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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, 
Paris. 

4 E. WEBER, Grundriss der biologisehen Statistik (G. Fischer, Jena 
1956), p. 158. 

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  

1 R. AMANN und E. WERLE, Klin. ~*Vschr. 34, 207 (1956}. 
E. WERLE und R. AMASS, Klin. }Vschr. 34, 624 (1956). 

s A. SCHAUER und E. WERLE, Z. ges. exp. Med. 131, I00 (1959). 
4 M. SCHACHTER, in Polypeptides which A//ect Smooth Muscles and 

Blood gcssds (Pergamon Press, London 1960), p. 199. 
Verwendet wurden Heparin-Novo (5000 IElml) und Heparin 
}toffmann-La Roche in Substanz (118 IE/mg). 

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, 

' R. JaQuEs, g. K~TTNER, H. J. BEIN trod R. MEIER, Exper. 16, 
147 (1960). 

s R. AMAS~¢ ufid E. WERLE, Klin. Wschr. 35, 22 (1957). 
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sich b i ldende  weisse Nieder sch lag  wird  a b z e n t r i f u g i e r t  u n d  
in wenig  W a s s e r  a u f g e n o m m e n .  Die L 6 s u n g  en th / i l t  f u n d  
90% der  e ingese t z t en  Ka l l i d inmenge .  Diese em pf i nd l i che  
F/~l lungsreakt ion  dt i r f te  a u c h  fiir die I so l i e rung  v o n  Kal l i -  
d in  v o n  p r a k t i s c h e r  B e d e u t u n g  sein. 

JAQUES e t  al. 7 h a b e n  kt i rz l ich fes tgestel l t ,  dass  s u c h  
H y p e r t e n s i n  d u r c h  H e p a r i n  g e b u n d e n  wird.  D a  ausser  
H i s t a m i n ,  H y p e r t e n s i n  u n d  Ka l l i d in  a n s c h e i n e n d  a u c h  
T h r o m b i n  s m i t  H e p a r i n  e inen  K o m p l e x  b i lde t ,  n e h m e n  
wir  m i t  JAQUES e t  al. an,  dass  de r  B i l d u n g  v o n  H e p a r i n -  
K 0 m p l e x e n  s ine  a l lgemeinere  B e d e u t u n g  z u k o m m t .  

Summary .  Kallid~n gives,  w i t h  hepa r in ,  a non - d i a l y sab l e  
complex ,  w h i c h  can  be  p r e c i p i t a t e d  w i t h  alcohol.  I n  t h i s  
b ind ing ,  ka l l id in  is p h a r m a c o l o g i c a l l y  ac t ive ,  b u t  m a y  b e  
spl i t  off b y  t h e  s u b s t a n c e  48/80. 

E.  WERLE, I .  TRAUTSCHOLD 
u n d  G. LEYSATH 

Klinisch-chemisches Ins t i tu t  an der chirurgischen K l in i k  der 
Universitiit Miinchen (Deutschland), 27. Oktober 1960. 

Quant i ta t ive  Evidence  
for the  T w o - G r a d i e n t  H y p o t h e s i s  

in the  P r i m a r y  Induct ion  
The  idea  of a t w o - g r a d i e n t  s y s t e m  ac t ing  in  t he  p r i m a r y  

i nduc t ion ,  p r e s e n t e d  b y  LEHMANN ~ a n d  YAMADAL h a d  
ear l ie r  led us  to  e x p e r i m e n t s  in  wh ich  two h e t e r o g e n e o u s  
t i ssues  of q u a l i t a t i v e l y  d i f f e ren t  i n d u c t i v e  ac t ion  were  
i m p l a n t e d  s i m u l t a n e o u s l y  in o rder  to  t e s t  t h e i r  c o m b i n e d  
effect  a. A new  t y p e  of i n d u c t i o n  was obse rved ,  e x p l a i n e d  
as be ing  a c o m b i n e d  ac t ion  of two  pr inciples ,  one a meso-  
de rma l i z ing  a n d  t h e  o t h e r  a neu ra l i z ing  i n d u c t i v e  sys tem.  
A v e r y  s imi la r  t h e o r y  was  s i m u l t a n e o u s l y  p r e s e n t e d  b y  
YAMADA a n d  TAKATA4. 

