
[15. IV. 1951] Kurze Mitteilungen - Brief Reports 141 

Bei den xenoplastischen Experimenten friiherer Auto- 
ren (HoI_TFRETER, ~OTMAN, WAGNER 1) waren chim~rische 
Haftf~den entstanden, in denen das axiale Mesenchym 
gemischten Charakter hatte, die epidermale Wand aber 
rein Triton war. Die hier vorliegenden Chim~ren gehen in 
der Mischung welter, indem auch dieEpidermis chim~risch 
aufgebaut ist. 

Es ist eine allgemeine Erfahrung, daB induzierende Fak- 
toren nicht artgebunden sind, sondern sich bei gr6Beren 
systematischen Gruppen vertreten k6nnen. Weniger klar 
aber ist bis jetzt,  in welchem Grade auch die reagierenden 
Gewebe allgemeine vertretbare morphogenetische Fiihig- 
keiten besitzen (vgl. BALTZER2). Die vofliegenden Ver- 
suche wurden unternommen (und werden fortgesetzt), um 
Material zu dieser Frage beizubringen. Dabei soll hier 
gerade die Entwicklung eines Organes analysiert werden, 
dessen Homologie in den beiden Ordnungen bestr i t ten ist, 
das in den beiden reinen Arten zwar iihnliche Funkt ion 
hat, aber verschieden gebaut ist und eine verschiedene 
Entwicklung durchl/~uft ~. F. BALTZER und P. S. CHEN 

Zoologisches Ins t i tu t  der UniversittLt Bern, den 2. Ja- 
nuar 1951. 

Summary 
Chimeric adhesive organs produced by xenoplastic ecto- 

dermal transplantations between Bombinator and Triton 
germs are described. The adhesive organs are very differ- 
ent in the two amphibian groups. The projecting rod- 
shaped balancer of the Triton larva is formed by two 
epidermal layers and an axial mesodermal core (mesecto- 
derm),while the flat adhesive sucker of theyoungBombinator 
tadpole consists mainly of one epidermal layer of secretion 
cells. Probably the two organs are ei ther non-h0mologous, 
or the homology is partial  only. Nevertheless, in the 
chimeras young balancers are formed, the epidermal 
layers and the mesectoderm of which are provided in 
part by Triton and in part  by Bombinator. 

I G.WAGNER, Rev. suisse Zool.~i6 (1949); dortgenauere Literatur. 
2 12. BALTZER, Rev. Suisse Zool. 57 (1950). 
3 Die Arheit wurde mit Hilfc der Dr.-JoAcmM-DE-GtAcoMI-Stif- 

tung der Schweizerisehen Naturforschenden Gesellsebaft ausgeffihrt. 

Antagonism between Streptomycin and 
Para-Aminosalicylic Acid 

Para-aminosalicylic acid (PAS) has a t t rac ted  much 
attention as an antitube<cular agent, effective by itself 
and even more so when administered with s treptomycin.  
The rapidi ty  wi th  which 1Viycobacteria develop resist- 
ance to s t reptomycin  is well known;  they  may  also 
become resistant  to PAS x. However ,  concomitant  ex- 
posure to both  drugs prevents  development  of resistance 
to either one ~. 

Although Mycobacter ia  appear  to  be especially sensi- 
tive to PAS, Escherichia coli may be used convenient ly  
as a test organism to s tudy  the interact ion between P A S  
and s t reptomycin in vitro 3. 

The present report  emphasizes the impor tance  of 
relative concentrat ions of PAS and s t reptomycin  in de- 
termining the response of s t reptomycin-sensi t ive organ- 
isms to mixtures of the two drugs and the antagonism 
between PAS and s t r e p t o m y c i n  act ing together  on a 

z G. Ivkyowcs, Exper. 6, 108 (1950). 
2 A. DELAUDE, Paris Mddieal 40, 458 (1950). 
a K. J. DIVATIA, J. DUFRENOY, and R. PRATT, J. Amer. Pharm. 

Assoc., Sei. Ed. 39, 170 (1950). 

s t reptomycin-resis tant  strain derived from an originally 
sensitive culture. 

Experimental 

From a strain of E. coli init ial ly sensitive to strepto- 
mycin  (growth prohibited by 7 #g/ml), we secured, by 
repeated sub-culturing in increasing s t reptomycin  con- 
centrations,  a strain which, if given sufficient t ime, grew 
in broth containing 300,000/~g of s t reptomycin  per ml. 
This strain was not  s t reptomycin-dependent ,  since it  
grew well in broth lacking streptomycin.  
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Fig. I. - Diagrammatic representation of growth response of a 
streptomycin-resistant strain of Escherichia toll in cylinder plate 
tests when different amounts of PAS were incorporated in the agar. 
Cylinders (not shown) contained solutions of streptomycin (50,000/zg/ 
ml) in buffer. Only a small segment of the agar surface, including the 
area in which growth was affected by streptomycin and part of the 
adjacent unaffected area, is diagrammed. Heavy, medium, and light 
growth in the background areas are represented by + % + ,  + + ,  

and +, respectively. See text for further explanation. 

