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Decrease  of Bacter iotropic  Act iv i ty  of I soniaz id  
on M. tuberculosis 

in the Presence  of Anthrani l ic  Acid 

As s h o w n  b y  I~ONICKE 1 o -aminobenzo ic  ac id  ( a n t h r a -  
n i l ic  acid,  O A B A )  h a s  no  in f luence  on  t h e  a c t i v i t y  of  iso- 
n iaz id  on  M .  pMei. W e  have ,  in  ou r  own  e x p e r i m e n t s  *, 
r e a c h e d  t h e  s a m e  conc lus ion  w i t h  t h e  s a p r o p h y t i c  Myco-  
b a c t e r i u m  ATCC 607. I t  was  n o w  of i n t e r e s t  to  f ind  o u t  
w h e t h e r  th i s  is t r u e  also in  t h e  case of v i r u l e n t  m y c o -  
b a c t e r i a .  

W e  a t t e m p t e d  a t  f i r s t  t o  exc lude  t h e  poss ib i l i ty  of 
p h y s i c o c h e m i e a l  i n t e r a c t i o n s  b e t w e e n  i s o n i a z i d  a n d  
O A B A ,  w h i c h  could  h a v e  r e su l t ed  in t h e  in f luence  of 
O A B A  on  t h e  speed of i son iaz id  decompos i t i on ,  e v e n  in  
t h e  a b s e n c e  of m y c o b a c t e r i a  in  t h e  m e d i u m .  T h e  decrease  
of i soniaz id  in  c o n c e n t r a t i o n  20.0 ~g /ml  in Y o u m a n s '  
l iqu id  m e d i u m ,  w i t h  or  w i t h o u t  1% h u m a n  a l b u m i n e ,  
a n d  in  t h e  p resence  or  ab sence  of 50.0 ~g /mI  O A B A ,  a t  
37°C, was  fol lowed b y  m e a n s  of t h e  m e t h o d  for  i son iaz id  
d e t e r m i n a t i o n  of WOLL~IqBERa% R e s u l t s  a re  s u m m a r i z e d  
in  T a b l e  I .  

I t  m a y  be  seen  t h a t  O A B A  in t h e  t e s t e d  c o n c e n t r a t i o n s  
h a s  n o  in f luence  on  t h e  speed  of i son iaz id  d e c o m p o s i t i o n  
in  Y o u m a n s '  m e d i u m ,  e i t h e r  w i t h  or  w i t h o u t  h u m a n  
a l b u m i n e .  Therefore ,  f u r t h e r  r e su l t s  m i g h t  be  a t t r i b u t e d  
m a i n l y  to  t he  i n t e r f e r ence  of O A B A  w i t h  t h e  m e c h a n i s m  
of i soniaz id  a c t i o n  on  M .  tuberculosis. 

T h e  poss ib le  syne rg i s t i c  or  a n t a g o n i s t i c  i n f luence  of  
O A B A  on t h e  i soniaz id  a c t i v i t y  was  t r a c e d  in  t h e  l iqu id  
Y o u m a n s '  m e d i u m  w i t h o u t  a l b u m i n e .  I t  was  d i s t r i b u t e d  
in  50 m l  a m o u n t s  in  250 m l  E r l e n m e y e r  f lasks  a n d  seeded  
w i t h  one  loopful l  of a 15-days '  o ld  Y o u m a n s '  su r face  
c u l t u r e  of  HaTRa s t r a i n  of  M .  tuberculosis ~. Af te r  21 d a y s  
i n c u b a t i o n  a t  37°C al l  f lasks  were  au toc l aved ,  t h e  bac-  
t e r i a l  m a s s  s e p a r a t e d  b y  f i l t r a t i o n  on  Schle icher-Schf i l l  
p a p e r  discs  No. 589 ~ a n d  t r a n s f e r r e d  f rom f i l te r  discs in to  
K j e l d a h l  f lasks.  T h e n  t o t a l  n i t r o g e n  of t h e  b a c t e r i a l  mass  
was  d e t e r m i n e d  b y  t h e  u sua l  K j e l d a h l  m e t h o d .  I son iaz id  
(N ice t a l -Wande r )  a n d  O A B A  (Lachema-Czechos lovak ia )  
c o n c e n t r a t i o n s ,  as  wel l  as r e su l t s  of t h i s  e x p e r i m e n t ,  m a y  
b e  f o u n d  i n  T a b l e  I I .  

