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Die M e e r s c h w e i n c h e n p a t h o g e n i t i i t  von  T u b e r k e l -  
baz i l l en ,  die  aus  spez i f i sch  v o r b e h a n d e l t e n  

Rat ten  s t a m m e n  

Die Res i s t enz  der  R a t t e  gegen eine typ i sche  tuber -  
kul6se E r k r a n k u n g  ist  sei t  l angem b e k a n n t L  Es  ist  dabei  
aufgefal len,  dab  diese E igenscha f t  m i t  d e m  Feh len  der  
Sens ib i l i s ie rbarkei t  gegen T u b e r k u l i n  v e r b u n d e n  ist  ~. 
Weder  das KocHsche  noch das  ARTHUSSChe P h ~ n o m e n  
lassen sich erzeugen,  und die R a t t e  ze ichne t  sich allge- 
mein durch  eine ger inge  Ne igung  zu a l lerg ischen PhAno- 
menen  aus  s. E ine  Allergie  gegen Tube rku l in ,  wie sic ge- 
w6hnl ich  an der  H a u t  gepr i i f t  wird,  k a n n  somi t  ke inen  
Antei l  a m  Gesundb le iben  tube rku lbs  in f iz ie r te r  R a t t e n  
haben.  !Vf6glicherweise en tw icke l t  sich a b e r  e ine  davon  
versch iedene  I m m u n i t i i t  e n t s p r e c h e n d  d e m  Zus tand ,  
den BIRKHAUG 4 und  CORPER und COHN 5 bei t ube rku-  
16sen, gegen Tube rku l in  desensibi l is ier ten Meerschwein-  
chen nachgewiesen  haben.  Es  ware  denkbar ,  dal3 eine 
derar t ige  U m s t i m m u n g  des Wi r t so rgan i smus  die P a t h o -  
genitXt yon  e ingebrach ten  Tuberke lbaz i l l en  ver~tndert. 

In  de r  Absicht ,  diese F rage  zu pfi ifen,  w u r d e n  fol- 
gende,  o r i en t i e rende  Versuche  ausgef i ih r t :  

13 e rwachsene  weil3e R a t t e n  beider le i  Geschlech ts  
werden  du rch  w6ehent l ich  e inmal ige  i n t r aven6se  I n j e k -  
t ion yon je  1 mg  au tok lav ie r t e r ,  h u m a n e r  Tuberke l -  
bazi l len vo rbehande l t ,  und zwar  1 T ie r  7real, 6 T ie re  
l l m a l  und  6 Tiere  13mal. -- Bei f r i iheren Un te r su -  
chungen  ist  die makro -  und mikroskop i sche  U n v e r s e h r t -  
heir  de r  Lebe r  t r o t z  re ichl ichen Geha l t s  an v i ru l en t en  
Tuberke lbaz i l l en  aufgefal len.  Es  wurde  desha lb  ange-  
n o m m en ,  dal3 sich eine allffillige A n d e r u n g  der  Bez iehung  
zwischen "Wirt und Pa ra s i t  besonders  an  d iesem Organ  
ge l t end  m a c h e n  wiirde.  E ine  W o c h e  nach  AbschluB der  
V o r b e h a n d l u n g  werden  desha lb  10 T ie re  m i t  de r  ab-  
s icht l ich  n iedr ig  geha l t enen  Dosis  yon  1/Ioo 0 mg  
(Feuch tgewich t )  desselben S t ammes ,  de r  a u t o k l a v i e r t  
zur  V o r b e h a n d l u n g  ged ien t  hat ,  i n t r a h e p a t i s c h  nach  
E r g f f n u n g  der  Bauchh6h l e  inj iz ier t .  (Es h a n d e l t  sich 
um einen fr isch isol ier ten,  auf  Sau ton  geha l t enen  
H u m a n u s s t a m m ,  yon  dem 1]~0o 0 m g  s u b k u t a n  er- 
wachsene  Meerschweinchen  in rund  3 M o n a t e n  an 
genera l i s ie r te r  Tube rku lose  zugrunde  gehen  l~tlIt.) 3 
Tiere  e rha l t en  dieselbe Dosis  in t raven6s .  12 R a t t e n  
d ienen  als Kon t ro l l en ,  yon  denen  5 i n t r avenSs  und 7 
in t r ahepa t i s ch  inf iz ier t  werden.  Die  T ie re  werden  nach  
6-25 W o c h e n  du rch  D e k a p i t a t i o n  ge tS te t .  Sie weisen,  
wie iiblich, ke ine  makroskop i sch  e r k e n n b a r e n  pa tho lo -  
gischen VerAnderungen  auf. 