Using a modified cylinder-plate technique z, we seeded 
nutr ient  agar plates containing different concentrat ions 
of PAS with 1 per cent suspensions of 18 hour broth 
cultures of the resistant  strain. Other plates were seeded 
with cultures of the original s t reptomycin-sensi t ive 
strain. S t rep tomycin  solutions (50,000 #g/ml) were plac- 
ed in the cylinders, and the plates were incubated 
18 hours at  37°C. The results reported are from eight 
exper iments  performed in quadruplicate.  

Plates seeded with the sensitive strain yielded the 
convent ional  pa t te rn  of clear zones surrounded by areas 
of good growth except  t ha t  on media containing 
250 × 10 -s  moles or more PAS per ml growth outside 
of the inhibit ion zones was weak. At  a PAS concentra-  
t ion of 1000 × 10 -s  moles per ml growth was completely 
checked and the plates were clear whether  s t reptomycin  
was present or absent. 

On plates seeded with the resistant strain an entirely 
different pa t te rn  obtained. This is shown diagrammatic-  
ally in figure 1. On control  plates (no PAS) there was 

I J.DUFRENOY and R. PRATT, J.Bact. 55, 657 (1947). - R. PRATT 
and .]'. DUFRENOV, Antibiotics (Lippincott, Philadelphia, 1949). 
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some  a d v e r s e  e f fec t  due  to  s t r e p t o m y c i n ,  b u t  as t h e  
c o n c e n t r a t i o n  of P A S  in  t h e  m e d i u m  was  inc reased ,  t h e  
d e t r i m e n t a l  e f fec t  of s t r e p t o m y c i n  was  d i m i n i s h e d .  W h e n  
t h e  P A S  c o n c e n t r a t i o n  was  i nc r ea sed  to  levels  t h a t  in-  
h i b i t e d  g r o w t h  (250 × 10 - s  moles  or  m o r e  p e r  ml)  t h e  
e f fec t  of s t r e p t o m y c i n  was  r eve r sed  a n d  g r o w t h  of  t h e  
o r g a n i s m s  was  e n h a n c e d .  A t  t h e  h i g h e s t  c o n c e n t r a t i o n  
of P A S  (1000 × 10 - s  moles  pe r  ml),  g r o w t h  o c c u r r e d  
o n l y  in  a zone i m m e d i a t e l y  a r o u n d  t h e  c y l i n d e r s  f rom 
w h i c h  s t r e p t o m y c i n  was  d i f fus ing .  

These  r e su l t s  sugges t  t h a t  in  t h i s  s t r e p t o m y c i n - r e s i s t -  
a n t  s t r a i n  of E.  coIi t h e r e  is a n  a n t a g o n i s t i c  r e l a t i o n  
b e t w e e n  P A S  a n d  s t r e p t o m y c i n  a n d  t h a t  w h e n  t h e  con-  
c e n t r a t i o n  of P A S  is su f f i c i en t ly  h i g h  t o  p a r t i a l l y  or 
c o m p l e t e l y  b l o c k  some  process  e s sen t i a l  for  g r o w t h  of 
t h e  o r g a n i s m s ,  t h e  r e s i s t a n t  s t r a i n  is ab l e  to  m e t a b o l i z e  
s t r e p t o m y c i n  in  s u c h  a w a y  as  to  b y - p a s s  t h e  b l o c k e d  
r e a c t i o n .  R e s u l t s  o b t a i n e d  b y  p e r m i t t i n g  P A S  a n d  
s t r e p t o m y c i n  to  di f fuse  s i m u l t a n e o u s l y  f r o m  c y l i n d e r s  
p l aced  on  seeded  p l a t e s  w i t h  n o  P A S  in  t h e  m e d i u m  
ru led  o u t  t h e  pos s ib i l i t y  t h a t  e i t h e r  P A S  or  s t r e p t o m y c i n  
was  c h e m i c a l l y  i n a c t i v a t e d  w h e n  t h e  t w o  d r u g s  were  
mixed .  T h e  b i o c h e m i c a l  i m p l i c a t i o n s  of t h e s e  o b s e r v a -  
t i ons  co r r e l a t e  well  w i t h  t h e  r e su l t s  p u b l i s h e d  b y  MAS- 
SART ~ to  t h e  ef fec t  t h a t  s t r e p t o m y c i n ,  w h i c h  b y  i t se l f  
does  n o t  a f fec t  yeas t ,  m a y  re l ieve  t h e  i n h i b i t i o n  of 
r e s p i r a t i o n  c a u s e d  in t h a t  t e s t  o r g a n i s m  b y  t r y p a f l a v i n e  
or  o t h e r  agen t s .  I t  s h o u l d  be  r eca l l ed  t h a t  t h e  e f fec t  of  
s t r e p t o m y c i n  or  of P A S  d e p e n d s  m a r k e d l y  on  t h e  
p h y s i c o - c h e m i c a l  c o n d i t i o n s  p r e v a i l i n g  in  t h e  s o l u t i o n s  *, 
a n d  n o t a b l y  on  t h e  p r e sence  of c e r t a i n  c a t i o n s  or  a n i o n s  *. 
There fo re ,  f u r t h e r  i n t e r p r e t a t i o n  a n d  d e v e l o p m e n t  of 
ou r  r e su l t s  m a y  be  e x p e c t e d  f rom f u r t h e r  r e sea rch  on  t h e  
r e l a t i o n s h i p  b e t w e e n  p h y s i c o - c h e m i c a l  p h e n o m e n a  in 
so lu t i ons  of P A S  a n d  s t r e p t o m y c i n  a n d  t h e  r e sponses  
t h e y  el ic i t  in  t e s t  o rgan i sms .  