L a t e r  a n o t h e r  e x p e r i m e n t  was  s t a r t e d  on  Y o u m a n s '  
l iqu id  m e d i u m  w i t h  1 %  h u m a n  a l b u m i n e .  T h e  m e d i u m  
was  d i s t r i b u t e d  in 5.0 ml  a m o u n t s  in  t ubes ,  w h i c h  were  
t h e n  seeded  w i t h  0.05 m l  of a 10 days  old  D u b o s  cu l t u r e  
of  t h e  H~TRv s t r a i n  of M .  tuberculosis*. Resu l t s  were  r e a d  
a f t e r  14 d a y s '  i n c u b a t i o n  a t  37°C. T h e  c o n t e n t  of t u b e s  
was  t r a n s f e r r e d  i n to  K j e l d a h l  f lasks  a n d  t o t a l  n i t r o g e n  
d e t e r m i n a t i o n  of t h e  g r o w n  b a c t e r i a l  m a s s  was  p e r f o r m e d  
as  m e n t i o n e d  above .  I son iz id  a n d  O A B A  c o n c e n t r a t i o n s ,  
as  wel l  as  r e su l t s  of t h i s  e x p e r i m e n t ,  a re  t o  b e  seen  i n  
T a b l e  I I I .  

Resu l t s  of b o t h  e x p e r i m e n t s  were a n a l y s e d  s t a t i s t i c a l l y  
w i t h  use of t he  F - t e s t .  T h u s  i t  was  f o u n d  t h a t  w i t h  t h e  
HaTRa s t r a i n  O A B A  in  c o n c e n t r a t i o n  of 10.0 t~g/ml a n t a g -  
on i sed  s ign i f i can t ly  t h e  b a c t e r i o t r o p i c  a c t i v i t y  of i son iaz id  
in  99 ,5% conf idence  brui ts .  W i t h  t h e  H ~ R v  s t r a i n  a n d  
t h e  s a m e  O A B A  c o n c e n t r a t i o n ,  d i f ferences  b e t w e e n  t h e  
a c t i v i t y  of i son iaz id  a lone  a n d  i son iaz id  w i t h  O A B A  were  
w i t h i n  t h e  95 .0% conf idence  l im i t  a n d  t h i s  r e s u l t  is 
t h e r e f o r e  n o t  s ign i f ican t .  H o w e v e r ,  b y  inc reas ing  t h e  
O A B A  c o n c e n t r a t i o n  f rom 10,0 to  25.0 or  50.0 ~g/ml ,  
s ign i f i can t  r e su l t s  were  o b t a i n e d  in  t h e  97.5 or  99 .5% 
conf idence  l imi t s  respec t ive ly .  

T h e  decrease  of b a c t e r i o t r o p i c  po tenc ies  of i soniaz id  in  
t h e  p resence  of  O A B A  is v e r y  i n t e r e s t i n g  in  v iew of 
t h e  e x a c t l y  oppos i t e  a c t i v i t y  of  p - a m i n o b e n z o i c  acid,  

Table I 

Medium 1 

YOU marts 

Youmans 
1% albumine 

Days Isoniazid* 

100 
81 
52 
36 
23 

100 
58 
32 
24 
16 

Isoniazid 
+ OABA* 

100 
84 
55 
35 
22 

100 
50 
29 
19 
13 

* Isoniazid concentration in % terms; 100% equals to 20.0[zglml; 
OABA concentrations 50 t~g/ml 

