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T h e  E f f e c t  o f  I n d o I e  D e r i v a t i v e s  

o n  

Mycobacterium tuberculosis 

I t  was  r e c e n t l y  s h o w n  b y  ABDEL K&DER a n d  ZAKI x 
t h a t  t r y p t o p h a n e  h a s  a b a c t e r i o s t a t i c  ef fec t  o n  3lyco- 
bacterium (M.) [uberculosis hominis b o t h  in vitro a n d  in 
vivo in g u i n e a  pigs. T h e  t u b e r c u l o s t a t i c  ef fec t  was  a t t r i b -  
u t e d  as  p r o b a b l y  due  to  t r y p t o p h a n e  per se or  t o  one  of 
i t s  m e t a b o l i c  p roduc t s .  T r y p t o p h a n e  is a n  indo le  de r iv -  
a t i v e  (a -amino- f l - indo ly lprop ion ic  acid) .  T h e  p re sence  of  
t h e  indote  r ing  in  t h e  t r y p t o p h a n e  molecule  m i g h t  pos-  
s ib ly  be  respons ib le  for  i t s  t u b e r c u l o s t a t i c  effect .  5 -hydro-  
xy indo l eace t i c  acid ha s  b e e n  iden t i f i ed  as one  of t h e  uri-  
n a r y  m e t a b o l i c  p r o d u c t s  of t r y p t o p h a n e  L The  s p u t u m  of 
t u b e r c u l o u s  p a t i e n t s  was  s h o w n  also to  c o n t a i n  indo le  3. 
Th i s  p r o m p t e d  t h e  desire  to  s t u d y  t h e  effect  of indole  a n d  
o t h e r  indole  de r iva t ives ,  w h i c h  a re  m e t a b o l i c  p r o d u c t s  of 
t r y p t o p h a n e ,  on  t h e  g r o w t h  of M. tuberculosis hominis 
b o t h  in vitro a n d  in vivo. 

F o r  t h i s  purpose ,  indole,  3- indoleace t ic  acid,  a n d  fl- 
[ indoly l - (3) ] -propionic  acid h a v e  b e e n  used  in t h i s  in-  
ve s t i ga t i on .  The  P r o s k a u e r - B e c k  s y n t h e t i c  l iqu id  m e d i u m  
(Vorwa ld ' s  modi f i ca t ion)  ~ h a s  b e e n  used  to  t e s t  t h e  effect  
of t he se  c o m p o u n d s  o n  t h e  g r o w t h  of M. tuberculosis homi- 
his. T h e  s y n t h e t i c  m e d i u m  cons is t s  of m a g n e s i u m  c i t r a t e ,  
m o n o p o t a s s i u m  p h o s p h a t e ,  m a g n e s i u m  su lpha t e ,  glycerol ,  
a n d  a s p a r a g i n e  as  t h e  on ly  source  of n i t rogen .  T h e  indo le  
c o m p o u n d s  were  used  in  d i f f e r en t  c o n c e n t r a t i o n s  in  t h e  
m e d i u m  e i t h e r  c o n t a i n i n g  a s p a r a g i n e  (0-038 M. )  o r  w i th -  
o u t  i t .  G r o w t h  was  r eco rded  a t  week ly  i n t e r v a l s  for  a 
p e r i o d  of 6 weeks .  T h e  re su l t s  a re  r eco rded  in  t h e  Tab le .  
A f t e r  t h e  6 weeks  pe r iod  of  o b s e r v a t i o n ,  t h e  t i g h t l y  sc rewed  
b o t t l e s  c o n t a i n i n g  t h e  cu l t u r e s  w i t h  indo leace t i c  ac id  a n d  
indo lep rop ion ie  ac id  were  a u t o c l a v e d  a n d  e x t r a c t e d  w i t h  
e the r .  T h e  e t h e r  e x t r a c t  was  t e s t e d  for  indole  b y  t h e  
m e t h o d  of HAPPOLD a n d  HOYLE n. B l a n k  e x p e r i m e n t s  
were  m a d e  on  s imi la r ly  a u t o c l a v e d  indo leace t i c  a n d  in-  
do leprop ion ic  ac ids  for  compar i son .  Th i s  e x p e r i m e n t  
s h e w e d  pos i t i ve  r e su l t s  for  indole  in  t he  cu l tu res ,  whe rea s  
t h e  b l a n k s  gave  n e g a t i v e  resul ts .  