Our  r e su l t s  o b t a i n e d  in vitro w i t h  Escherichia coli 
p r o v i d e  e x p e r i m e n t a l  s u p p o r t  for  t h e  c l in ica l  v i ew t h a t  
P A S  t h e r a p y  s h o u l d  be  i n s t i t u t e d  c o n c o m i t a n t l y  w i t h  
s t r e p t o m y c i n  t h e r a p y  a n d  t h a t  c o m b i n e d  P A S - s t r e p t o -  
m y c i n  t h e r a p y  s h o u l d  n e v e r  be  s t a r t e d  a f t e r  p r e l i m i n a r y  
t r e a t m e n t  w i t h  s t r e p t o m y c i n  a lone  a. T h e  s a m e  c l in ica l  
p r e c a u t i o n  s eems  to  a p p l y  t o  o t h e r  d iseases  t h a t  a re  
a m e n a b l e  to  s t r e p t o m y c i n  t h e r a p y .  

We wish to acknowledge the courtesy of the following firms 
which supplied streptomycin and/or para-aminosalieylic acid for this 
work: Barnes-Hind Laboratories, San Francisco, California; Cutter 
Laboratories, Berkeley, California; Heyden Chemical Corp., Prince- 
ton, New Jersey; Merck and Co., Rahway, New Jersey; Chas. Pfizer 
and Co., Brooklyn, New York. 
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U n i v e r s i t y  of Ca l i fo rn i a  College of P h a r m a c y ,  San  
F ranc i sco ,  Cal i forn ia ,  S e p t e m b e r  30, 1950. 

Zusammen[assung  

E i n  gegen  S t r e p t o m y c i n  e m p f i n d l i c h e r  S t a m m  yon  
Escherichia coli k a n n  d u r c h  t / ig l iches  m e h r f a c h e s  l~lber- 
i m p f e n  in  e ine N~ihr l6sung m i t  s t e i g e n d e m  G e h k l t  a n  
A n t i b i o t i k u m  g e g e n t i b e r  S t r e p t o m y c i n  r e s i s t e n t  ge- 

1 L. MASSART, Arch. Intern. Pharmaeodynamie 80, 44 (1949). 
2 j .  SOLOmD£S, C.r. Soc. Biol. 144, 105 (1950); Ann. Inst. 

Pasteur 78,602 (1950). - J. SOLOMm#.S and E. BOURLAND, C. r. Soc. 
Biol. 143, 181 (1949). 

a T. BERT% Arch. Intern. Pharmacodynamie 82, 23 (1950). 
4 A. DELAUDE, Paris M6dical 40, 458 (1950). - W. J. DILLISG, 

Proc. Roy. Soc. Med. 43, 53 (1950). 

m a c h t  w e r d e n .  Diese r  S t a m m  wl ichs t  -- w e n n  geniigend 
Zei t  ge lassen  w i rd  - in e ine r  L6sung ,  die 300mg 
S t r e p t o m y c i n  p ro  L i t e r  e n t h ~ l t .  E r  ze ig t  a u c h  normales 
W a c h s t u m  in A g a r  o h n e  S t r e p t o m y c i n  u n d  im gteichen 
Med ium,  da s  0 bis  100 x 10 - s  Mole p-Aminosal izyls / ture  
p e r  c m  3 en th / i l t .  Die  B a k t e r i e n  w a c h s e n  h i n g e g e n  nicht 
bei  e ine r  K o n z e n t r a t i o n  v o n  1000 × 10 - s  Mole P A S  pro 
cm s, w e n n  n i c h t  S t r e p t o m y c i n  h i n z u g e f i i g t  wird.  In 
d ie sem Fa l l  s c h e i n t  S t r e p t o m y c i n  die w a c h s t u m s h e m -  
m e n d e  W i r k u n g  groBer  P A S - K o n z e n t r a t i o n e n  zu neu- 
t ra l i s ie ren .  