Table I I  

Drug ]mgof  N 

Isoniazid 0.80 
0-05 ~tg/ml 0.80 

0.59 

Isoniazid 2.24 
0.05 ~g]ml 2.38 
OABA 
10-0 ~g/ml 2-80 

Statistical significance 

91-54 31.33 
31.33 = Fv4 (0.005)* 

* 0"5% critical value of Fl,~-distribution 

Table I I I  

Drug mg 
of N F-Test 

Statistical signifi- 
cance for compari- 
son with ieoniazid 

alone 

Isoniazid . . . 
0-1 tzg/ml 

lsoniazid . . . 
0.1 ~g/ml 
OABA 10.0 ptg/ml 

Isoniazid . . . 
0.1 ~g/ml 
OABA 25.0 lxg/ml 

Isoniazid . . . 
0.1 ~tg]ml 
OABA 50-0 ~xg/ml 

4.35 
4"88 
4.08 
4-35 
4"88 
4.61 

5'02 
4-62 
5-02 

4.88 
5.02 

6.26 7.71 
7-71 = F v ,  

(0.05) 
19.69 12.22 

t 12-22 = F:, 4 
(0.025) 

38.53 34.12 
34.12 = Fv3 

(0-01) 

not found 

~-'5% 
3ignificance level 

l% 
significance level 
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w h i c h  inc reases  t h e  a c t i v i t y  of i son iaz id  o n  M. tuber- 
culosis in vitro 2. The  m e c h a n i s m  b y  w h i c h  O A B A  is 
m e t a b o l i z e d  in m y c o b a c t e r i a  r e m a i n s  en t i r e ly  u n k n o w n .  
W e  m a y  s t a t e  o n l y  t h a t  in  t e s t e d  c o n c e n t r a t i o n s  O A B A  
itself  does  n o t  in te r fe re  w i t h  t h e  g r o w t h  of e i t h e r  s t r a i n  
used.  I t  m i g h t  b e  sugges t ed  t h a t  i t  is s o m e h o w  c o n n e c t e d  
w i t h  t h e  m e t a b o l i s m  af  n i co t in i c  acid,  The  l a t t e r  is n o w  
supposed  to  b e  t h e  poi i l t  t h a t  is a t t a c k e d  b y  isoniazid ,  as  
sugges ted  b y  KRf3GER-THIEMER ~. H o w e v e r  a n  e x p l a n a -  
t ion  of t h e  fac ts  p r e s e n t e d  c a n n o t  be  g iven  before  we 
k n o w  t h e  precise  m e c h a n i s m  of i soniaz id  a c t i v i t y  a g a i n s t  
M. tuberculosis. 

Z. SIM.(N:g a n d  R.  URBANCIK 

Tuberculosis Research Institute, Prague-Bulovka (Cze- 
choslovakia), September 4, 1959. 

Zusammen/assung 

Anthran i l s~ ture  a n t a g o n i s i e r t  die I s o n i a z i d - A k t i v i U i t  
gegen  M. tuberculosis in vitro. Dieser  A n t a g o n i s m u s  be-  
r u h t  a u f  k e i n e m  p h y s i k a l i s c h - c h e m i s c h e n  Einf luss  de r  
A n t h r a n i l s £ u r e  a u f - d i e  G e s c h w i n d i g k e i t  der  I son iaz id -  
S p a l t u n g  im fl i issigen N / ih rboden .  

I n h i b i t i o n  o f  S e a  U r c h i n  E g g  C l e a v a g e  b y  R i b o -  