These  ideas  were  b a s e d  on  t w o  t y p e s  of e x p e r i m e n t :  
The  c o m b i n a t i o n  of t w o  d i f fe ren t  i nduc to r s ,  or  a sepa-  
r a t i o n  of t h e  two  d i f f e ren t  i n d u c t i v e  effects  b y  chemica l  
t r e a t m e n t  of one  i n d u c t o r  t issue,  o r i g i n a l l y  ' c o m b i n e d ' .  
N o n e  of these  e x p e r i m e n t s ,  however ,  could  give us  q u a n -  
t i t a t i v e  i n f o r m a t i o n  on  t h e  h y p o t h e t i c a l  p r inc ip les  oper-  
a t i n g  in t h e  p r i m a r y  i nduc t ion .  I n  such  a q u a n t i t a t i v e  
ope ra t ion ,  ou r  p r e s e n t  m e t h o d s  w i t h  t h e i r  m a r k e d  
l i m i t a t i o n s  seem to  offer  o n l y  two  possible  ways  of 
a p p r o a c h ;  e i t h e r  t he  size of t he  i m p l a n t  is var ied ,  or  
d i f f e ren t  c o n c e n t r a t i o n s  of t h e  ac t ive  fac to rs  i n c o r p o r a t e d  
in some n o n - i n d u c i n g  m a t e r i a l  are  used.  F o r  a n u m b e r  of 
reasons ,  b o t h  of these  m e t h o d s  h a v e  to  be  cons idered  in-  
a d e q u a t e ,  a n d  also t h e  t e c h n i q u e s  give rise to  a v a r i e t y  of 
t e c h n i c a l  errors .  A n o t h e r  s e t -up  was  accord ing ly  p l a n n e d  
so as to  get  a t  l eas t  some re l a t ive  d a t a  on  t he  a m o u n t  of 
t h e  d i f f e ren t  i n d u c i n g  pr inciples ,  a n d  t h e  s igni f icance  of 
t h e i r  r a t io  to  t he  i n d u c t i o n  process.  

Method. HeLa-ce l l s  c u l t u r e d  in a m e d i u m  c o n t a i n i n g  
h u m a n  s e r u m  were used  as i n d u c t o r s  5. A f t e r  m e c h a n i c a l  
r e m o v a l  of t h e  cells f rom t h e  walls  of the  cu l t u r e  f lasks,  
t h e y  were  t r e a t e d  as follows: 

F r o m  10 to  11 mi l l ion  cells were  col lec ted  f rom 3 cu l tu re  
f lasks,  w a s h e d  severa l  t i m e s  w i t h  sa l ine  so lu t ion ,  a n d  
f ina l ly  d i spersed  in  10 cm a of sal ine.  Of t h i s  h o m o g e n e o u s  
cell suspens ion ,  5 c m  s was  h e a t e d  on  a w a t e r b a t h  for  
30 m i n  a t  65° - -a  t r e a t m e n t  wh ich  is k n o w n  to  i n a c t i v a t e  
t h e  .mesode rma l i z ing  c a p a c i t y  of cells a n d  t i ssues  s,* 
Meanwhi le ,  t he  o t h e r  ha l f  of t h e  suspens ion  was  k e p t  in  a n  
i n c u b a t o r  a t  37°C. Followiiag th is ,  t h e  t w o  suspens ions  
were  c o m b i n e d  in tw o  t e s t  t u b e s  in t h e  fol lowing r a t i o s :  
A) 1 c m  a h e a t e d  cells + 4 cm 3 n o n - h e a t e d  cells; 13) 4 c m  a 
h e a t e d  cells + 1 cm e n o n - h e a t e d  cells. 

1 4 parts non-heated cells I Inductions 
1 part heated cells 

~SSS 

[ 'I: :::: ~ : i  :: ::i;:i] F0~bVdiN 

Nose. 
Hindbr'ain 

Ear 
Spinal cord 

Fin 
Reml Tubules 

Hyotomes 
Notcchor'd 

t4esenohymo 
Neur'oid 

qOO is 5o ~5% 
a) 

I 4 paris heated cells 
1 part non-heated cells 

49 cases 

! 