Zur  Pr i i fung  der  Pa thogen i t / i t  fiir Meerschweinchen  
wird die R a t t e n l e b e r  fr isch m i t  der  d o p p e l t e n  Menge 
phys io logischer  Kochsa lz l6sung  im M6rser  zerr ieben,  
Von der  Suspens ion  werden  jewei ls  2 cm a e inem Meer- 
schweinchen  in t r ape r i t onea l  in j iz ier t .  

Als  Beisp ie l  werden  die Versuche  m i t  den Lebern  der-  
jen igen R a t t e n  herausgegr i f fen ,  die wAhrend 11 W o c h e n  
mi t  w6chen t l i ch  l m a l  1 m g  to t e r  Tube rke lbaz i l l en  in t ra -  
ven6s  v o r b e h a n d e l t  und 13 W o c h e n  nach  der  in t r a -  
hepa t i schen  In fek t ion  m i t  1/10oo m g  desselben,  le- 
benden  Baz i l l en s t ammes  ge t6 t e t  worden  s ind:  
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Alle Meerschweinchen  weisen tells  leichte,  tells 
schwere  tuberku l6se  VerAnderungen auf, ohne  dab  sich 
eine gesetzmiil3ige Ver te i lung  derse lben auf  die eine der  
G r u p p e n  fests te l len liel3e. Auffa l lend  ist  die  HAufigkei t  
de r  schweren,  t ube rku l6sen  Leberz i r rhosen  bei den  
Meerschweinchen .  -- Es  is t  zu v e r m u t e n ,  dab  die Resi-  
s t enz  de r  R a t t e  gegeni iber  Tube rku lose  ein prim~irer 
Zus t and  ist. E ine  Sensibi l is ierung gegen die Bes tand-  
tei le  der  Tuberke lbaz i l l en  sche in t  n ich t  s t a t t zu f i nden  
oder  sich in ke iner  Pa thogeni t / i t s~ inderung der  in den  
v o r b e h a n d e l t e n  Organ i smus  e ingebrach ten ,  lebenden 
Bazi l len auszuwirken .  

Dem Vorsteher der pathologisch-anatomischen Anstalt der Uni- 
versitAt Basel, Herrn Prof. Dr. A. WERTHEMANr¢ und Herrn Prof. Dr. 
F. ROtrLET sei bestens fftr ihre Unterstiitzung gedankt, ebenso der 
I. R. Geigy AG. H.  BIRKH~USER 

Tuberkulosef i i r sorges te l le  Basel ,  den  30. Mai 1949. 

S u m m a r y  

Tuberc l e  bacill i  of t he  h u m a n  t y p e  were in jec ted  
i n t r ahepa t i ca l l y  in to  whi te  rats,  a f t e r  these  an ima l s  had  
been t r e a t ed  p rev ious ly  wi th  ki l led bacilli  of t he  same  
s t ra in .  Suspens ions  of the  infec ted  l ivers  la te r  p roved  to  
be equa l l y  pa thogen ic  for guinea-p igs  whe the r  t h e y  
were t a k e n  f rom specif ica l ly  p re - t r ea t ed  or  f rom un t r ea t -  
ed rats .  

On the Effect of  I s o m e r s  of  P A S  ( p a r a - a m i n o -  
sa l icy l ic  acid)  and Related S u b s t a n c e s  on the  

T u b e r c u l o s t a t i c  Effect of P A S  

In  p rev ious  papers ,  LEHMANN 1, i t  was m e n t i o n e d  
t h a t  the  d i scovery  of t he  t ube rcu lo s t a t i c  effect  of P A S  
was based on a t h e o r y  t h a t  th is  subs tance  should be  able  
to  inh ib i t  t he  s t i m u l a t o r y  ef fec t  of  sal icyl ic  ac id  on the  
resp i ra t ion  of t h e  tube rc l e  baci l lus  (BERNHEIM 2) and  
t h e r e b y  inh ib i t  even  the  g r o w t h  of  t he  bacil lus.  