n u c l e a s e  ~ 

I. L.~techlnus variegafus - Arbacla punctulata 

I n  v i e w  of t h e  d e m o n s t r a t e d  i n h i b i t o r y  a c t i o n  of r i -  
bonuc l ea se  (RNase)  on  cell  d iv i s ion  in  a m p h i b i a n  eggs 2,a 
a n d  c e r t a i n  o t h e r  cells 4 i t  s eemed  of i n t e r e s t  to  e x a m i n e  
for  s imi la r  a c t i o n  of r ibonuc lease  on  c leavage  of sea  u r c h i n  
eggs. Th i s  m a t e r i a l  is of specia l  i n t e r e s t  because  of t h e  
d e m o n s t r a t i o n  b y  MAZlA Of r ibonuc le ic  ac id  in t h e  i so la t ed  
m i t o t i c  a p p a r a t u s  of sea  u r c h i n  eggs s a n d  t h e  r e p o r t  of 
r ibonuc le ic  ac id  in  t h e  cell  sur face  of  Arbacia eggs b y  
LANSING a n d  ROSENTHAL 6. Because  of t i le  d i f ferences  in  
biological  a c t i v i t y  found  in d i f f e ren t  r i bonue l ea se  p r e p a -  
r a t i o n s  2, seve ra l  c rys ta l l ine  e n z y m e  samples  were  used.  
T h e y  were  o b t a i n e d  f r o m  t h e  fol lowing c o m m e r c i a l  
sources :  A r m o u r ,  S igma,  W o r t h i n g t o n ,  a n d  N u t r i t i o n a l  
B iochemica l  Corpo ra t i on .  These  e n z y m e s  were  t e s t e d  for  
a c t i o n  o n  fer t i l ized eggs of two  species of sea  u rch ins ,  
Lytechinus variegalus a n d  Arbacia punctulata. Eggs  
were  a d d e d  to  sea  w a t e r  so lu t ions  of t h e  e n z y m e  pre-  
para . t ions a t  se lec ted  i n t e r v a l s  fol lowing fe r t i l i za t ion  
a n d  before  second  c leavage .  T h e y  were  s u b s e q u e n t l y  
e x a m i n e d  for  c l eavage  w i t h o u t  r e m o v a l  f r o m  t h e  R N a s e  
solu t ions .  A p p r o p r i a t e  c o n c e n t r a t i o n  of al l  fou r  e n z y m e  
p r e p a r a t i o n s  (M. W.  = 14,000) i n h i b i t e d  c leavage  of b o t h  
species. Howeve r ,  as t h e  T a b l e  shows,  t h e  seve ra l  pre-  
p a r a t i o n s  a re  n o t  equa l ly  effect ive.  S imi la r  r e su l t s  were  
o b t a i n e d  in e igh t  o t h e r  e x p e r i m e n t s .  Th i s  v a r i a t i o n  in  
a c t i v i t y  m a y  be  due  t o  d i f fe r ing  p r o p o r t i o n s  of ac id  a n d  
a lka l ine  r ibonuc lease  in t h e  seve ra l  p r e p a r a t i o n s  8. Severa l  
o t h e r  e n z y m e s  d id  n o t  a f fec t  c l eavage  of A rbacia eggs. 
These  inc lude  t r y p s i n  '(see also 9), lysozyme,  a n d  deoxy-  
r ibonuc lease .  Aside  f rom a n  i n h i b i t i n g  a c t i o n  on  c leavage,  
t he  e n z y m e  p r e p a r a t i o n s  h a d  o t h e r  effects.  These  inc lude  
a col lapse  a n d  p a r t i a l  lysis  of t h e  fu l ly  f o r m e d  Lytechinus 
fe r t i l i za t ion  m e m b r a n e  ( th is  e f fec t  was  n o t  p r o n o u n c e d  
in Arbacia) a n d  a n  egg je l ly  p r e c i p i t a t i n g  ac t ion  b y  al l  
four  e n z y m e  p r e p a r a t i o n s .  Howeve r ,  t he se  effects  a re  n o t  
r e l a t ed  to  t h e  i n h i b i t i o n  of c l eavage  b y  R N a s e  because  
eggs f r o m  w h i c h  fe r t i l i za t ion  m e m b r a n e s  h a d  been  re-  
m o v e d  were  a lso i n h i b i t e d  b y  RNase .  S u c h  d e m e m b r a n a t -  
ed Lytechinus eggs inc reased  ( w i t h o u t  lysis) 25% in 