25 ~o 75 loo% 
b) 

Percentage of the induced structures in the experimental series. 

D u r i n g  t he  whole  of t h i s  p rocedure ,  e v e r y  care  was  
t a k e n  to keep  t h e  cell suspens ions  d i spersed  homogeneous ly ,  
a n d  t h e  t u b e s  were r e p e a t e d l y  s h a k e n  b e t w e e n  t h e  dif-  
f e r en t  s tages  of t r e a t m e n t .  The  two  c o m b i n e d  suspens ions  
(A, B) were t h e n  s i m u l t a n e o u s l y  cen t r i fuged  a t  5000 r p m ,  
a n d  t h e  c o m p a c t  s e d i m e n t  covered  w i t h  c o l d  70 % alcohol .  
Af te r  4 to  6 h of a lcohol  t r e a t m e n t ,  t h e  cells were  w a s h e d  
a n d  used in e x p l a n t a t i o n  e x p e r i m e n t s  acco rd ing  to  ' s a n d -  
wich '  m e t h o d  7. T h e  p r e s u m p t i v e  ep ide rmis  of y o u n g  
T r i t u r u s  vu lga r i s -ga s t ru l ae  was  used,  a n d  t h e  e x p l a n t s  
were  c u l t i v a t e d  for 10 days  in Ho l t f r e t e r - so lu t i on .  T h e  
d i f f e r en t i a t i ons  were  a n a l y z e d  mic roscop ica l ly  f r o m  
ser ia l  sect ions .  

Results. The  resu l t s  are d e m o n s t r a t e d  in t h e  Figure .  
On ly  one  c o m m e n t  h a s  to  be m a d e  as r ega rds  t h e  Figure .  
As was  t h e  case in our  ear l ie r  works,  on ly  t h e  p resence  or  
absence  of t h e  d i f f e ren t  i n d u c e d  s t r u c t u r e s  was recorded ,  
a n d  t h u s  t h e  ana lys i s  gives no  i n f o r m a t i o n  on  t h e  a m o u n t  
or size of t he  s e c o n d a r y  fo rma t ions .  F o r  in s t ance ,  t h e  
large  masses  of s t r i a t ed  musc le  seen in some cases in  series 
A were  recorded  as be ing  equa l  to  t h e  e x p l a n t s  in  series B, 
whe re  o f ten  on ly  a few muscle  f ibers  were found .  Thus ,  in  
th i s  r e spec t  t he  t i t l e  of our  r e p o r t  is mis leading ,  a n d  t h e  
ana lys i s  of t h e  i n d u c t i o n s  is b y  no  m e a n s  q u a n t i t a t i v e .  

Discussion. I n  c o m p a r i s o n  w i t h  ou r  ear l ie r  f ind ings  ob-  
t a i n e d  w i t h  HeLa-ce l l s  in  i m p l a n t a t i o n  e x p e r i m e n t s  5, t h e  
low f r e q u e n c y  of m e s o d e r m a l  s t r u c t u r e s  was  consp icuous  
in b o t h  of t he  p r e s e n t  series. T h i s  is p a r t l y  co r r e l a t ed  w i t h  
t h e  genera l ly  k n o w n  fac t  t h a t  m e s o d e r m a l i z a t i o n  i s  
a lways  w e a k e r  in  e x p l a n t a t i o n  e x p e r i m e n t s  t h a n  in  t hose  
of i m p l a n t a t i o n  3,s. F u r t h e r m o r e ,  we k n o w  f rom our  ear l ie r  
a n d  p a r t l y  u n p u b l i s h e d  e x p e r i m e n t s  t h a t  a m a x i m a l  
m e s o d e r m a l i z i n g  effect  is n o t e d  in HeLa-cel ls ,  on ly  if t h e i r  
cu l t u r e  m e d i u m  is c h a n g e d  s h o r t l y  before  t h e  e x p e r i m e n t .  
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