a n n  d u r c h  E l u t i o n  de r  zer- 
s c h n i t t e n e n  M e m b r a n  m i t  n - N H  3 w i e d e r g e w o n n e n  werden .  

I n  G e g e n w a r t  y o n  H e p a r i n  (bis zu r  u n t e r e n  Grenze  yon  
2,5 I E  H e p a r i n  p ro  1 E i n h e i t  Kal l id in)  f i nde t  s ich  die ge- 
s a m t e  e ingese tz te  K a l l i d i n m e n g e  i m  I n n e n d i a l y s a t .  Dies 
besag t ,  dass  die D i s s o z i a t i o n s k o n s t a n t e  de r  Ka l l id in -  
H e p a r i n - V e r b i n d u n g  i iussers t  n iedr ig  se in  muss ,  wel l  an -  
de rnfa l l s  n a c h  e in igen  S t u n d e n  da s  Ka l l i d in  t r o t z  d e r  
G e g e n w a r t  v o n  H e p a r i n  a n  die C e l l o p h a n m e m b r a n  adsor-  
b ier t  sein mfisste .  Da  die biologische A k t i v i t i i t  des Kall i -  
d ins  in  se iner  B i n d u n g  a n  H e p a r i n  n i c h t  bee in t r i i ch t ig t  ist,  
e r fo tg t  die A n l a g e r u n g  des Ka l l id ins  so, dass  zwar  die Dif- 
fusion,  n i c h t  a b e r  die A n l a g e r u n g  a n  den  R e z e p t o r  de r  
U t e r u s -  ode r  D a r m w a n d  b e h i n d e r t  ist. Das  d u r e h  H e p a r i n  
g e b u n d e n e  Ka l l i d in  is t  n u r  in  ge r ingem Masse gegen den  
Angr i f f  de r  Ka l l id inase  geschf i tz t .  Bei  A n w e s e n h e i t  v o n  
H e p a r i n  u n d  V e r b i n d u n g  48/80 (Mengenverh~t l tnis  z u m  
Beispiel  30 7 V e r b i n d u n g  48]80 auf  20 I E  Hepa r in )  ver -  
h~ l t  s ich Kal l id in  im Dia lyseve r such  wie fiir freies Ka l l id in  
geschi lder t .  

Versuchsbe i sp ie l  zu r  Fi i l lung yon  Kal l id in  d u r c h  H e p a -  
f i n :  100 E i n h e i t e n  Kal l id in  + 1000 E i n h e i t e n  H e p a r i n  ge- 
16st in  je  1 ml W a s s e r  + 8 ml 96%ige r  Alkohol .  De r  so fo r t  
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e (10-20 Kallidin-Einheitcn in ca. 5 ml). 1 Einheit Kallidin ist die- 
jenige Kallidinmenge, die man aus 1 ml Rinderplasma mit 1 Ein- 
heit Kattikrein aus Schwcine-Submaxillarisdri~sen bei 20°C frei- 
setzen kann, 
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