d i a m e t e r  u p o n  s t a n d i n g  in  t h e  s a m e  r ibonuc lease .  Th i s  
swel l ing sugges t s  a c t i o n  o n  t h e  ce l lu lar  m e m b r a n e .  T h e  
a l m o s t  comple t e  i n h i b i t i o n  of t h e  c l eavage  of sea  u r c h i n  
eggs r e p o r t e d  here  h a s  b e e n  o b t a i n e d  w i t h  e igh t  d i f f e ren t  
b a t ch es  of eggs. I n  f ive o t h e r  e x p e r i m e n t s  p e r f o r m e d  in-  
d e p e n d e n t l y  b y  one  of us  (C. B.  M.) a n  i n h i b i t i o n  was  
o b t a i n e d  (wi th  A r m o u r  a n d  W o r t h i n g t o n  1RNase a t  t h e  
c o n c e n t r a t i o n  level  of 4.10 -4 M )  b u t  n o t  s u c h  a p ro -  
n o u n c e d  one. I n  t h i s  case, m e r e l y  a r e t a r d a t i o n  of t h e  
c l eavage  was  o b t a i n e d  ( R N a s e - t r e a t e d  are  t w o  to  t h r e e  
d iv i s ions  b e h i n d  controls)  fol lowed b y  a b n o r m a l  deve lop-  
m e n t  s o m e t i m e s  r e su l t i ng  in  d e a t h  of t h e  e m b r y o .  T h i s  
cou ld  i n d i c a t e  t h a t  t h e  p e r m e a b i l i t y  to  R N a s e  m i g h t  b e  
v e r y  d e p e n d e n t  o n  t h e  a c t u a l  c o n d i t i o n  of  t h e  ce l lu la r  
m e m b r a n e  in  t h e  case of t h i s  ma te r i a l .  On  t h e  o t h e r  h a n d ,  
p r e l i m i n a r y  o b s e r v a t i o n s  on  Lytechinus sugges t  a n  in-  
c reased  r ibonuc lease  sens i t ive  per iod,  20 to  40 ra in  before  
cell d iv is ion.  Such  a c r i t ica l  s tage,  also o b s e r v e d  b y  
RUSTAD for  U.V.  s e n s i t i v i t y  5, m a y  be  f o u n d  to  b e  cor-  
r e l a t ed  w i t h  a specif ic  a c t i o n  of r ibonuc tease  on  some  p a r t  
of t h e  mi t o t i c  a p p a r a t u s .  

I on Source of Ribonuclease x 10 ~ 
• 1-5 x 10 -4M 7 x 10 -a M 

Nutr i t ional  Biochemical 1 
Armodr 1 
Sigma 1 

Wor th ing ton  1 

1-2 
2-4 
2-8 

Young 
moruta 

2-4 
2-8 

Young 
morula 
Young 
morula- 

Cell stage at which Arbacia egg cleavage was Mocked by three con- 
centrations of the preparations, in conditions where complete in- 
hibition was achieved (controls are at the stage young morulas) 

L. LEDOUX* a n d  C. B.  METZ 

Oceanographic Institute, Florida State University, Talla- 
hassee (Florida), October 28, 1959. 

Rdsumd 

L a  r ibonuc l~ase  exerce  u n e  ac t ion  i n h i b i t r i c e  su r  le 
c l ivage  des  ceufs d ' ou r s ins .  L a  source  c o m m e r c i a l e  de  
l ' e n z y m e ,  Ia c o n c e n t r a t i o n  utiI is6e e t  l ' 6 t a t  des  oeufs 
d & e r m i n e n t  les effets  o b t e n u s .  Ceux-c i  v a r i e n t  e n t r e  u n e  
i n h i b i t i o n  t o t a l e  i m m 6 d i a t e  e t  u n  r a l e n t i s s e m e n t  des 
d iv i s ions  cellulaires,  su iv i  d ' u n  d 6 v e l o p p e m e n t  a n o r m a l  
~ v e n t u e l l e m e n t  abor t i f .  

E n  ou t re ,  la  r i bonucMase  a u n e  a c t i o n  c o m p l e x e  su r  la  
m e m b r a n e  de  fe r t i l i sa t ion ,  la  couche  h y a l i n e  e t  la  m e m -  
b r a n e  eel lulaire.  Ce t t e  dern i~re  a c t i o n  p o u r r a i t  & r e  Ii6e 
a u x  effets  a n t i m i t o t i q u e s  observ6s.  

* Permanent address: Radiobiology Laboratory, CEN, Mol, 
Belgium. 
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