I t  is c lea r  f rom t h e  Tab le  t h a t  indo leace t i c  ac id  a n d  
indo lep rop ion ic  acid,  in  c o n c e n t r a t i o n s  v a r y i n g  f rom 0.038 
t o  0.005 M, h a d  a n  i n h i b i t o r y  ef fec t  on  t h e  g r o w t h  of t h e  
M. tuberculosis hominis. A t  h i g h  c o n c e n t r a t i o n s  of t h e  
t w o  c o m p o u n d s ,  c o m p l e t e  i n h i b i t i o n  of g r o w t h  occur red .  
IudoIe  in  c o n c e n t r a t i o n s  of 0,038 a n d  0-020 M also in-  
h i b i t e d  t h e  g r o w t h  of  t h e  m y e o b a c t e r i a .  W h e n  coup led  
w i t h  a s p a r a g i n e  (0.038 M), indole  affected t h e  growth 
o n l y  to  a m u c h  less e x t e n t .  

These  f ind ings  p r o m p t e d  t h e  des i re  to  s t u d y  t h e  ef fec t  
of  t he se  indo le  d e r i v a t i v e s  on  t h e  d e v e l o p m e n t  of  t u b e r -  
culosis  in  g u i n e a  pigs. F o r  t h i s  p u rp o s e  21 g u i n e a  pigs 
(weighing  b e t w e e n  250 a n d  300 g, of b o t h  sexes) were  
c h o s e n  f rom t h e  l a b o r a t o r y  s tock.  T h e  t e c h n i q u e  of 
FELDMAN a n d  Hr~rS~rAW 4 in  assess ing  t h e  e f fec t  of  indole  
d e r i v a t i v e s  on  m y c o b a c t e r i a  in vivo was fol lowed exac t ly .  
T h e  g u i n e a  pigs se lected for  i n v e s t i g a t i o n  were g ro u p ed  
i n to  7 b a t c h e s  of 3 a n i m a l s  each.  All  a n i m a l s  were  in-  
fec ted  w i t h  a v i r u l e n t  s t r a i n  of M ,  ~uberculosis hominis 
(0.001 m g  of o rgan i sm)  b y  i n t r a m u s c u l a r  i n j e c t i o n  in  
t h e  ins ide  of t h e  r i g h t  t h igh .  T h e  f i rs t  g roup  of a n i m a l s  
(g roup  A) were  used as  controls. G r o u p  13 were  s i m u l t a n e -  
ous ly  t r e a t e d  w i t h  i n t r a m u s c u l a r  i n j ec t i on  of 6 m g  s t r ep to -  
m y c i n  3 t i m e s  a week  a n d  5 m g  I N H .  ( i sonicot inyl -  
h y d r a z i d e ,  R imi fon)  o ra l ly  dai ly .  T r e a t m e n t  s t a r t e d  im-  
m e d i a t e l y  a f t e r  i n f ec t i on  a n d  c o n t i n u e d  for  15 days% 
G r o u p  C a n d  D were  g iven  s i m u l t a n e o u s l y  indo leace t i c  
ac id  a n d  indo lep rop ion ie  ac id  r e s p ec t i v e l y  for  15 days .  
Doses  of 25 m g  of t h e s e  ac ids  were  a d m i n i s r e t e d  sub-  
c u t a n e o u s l y .  I n  g r o u p  E a n d  F,  t h e s e  s a m e  c o m p o u n d s  
in  t h e  s ame  doses  were  a d m i n i s t e r e d  a f t e r  15 d a y s  of in-  
f ec t ion  in  a m a n n e r  s imi l a r  to  t h a t  in  g roups  C a n d  D. 
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The effect of different indole derivatives on the growth of Mycobacterium tuberculosis hominis in Proskauer medium 
for a period of 6 weeks 

Compound Added 

No Nitrogen . . . . . . . . . . . . . . .  
L( - ) Asparagine . . . . . . . . . . . . . .  
/~- [Indolyl-(3)]-propionic acid . . . . . . . .  

3-Indoleacetic acid . . . . . . . . . . . . .  