T h e  inh ib i t ion  of g rowth  was eas i ly  shown,  b u t  t he  
i nh ib i t o ry  effect  on resp i ra t ion  could  no t  be demon-  
s t r a t ed  3. The  m e c h a n i s m  of g rowth  inh ib i t ion  by  P A S  
was there fore  obscure .  

I j .  LEHraANN, The Lancet, Jan. 5,14 (1946) ; Svenska L~ikartidn. 
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Rev. g~n. Sei. ~4, 222 (1947). 
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A n o t h e r  e x p l a n a t i o n  was  s u p p o s e d  t o  b e  a n  i n t e r f e r -  
ence  of  P A S  w i t h  t h e  n i t r o g e n  m e t a b o l i s m  of  t h e  
baci l lus .  I t  is k n o w n  f r o m  t h e  w o r k  of  KLEIN a n d  
KAMIN~, a n d  HEI~NER ~ t h a t  b e n z o i c  a n d  sal icyl ic  ac id  
speci f ica l ly  i n h i b i t  t h e  d e s a m i n a t i o n  of a l p h a - a m i n o  
acids.  I f  P A S  h a d  a s t i l l  s t r o n g e r  ef fec t  on  t h i s  process  a 
se r ious  d i s t u r b a n c e  of t h e  i n t e r m e d i a t e  m e t a b o l i s m  a n d  
g r o w t h  cou ld  be  e x p e c t e d .  E v e n  t h i s  e x p l a n a t i o n  was  
n o t  f o u n d  va l id ,  as  P.AS d i d  n o t  p o i s o n  t h e  d e s a m i n a t i o n  
of a m i n o  ac ids  in  t h e  bac i l l u s  ~. 

N e w  a p p r o a c h e s  to  t he  p r o b l e m  were  t h e r e f o r e  u n d e r -  
t a k e n  in  a ser ies  of e x p e r i m e n t s  c o n d u c t e d  in 1946, in  
w h i c h  i t  was  i n v e s t i g a t e d  w h e t h e r  i somers  of P A S  a n d  
o t h e r  r e l a t e d  c o m p o u n d s  were  ab le  to  c o m p e t e  w i t h  
P A S  a n d  a b o l i s h  t h e  t u b e r c u l o s t a t i c  effect .  T h e  specifi-  
c i t y  of t h e  s t r u c t u r a l  r e l a t i o n s h i p  b e t w e e n  t h e  d i f f e r e n t  
g r o u p s  in P A S  cou ld  in  t h i s  w a y  be  e l u c i d a t e d  a n d  cou ld  
a m p l i f y  ea r l i e r  k n o w l e d g e  on  t h i s  s u b j e c t  LEHMANN% 
YOUMANS, I{ALEIGH a n d  YOUMANS ~, GOODACRE, MIT- 
CHELL a n d  SEYMOUR", HIRT a n d  HURNI~ a n d  p e r h a p s  
o p e n  t h e  w a y  for  n e w  theor ies .  

I n  a n  ea r ly  p h a s e  of t h e s e  e x p e r i m e n t s  t he  w r i t e r  was  
i n f o r m e d  b y  a p e r s o n a l  c o m m u n i c a t i o n  f r o m  Dr.  S. 
T o m E ,  of t h e  A m e r i c a n  C y a n a m i d  C o m p a n y ,  t h a t  H .  J .  
WHI~E, b a c t e r i o l o g i s t  a t  t h e  C o m p a n y ,  in  u n p u b l i s h e d  
r e su l t s  h a d  b e e n  ab l e  t o  s h o w  a c o m p e t i t i v e  e f fec t  of 
p a r a - a m i n o b e n z o i c  ac id  ( P A B A )  on P A S .  As will be  seen  
f r o m  t h e  fo l lowing e x p e r i m e n t s  t h i s  o b s e r v a t i o n  cou ld  be  
fu l ly  ve r i f i ed  a n d  was  a n n o u n c e d  i0 a p a p e r  p r e s e n t e d  
a t  t h e  N o v e m b e r  M e e t i n g  of t h e  Swed i sh  T u b e r c u l o s i s  
A s s o c i a t i o n  in  S t o c k h o h n  1947, t o g e t h e r  w i t h  t h e  o t h e r  
r e s u l t s  p r e s e n t e d  in  t h i s  p a p e r .  S i m i l a r  f i n d i n g s  w i t h  
P A B A  h a v e  b e e n  r e p o r t e d  b y  YOUMANS et al. ~ GOOD- 
ACRE el al. ~ a n d  I-IURNI s. 