Indole . . . . . . . . . . . . . . . . . .  

L( - )Asparagine 
+ 

Indole 

Concentration (Molar) 

0.038 
0-038 
0-020 
0-010 
0.005 
0.038 
0-020 
0-010 
0.005 
0-038 
0.020 
0-038 

+ 
0.020 
0.010 

I 

Growth durin 
h ~ 1 C2 
I 

- -  1 +  
~+ 4 +  6 +  

- -  - -  1 +  

- -  - -  1 +  

- -  - -  1 +  

- -  1 +  

- -  - -  1 +  

- -  - -  1 +  

1 +  
1 +  

Degree of growth as judged by the richness of the surface pellicle: 
1+ ~ + , 2 +  = + + , 3 +  ~ + + + , 4 +  = + + + + ,  5+  = + + + + + , 6 +  = + + + + + +  

6 Weeks 

4 5 

1+ 1 +  
5+ 6 +  

i +  1 +  
1 +  1 +  

I+ I +  
1 +  1 +  
1 +  I +  
1 +  1 +  

2 +  2 +  
2 +  2 +  

N o t e :  The surface pellicle of the t~lbcrcle 9rganism in cases of indole derivatives acquires a brownish red colour 

6 

1 +  
6 +  

I +  
1 +  

1 +  
1 +  
t +  
1 +  

2 +  
2 +  
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The last group G was given, immediately after infection, 
5 mg indole subcutaneously every other day for 30 days. 
The experimental  period was two months, after which the 
animals were sacrificed. During indole administration it 
was found tha t  a daily 25 mg dose was fatal to the guinea 
pigs. For  this reason the 5 mg dose was chosen to be given 
every other day to secure no harmful effect. All animals 
were examined at  autopsy and, in all, touch smears from 
sections of lymph nodes, spleen, liver, and lungs were 
made, stained, and examined. 

The postmortem examination of the control animals 
showed the spread of infection, manifested by enlargement 
and caseation of the regional lymph glands at  the site of 
inoculation with generalization, especially in the liver 
and spleen which were markedly enlarged and full of 
macroscopic miliary nodules all over. Films made and 
stained with Ziehl-Neelsen and examined microscopically 
revealed the presence of the tubercle organism. On the 
other hand, the animals treated with I N H  and strepto- 
mycin showed no macroscopic lesions; the spleens, livers, 
and lymph nodes were normal. Microscopic examination 
proved negative for T. B. The animals treated with indole 
were similar to those treated with I N H  and streptomycin 
showing no lesions. The regional lymph nodes were mark- 
edly fibrosed, and microscopic examination of the films 
showed negative results for T. ]3. 

Indoleacetic acid and indolepropionic acid showed also 
a certain act ivi ty  in limitting the spread of tuberculous 
infection. The lesions in the spleen and liver were much 
less than in the control animals. The regional lymph 
nodes, on the other hand, were similar to those of the 
control animals. Indoleacetic acid was slightly more effec- 
tive than the indolepropionic acid. 

The most interesting finding here is the tuberculostatic 
effect of indole in therapeutic dose (5 mg per animal) 
comparable with tha t  of the INH.  Indole itself shows this 
tuberculostatic effect in vitro and interferes also with the 
utilisation of asparagine for the growth of the tubercle 
organism. The tuberculostatic effect of indoleacetic acid 
and indotepropionic acid in vitro may be due to the oxida- 
tion of the side chain by the microorganism which leads 
to indole production, and this in turn causes the apparent  
inhibition. The same mechanism of producing indole 
might  take place in the tissue cells of the guinea pig. This 
might explain the slight tuberculostatic effect of these 
compounds. I t  seems possible also tha t  the lengthening of 
the side chain in the 3-position of the indole ring lessens 
the tuberculostatic effect of the indole derivative. This 
is shown from the higher ac t iv i ty  of indoleacetic acid than 
the indolepropionic acid. Of course this suggestion re- 
quires confirmation by examining different indole deriv- 
atives ~-ith longer side chain in the 3-position of the 
indole ring. The main drawback of indole is its toxicity. 
]~TS and FEINBERG ? obtained paralysis of the dog jejuno- 
ileum by injecting intravenously 25 or 60 mg indole per 
kg body weight. I t  is considered tha t  indole has a de- 
pressant effect due to a direct action on the smooth 
muscle fibres 8. In fact, indole in 100 mg/kg body weight 
was fatal to the guinea pig. 
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R~sumd 

L'6tude des effets de l ' indole sur l 'organisme M. tuber- 
culosis hominis r6v61a qu'iI est bact6riostatique in vitro et 
in vivo chez les cobayes infect6s par lui (5 mg par jour 
pendant 15 jours). Les acides indol-ac6tiques et indol- 
propioniques sont aussi 14g~rement tuberculostatiques. 