The effect o/ monohydroxybenzoic acids on the tuber- 
culostatic e//ect o / P A  S 

T h e  e x p e r i m e n t s  were  a r r a n g e d  so t h a t  in  s i m u l t a n e o u s  
ser ies  t h e  t u b e r c u l o s t a t i c  e f fec t  of t h e  n e u t r a l i z e d  ac ids  
were  t e s t e d  a l o n e  in  c o n c e n t r a t i o n s  f r o m  10 -~ t o  10 -7 
mo l  a n d  in t h e  s a m e  c o n c e n t r a t i o n s  t o g e t h e r  w i t h  P A S  
a t  a f ixed  c o n c e n t r a t i o n  of 10 -n  reel .  T h i s  c o n c e n t r a t i o n  
of P A S  was  c h o s e n  as  i t  is t h e  l owes t  c o n c e n t r a t i o n  b y  
w h i c h  a n e a r l y  c o m p l e t e  i n h i b i t i o n  is a c c o m p l i s h e d  
( 9 0 - 9 5 %  i n h i b i t i o n  in  al l  t h e  p r e s e n t  e x p e r i m e n t s ) .  A 
c o m p e t i t i v e  e f fec t  wi l l  t h e r e f o r e  d i m i n i s h  t h e  i n h i b i t o r y  
e f fec t  of t h i s  c o n c e n t r a t i o n  of P A S .  T h e  s t r a i n  used  w as  
t h e  B C G  s t r a in ,  t h e  m e d i u m  was  t h a t  of  SAUTON. 
T e c h n i c  as  d e s c r i b e d  e l s ewhe re  (LEttMANN~). 

I t  will be  seen  ( T a b l e ) ,  t h a t  t h e  m o n o h y d r o x y b e n z o i c  
ac ids  t e s t e d  a lone  i nc r ea se  in  t u b e r c u l o s t a t i c  e f fec t  as 
t h e  h y d r o x y  g r o u p  m o v e s  c loser  to  t h e  c a r b o x y l  g r o u p  
t h u s  f r o m  t h e  p a r a - p o s i t i o n  to  t h e  o r t h o - p o s i t i o n ,  w h i c h  
is in  a c c o r d a n c e  w i t h  ea r l i e r  o b s e r v a t i o n s " .  W h e n  com-  
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b i n e d w i t h  P A S  n o  s i g n i f i c a n t  c o m p e t i t i v e  e f fec t  is seen.  
O r t h o - h y d r o x y b e n z o i c  ac id  (sal icyl ic  acid) cou ld  h a v e  
b e e n  e x p e c t e d  to  d i m i n i s h  t h e  e f fec t  of P A S ,  as  th i s  
c o n f i g u r a t i o n  is r e p r e s e n t e d  in  P A S .  P o s s i b l y  t h e r e  is 
a s l igh t  e f fec t  a t  10 -5 mol ,  i. e. in  t h e  s a m e  c o n c e n t r a t i o n  
as P A S .  H o w e v e r ,  t h e  i n h i b i t i o n  is n o t  s ign i f i can t .  

Inhibition of different benzoic acid derivatives--aIone and combinrd 
with 10-"moI PAS--on the growth of the tubercle bacillus (BCG} 

in per cent 

I 
Concentration of sul)stance 1(I-" 10 -4 ] 

in medium (molarity) 10 -s[10 -~ lql 7 

2-hydroxy- 
benzoic acid 

3-hydroxy- 
benzoic acid 

4-hydroxy- 
benzoic acid 

2-amlno- 
benzoic acid 

3-amino- 
benzoic acid 

4-amino- 
benzoic acid 

2-hydroxy-3-ami no- 
benzoic acid 

2-hydroxy-5-amino- 
benzoic acid 

3-hydroxy-4-amino- 
benzoic acid 

Alone 90 
+ PAS 10 -5 90 

Alone 89 
+ PAS 10 -5 88 

Alone 46 
+ PAS 10 -s  90 

Alone 67 
+ PAS 10 -~ 82 

Alone 89 
+ PAS 10 -~ 89 

Alone 93 
+ PAS 10 - s  95 

Alone 30 
+ PAS 10 .5  94 

Alone 35 
+ PAS 10 - s  96 

Alone 96 
• + P A S  1 0  - s  96 

88 35 3 2 
90 ~ 70 76 74 

I 

7O 10 2 0 
87 78 80 77 

30 7 3 2 
88 88 87 9O 

23 20 17 2 
80 78 78 74 

15 7 5 3 
82 82 78 78 

80 25 3 3 
55 0 55 90 

12 5 0 0 
93 92 93 93 

7 i  4 3 3 
96 i 94 93 95 

32 3 3 0 
9 6  93 93 93 

The effect el monoaminobenzoic acids on the tuberculostatic 
effect o / P A  S 

E v e n  in t h e s e  e x p e r i m e n t s  ea r l i e r  o b s e r v a t i o n s  are  
ver i f ied ,  i . e .  t h e  t u b e r c u l o s t a t i c  e f fec t  of t h e  m o n o -  
a m i n o b e n z o i c  ac ids  inc reases  w h e n  t h e  a m i n o  g r o u p  
m o v e s  a w a y  f r o m  t h e  c a r b o x y l  g roup ,  t h u s  f r o m  t h e  o r t h o -  
p o s i t i o n  to  t h e  p a r a - p o s i t i o n .  I n  c o m b i n a t i o n  w i t h  P A S  
no  c o m p e t i t i v e  e f fec t  of t h e  o r t h o -  a n d  m e t a - a m i n o -  
ac ids  is seen.  The  p a r a - a n f i n o b e n z o i c  ac id  (PABA) ,  
t l oweve r  abo l i shes  c o m p l e t e l y  t h e  t u b e r c u l o s t a t i c  effect  
of P A S  in  e q u i m o t a r  c o n c e n t r a t i o n  (10 -5 reel),  A t  10 -6 
r ee l  P A B A  in  i t se l f  h a s  n o  t u b e r c u l o s t a t i c  effect ,  b u t  
i n h i b i t s  t h e  e f fec t  of P A S  t o  a b o u t  5 0 % .  I n  10  -4 reel  
P A B A  i tself  h a s  a r a t h e r  s t r o n g  t u b e r c u l o s t a t i c  e f fec t - -  
8 0 %  i n h i b i t i o n - n e a r l y  as s t r o n g  as P A S  in 10 -~ m o l -  
9 0 %  i n h i b i t i o n .  I n s t e a d  of a n  e x p e c t e d  a d d i t i v e  in- 
h i b i t o r y  effect ,  t h e  t w o  s u b s t a n c e s  a n t a g o n i z e  one 
a n o t h e r ,  r e s u l t i n g  in a dec rease  to  a b o u t  50 % inh ib i t i on .  

The e]]ect el monoamino-monohydroxybemoic  acids on the 
tuberculostatic effect o/ P A  S 

T h e  t u b e r c u l o s t a t i c  e f fec t  of 3 - amino -  a n d  5 -amino-  
2 - h y d r o x y - b e n z o i c  ac ids  is v e r y  l i t t l e  p r o n o u n c e d - -  on ly  a t  
10-"  mol  a s l i gh t  e f fec t  is seen,  w h e r e a s  4 - a m i n o - 3 - h y d r o -  
x y - b e n z o i c  ac id  ha s  a m o r e  p r o n o u n c e d  effect ,  b u t  con-  
s i d e r a b l y  less t h a n  PAS x. All t h e s e  a c i d s - - s o  closely 
r e l a t e d  t o  P A S - - c o u l d  be  e x p e c t e d  t o  e x e r t  t h e  s t r o n g e s t  
c o m p e t i t i v e  e f fec t  o n  P A S .  H o w e v e r ,  n o n e  of t h e m  h a s  
a n y  c o m p e t i t i v e  e f fec t  a t  all. 