7 H. N. ]~TS and I.M. FEINBERG, Amer. J. Physiol. 136, 646 
(1942}. 
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C h o l e s t e r i n  u n d  F e t t s [ i u r e n  
a l s  E r s a t z  y o n  S e r u m  in  d e r  K u l t u r  

y o n  Trichomonas foetus 

Fiir Trichomonaden wurden halbsynthetische Medien 
entwickelt, die Serum, Tryptiease und Agar als nicht de- 
finierte Bestandteile ben6tigen 1, ~. Neben diesen enthal ten 
sic eine Vielzahl yon organischen and anorganischen Stof- 
fen, deren Bedeutung im einzelnen nicht  v6tlig abgekl~rt 
ist. Unter  diesen :Bedingungen scheint dem Serum der 
Charakter eines essentiellen Wuchsfaktors zuzukommen. 

Nach Untersuchungen yon SPRINCE 3 sind zwei Frak-  
tionen yon Rinderserum wichtig, eine wasserl6sliche und 
eine ~itherl6sliche. Von den in der ~therl6slichen Frakt ion 
vorhandenen Stoffen gilt Cholesterin als wesentlich ~,4,~. 
Die quant i ta t iven Verh~ltnisse in Beziehung zur wasser- 
16slichen Fraktion und die Bedeutung anderer lipoidlSs- 
licher Stoffe sind vofl~ufig nicht geniigend abgekl£rt s. 
Aus diesem Grunde wurde versucht, zun~chst die 5.ther- 
15sliehe Fraktion aus Serum welter zu charakterisieren. 
Es wurden vor  allem Cholesterin und Chotesterin-Fett-  
s~iure-Mischungen gepriift. 

Das Ergebnis der Versuche mit  T./oetus ist folgendes: 
Auf einem der genannten leicht modifizierten halbsynthe- 
tischen NEhrb6den verm6gen Trichomonaden nur  in Ge- 
genwart von mehr als 0,3% der wasserlSslichen Frakt ion 
des Serums allein zu wachsen. Bei niedrigeren Konzen- 
trationen ist jedoch mit  Zusatz yon Cholesterin (10 -5,s) 
ein gleich starkes Trichomonadenwachstum wie mit  e twa 
1% unfraktioniertem Serum m6glich. Die verdtinnte was- 
serl6sliche Serumfraktion wird somit durch Cholesterin 
komplettiert.  Cholesterin allein in entsprechenden Kon- 
zentrationen besitzt keinen Effekt. Die Frage, welcher Art  
der wasserl6sliche Faktor  ist, der Cholesterin als Supple- 
ment  bedarf, um Trichomonadenwachstum zu gestatten, 
wurde bier nicht n~iher verfolgt. 

In  Gegenwaxt einer f/ir die Vermehrung der Tricho- 
monaden allein ungeniigenden Menge der wasserl6slichen 
Fraktion (0,3%) ergibt der Zusatz yon Fetts~uren teil- 
weise eine beschr~nkte Vermehrung (vgl. Tabelle), die im 
Maximum 1/5 der in Gegenwart von Cholesterin (10 -5) 
auftretenden Zellzahl erreicht. Hierbei  fSrdern Stearin-, 
Elaidin- und 01s~ure das Wachs tum in Konzentrat ionen 
yon 10 -5 und weniger, wogegen h6her unges~ittigte Fet t -  
s~uren mit  derselben Anzahl C-Atomen (18), n[~mlich 
Linol- and Linolens~ure, in keiner der geprfiffen Konzen- 
trat ionen f6rdernd wirken. H6here Konzentrat ionen der 
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