1 j .  LF.HMANN, The Lancet, Jan. 5, 14 (1946) ; Svenska IAikartidn. 
43, 2029 (1946); Nordisk Medicin 31, 2112 (19,16); 33, 1.t0 (1947); 
Rev. g~n. Sci. 54, 222 (1947). 
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Discussion 

T h e  p r e d o m i n a t i n g  c o m p e t i t i v e  ef fec t  of P A B A  a m o n g  
the  m o n o - a m i n o b e n z o i c  ac ids  is well  u n d e r s t o o d ,  as t h i s  
c o n f i g u r a t i o n  is m o s t  c losely  r e l a t e d  to  P A S .  T h e  
c o m p l e t e  a b s e n c e  of s u c h  a n  e f fec t  of t h e  t h r e e  m o n o -  
a m i n o - m o n o h y d r o x y b e n z o i c  ac ids  is confus ing ,  as  wel l  
as t h e  a b s e n t  e f fec t  of  sa l icyl ic  acid .  T h i s  ac id  s hou l d ,  
f r o m  a t h e o r e t i c a l  p o i n t  of view, h a v e  t h e  s a m e  poss ib i l -  
i t y  as  P A B A  t o  c o m p e t e  w i t h  P A S ,  as  b o t h  c o n f i g u r a t i o n s  
are r e p r e s e n t e d  in  P A S .  All t h e s e  f i n d i n g s  seem t o  p o i n t  
to a n  i m p o r t a n t  role  of  ] ?ABA for  t h e  tubercle  bac i l lus .  
T h a t  P A B A  is p r o d u c e d  b y  t h e  t u b e r c l e  bac i l lus  is s h o w n  
by SJOGREN a n d  EKSTRAND 1 a n d  P o ~  a n d  SMITH 2. 
However ,  P A B A  is in  i tse l f  no  g r o w t h  f a c t o r  for  t h e  
t ube rc l e  baci l lus ,  as seen  f rom t h e  a b o v e  e x p e r i m e n t s .  
E v e n  in c o n c e n t r a t i o n s  as tow as 10 -s  to  10 - ~  ree l  no  
s t i m u l a t i n g  ef fec t  of P A B A  c a n  be  d e m o n s t r a t e d .  O n  
t he  c o n t r a r y ,  a l r e a d y  a t  a c o n c e n t r a t i o n  of 10-* reel  
(1.4 r ag%) ,  P A B A  shows  80% i n h i b i t i o n  of t h e  g r o w t h  
of t h e  t u b e r c l e  baci l lus .  As P A B A  n e v e r t h e l e s s  seems  
to  be  of i m p o r t a n c e  for  t h e  t u b e r c l e  bac i l lus ,  i t  s eems  
e n t i c i n g  to  a s s u m e  t h a t  ]?ABA o n l y  is one c o n s t i t u e n t  
of a c o m p l e x  c o m p o u n d  a c t i n g  as a g r o w t h  f a c t o r  for  t h e  
baci l lus .  As a m o d e l  for  such  a s u b s t a n c e  rel ic  ac id  can  
be m e n t i o n e d .  Fol ic  ac id  i t se l f  does  not ,  howeve r ,  a c t  as  
a g r o w t h  f a c t o r  for t h e  t u b e r c l e  bac i l lus  ( c o n c e n t r a t i o n s  
f r o m  10 - s  t o  10 - ~  r ee l  t e s t ed ) ,  I f  s u c h  a c o m p l e x  
c o m p o u n d  is a c t i n g  as  a g r o w t h  fac to r ,  i t  s eems  t o  b e  
]inked with the enzyme systems of the tubercle bac i l l u s  
m a i n l y  t h r o u g h  t h e  P A B A  c o n s t i t u e n t ,  as  P A S  is ab l e  
to  c o m p e t e  w i t h  P A B A .  S u c h  a h y p o t h e s i s  h a s  n a t u r a l l y  
on ly  v a l u e  as  a gu ide  for  c o n t i n u e d  e x p e r i m e n t s  t o  f ind  
more  or  less speci f ic  g r o w t h  f a c t o r s  for  t h e  t u b e r c l e  
baci l lus .  N o  s u c h  f a c t o r  is k n o w n  a t  p r e sen t .  
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Zusammen/assung  

1. Die W i r k u n g  e in iger  h{onoa ln ino -oxybenzoes /~uren ,  
M o n o o x y b e n z o e s ~ u r e n  u n d  i ~ o n o a n f i n o - m o n o o x y b e  nzoe-  
s / iuren  au f  d e n  t u b e r k u l o s t a t i s c h e n  E f f e k t  y o n  P a r a -  
aminosa l i cy l sXure  (PAS)  w u r d e  u n t e r s u c h t .  

2. V o n  den  gepr f i f t en  S u b s t a n z e n  i ib te  n u r  I ' a r a -  
aminobenzoes~Lure ( P A B A )  eine a n t a g o n i s t i s c h e  Wi r -  
k u n g  au f  P A S  aus.  Diese d e u t e t  d a r a u f  h in ,  d a b  P A B A  
ffir T u b e r k e l b a z i l l e n  b e d e u t s a m  ist.  

3. E s  wi rd  a n g e n o m m e n ,  d a b  t~ABA sich als  B e s t a n d -  
tei l  e ines  k o m p l e x e n  W u c h s f a k t o r s  de r  T u b e r k e l -  
baz i l l en  g e l t e n d  m a c h t  u n d  d a b  P A S  d i e s e m  W u c h s -  
f a k t o r  e n t g e g e n w i r k t .  

1 B. S~66~E~ and T. EKSTRAND, Nature 156, 476 (1945). 
H. I~ovm and D.T. S~Tu, Amer. Rev. Tuk:erculosis 51, 559 

(1946). 

D I  S P U T A N D A  

Zur GO o-Rest theorie  i m  Pf lanzenbau  

GABRIELSEN l u n d  l~[ i tarbei ter  = wiesen  d a r a u f  h in ,  d a b  
es s c h o n  f r f ihe ren  U n t e r s u c h e r n  au fge fa l l en  is t ,  d a b  in  

1 E. K. GABRIELSEN, Nature 161, 138 (1948). 
2 E. K. GABRIELSEN und L. SCUOU, Expel  6, 116 (1949). 

gesch lossenen  S y s t e m e n  grf ine P f l a n z e n  o d e r  Tei le  da -  
yon ,  se lbs t  bet  i n t e n s i v s t c r  ]3e l ich tung ,  n i c h t  I/ ihig s ind,  
d ie  y o n  i h n e n  a u s g e a t m e t e n  M e n g e n  yon  CO s v611ig h in -  
w e g z u a s s i m i l i e r e n  1. D e r  p r a k t i s c h  e m i n e n t  w i c h t i g e  
S i n n  des  s ich  u n t e r  so l chen  U m s t ~ i n d e n  e i n s t e l l e n d e n  
G r e n z w e r t e s  a n  CO z w u r d e  v o n  m i r  1919 ~ u n d  1920 in  
de r  A b h a n d l u n g  Kohlensiiura und  P]lanzen (W. K n a p p ,  
Ha}le) a u f  d e n  Se i t en  1 -40  e i n g e h e n d  h i n s i c h t l i c h  a l l en  
P f l a n z e n w u c h s e s  u n d  a l l e r  ~ * a h r u n g s s c h S p f u n g  a u f  
E r d e n  e r 6 r t e r t .  A u c h  d e n  A u s d r u c k  Schwellenwert 
(T re sho ld  Va lue )  f i n d e t  m a n  d o r t  b e r e i t s  a u f  dell  S e i t e n  
7 u n d  9. U m  was  es s ich  h a n d e l t ,  e r g e b e n  e in ige  w 6 r t -  
l iche Z i t a t e  aus  m e i n e n  f r i i he ren  A b h a n d l u n g e n .  Auf  
Se i te  40 des  B u c h e s  s te l l t e  ich  z u n ~ c h s t  gegen i ibe r ,  d a b  
im L u f t m a n t e l  de r  E r d e  1530"10 ° T o n n e n  CO., e n t h a l t e n  
seien u n d  d a b  de r  j / ih r l i che  W u c h s  g r i i ne r  P f l a n z e n  
86,5.109 T o n n e n  CO.~ v e r b r a u c h e .  E s  k 6 n n t e n  also in 
e i n e m  J a h r e  1/1 s de r  i m  L u f t m a n t e l  dc r  E r d e  vor -  
h a n d e n e n  CO2-1V[engen v e r s c h w i n d e n ,  d e r e n  G e h a l t  a lso 
yon  30 au f  28,34/100 000ste l  fa l len.  D a n n  f u h r  ich w 6 r t -  
l ich fo r t :  ( ( I m m e r h i n  cine Gr6Be, die uns  b e r e i t s  r e c h t  
ve rd t i ch t i g  sein sollte,  a b e r  schl ieBl ich  doch  n o c h  n i c h t  
sagt ,  d a b  die CO,~ in de r  L u f t  m a n g l e :  d e n n  wi t  h a b e n  
gesehen ,  d a b  de r  I n n e n d r u c k  de r  P f l a n z e n  w o h l  a u c h  
n o c h  e inc  V e r m i n d e r u n g  u m  ein  wei te res  1[1 ~ a n t  
26 ,68 /100000  zul/iBt, w o d u r c h  s c h o n  diese d i s p o n i b l e  
COo-~V[enge a u f  da s  D o p p e l t e  des  N 6 t i g e n  wi ichse .  
A u B e r d e m  h 6 r e n  die d a u e r n d e n  Que l l en  fiir CO., a u e h  
nie  au f  zu s t r 6 m e n  u n d  neue  M e n g e n  d a v o n  in  die L u f t  
zu  c n t s e n d e n ,  wie die t i e r i s che  A t m u n g ,  d ie  V e r w e s u n g s -  
prozesse ,  die ]3oden tRt igke i t  usw. I n d e s s e n ,  was  i m  
grol3en M i t t e l  a ls  h i n r e i c h e n d  e r sche in t ,  a n d  n a m e n t l i c h  
d a n n ,  w e n n ,  wie b e m e r k t ,  die v o r h a n d e n e  CO~-~[enge 
d o c h  n u r  g e r a d e  h i n r e i c h e n d  ist ,  I i i h r t  n a t u r g e m / i B  in  
spez ie l l en  F~illen l e i ch t  zu e i n e m  Z u s t a n d e  des  l~Iangels. 
Also w e n n  die  COl in  de r  Atmosph~i re  woh l  a u c h  n i c h t  
i m m e r  i m  l~f inimum ist ,  so s i n d  d o c h  s e h r  l e i ch t  Fii l le 
m6gl ich ,  we  sie es w i rk l i ch  is t  b z w . / i u B e r s t  l e i ch t  in  d e n  
S t a n d  des  M i n i m u m f a k t o r s  b e i m  P f l a n z e n w u c h s  ge- 
r i i t . . . ~  Dies  w a r  de r  S i n n  de r  1917 k o n z i p i e r t e n  u n d  
1919 v e r 6 f f e n t l i c h t e n  C O 2 - R e s t h y p o t h e s e  bzw.  R e s t -  
t h e o r i e :  De r  m i t t l e r e  CO~-Geha l t  de r  L u f t  yon  u m  
0 , 0 3 0 %  ist  n i c h t  das  R e s e r v o i r  a n  CO2, au s  d e m  die 
G r i i n p f l a n z e n  be l ieb ig  s c h 6 p f e n  k 6 n n e n ,  s o n d e r n  de r  
m i t t l c r e  R e s t  ode r  l~lberbleibsel,  d en  sic u n t e r  d e n  
mittleren h e r r s c h e n d e n  B e d i n g u n g e n  yon  L ich t ,  T e m p e -  
r a t u r  u n d  F e u c h t e  u n d  s o n s t i g e m  n i c h t  m e h r  a u s n / i t z e n  
k 6 n n e n .  S c h o n  d a m a l s  l e i t e te  ich ab, d a b  bet  s t a r k e r  
B e l i c h t u n g  d ieser  YVert ev t l .  a n t  0 ,010% h e r a b g e h e n  
k 6 n n e .  U n d  i n d e m  ich  in den  fo lgenden  30 J a h r e n  die 
L u f t  a n  den  v e r s c h i e d e n s t e n  O r t e n  Eur(~pas m~te r such te ,  
z . B .  im B i n n e n l a n d e  N o r d d e u t s c h l a n d s  a, a m  S t r a n d e  
de r  Nordsee  *, i m  H o c h g e b i r g e  u m  D a v o s  u n d  l~fuot tas  
Mura i l  5, g e l a n g t e  ich schl ieBl ich  dazu ,  i m  geschlosse-  
n e n  S y s t e m  -- es w u r d e n  I<ronen  y o n  F l i e d e r h o c h -  
s t / i m m c h e n  in  C e l l o p h a n s 5 c k e  e ingesch los sen  -- d e n  
R e s t w e r t  a n  A t m u n g s - C O ~  1929 ~ m i t  0 , 0 0 9 - 0 , 0 1 2 %  
fes tzus te l t en ,  a lso g e n a u  i d e n t i s c h  wie GABRIELSEN dies  
1948 ftir H o l l u n d e r b l / i t t e r  l a n d .  I n d e m  ich  e in ige  d e r  
S'~tze aus  d e r  S c h l u B z u s a m m e n f a s s u n g  d iese r  ~{ i t t e i l ung  
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