The  Colchic ine- l ike  Act ion  of an Acridine 
Der ivat ive  

A c r i d i n e  d e r i v a t i v e s  h a v e  b e e n  k n o w n  as mitotic 
po i sons  for  m a n y  y e a r s : .  I n  t h e s e  l a s t  y e a r s  t h e y  were 
i n v e s t i g a t e d  ch ie f ly  as  b a c t e r i o s t a t i c  a n d  bacter ic idal  
s u b s t a n c e s .  R e c e n t l y  we f ind  a n  i m p o r t a n t  p a p e r  of 
I. LASNITZKI a n d  j .  H. WILKINSON 2, w h o  inves t iga ted  
t h e  a c t i o n  of some  a m i n o - a c r i d i n e s  on  t h e  g r o w t h  of 
ch i ck  f i b r o b l a s t s :  all  s u c h  ac r id ine  d e r i v a t i v e s  caused 
d i s t u r b a n c e  of o u t g r o w t h  a n d  (or) r e d u c t i o n  of mitoses. 
A t  t h e  h i g h e r  c o n c e n t r a t i o n s  r o u n d i n g  a n d  vacuol isa t ion  
of nuc leo l i  a n d  v a c u o l i s a t i o n  of t h e  c y t o p l a s m  could be 
o b s e r v e d .  Cells were  p r e v e n t e d  f r o m  e n t e r i n g  i n t o  divi- 
s ion,  b u t  t h e r e  was  n o  i n t e r f e r e n c e  w i t h  t h e  actual 
p rocess  of d iv i s ion ,  in  c o n t r a s t  to  co lch ic ine .  Therefore 
a b n o r m a l  m i to se s  were  n o t  found .  

I t  s e e m e d  i n t e r e s t i n g  t o  s t u d y  t h e  a c t i o n  on  tissue 
c u l t u r e s  of a n  ac r id ine  d e r i v a t i v e  t h a t  b e a r s  a long  side- 
c h a i n  a n d  h a s  b e e n  a l r e a d y  i n t r o d u c e d  as A t e b r i n  into 
h u m a n  t h e r a p y ,  p rec i se ly  w i t h  t h e  a i m  of p r e v e n t i n g  the 
m u l t i p l i c a t i o n  of a n  a n i m a l  cell, t h e  ma l a r i a -p l a smod ium,  
whose  m e t a b o l i s m  r e s e m b l e s  v e r y  c losely  t h a t  of the 
cells of h i g h  v e r t e b r a t e s  3. I t  m a y  be  i m p o r t a n t  to 
a s c e r t a i n  w h e t h e r  t h e  t ong  s i d e - c h a i n  modi f i e s  t h e  cari0- 
t rop ic  a c t i v i t y  of such  c o m p o u n d s  in some  way.  

W e  used  t h e  i t a l i a n  p r e p a r a t i o n  I tMchina (Farmita l ia) .  
S t r u c t u r a l  f o r m u l a :  

HaC-- CFt-- CH 2 -- CH 2 -  CHa -- N (  C~H5 
I \CzH5 
NH 
I 

q / N / K - o c H ~  

N 

Technique. T h e  c u l t u r e s  were  o b t a i n e d  f rom t h e  cardiat 
r eg ion  of g e n e r a l l y  8 - 1 0  d a y s  o ld  c h i c k  e m b r y o s  and 
g r o w n  b y  t h e  h a n g i n g - d r o p  t e c h n i q u e  in  a medium 
c o n s i s t i n g  of one  p a r t  c h i c k  p l a s m a ,  one  p a r t  chick 
e m b r y o  e x t r a c t ,  a n d  one  p a r t  of T y r o d e  (controls)  or 
I t a l c h i n a - s o l u t i o n  in T y r o d e ;  a c c o r d i n g  to  t h i s  method 
(M. I) t h e  ac r id ine  d e r i v a t i v e  a c t e d  on  t h e  cells during 
t h e  whole  p e r i o d  of g r o w t h .  

T h e  c o n c e n t r a t i o n  of t h e  c o m p o u n d  d e f i n i t e l y  acting 
on  g rowing  cells was  of course  one  t h i r d  of t h e  con- 
c e n t r a t i o n  of t h e  a d d e d  so lu t ion .  I n  some  se ts  of ex- 
p e r i m e n t s  (wh ich  a re  ca l l ed  " M .  I I "  in  t h i s  paper )  we 
a d d e d  t h e  I t a l c h i n a - s o l u t i o n  a f t e r  24 o r  m o r e  hours  of 

: A. P. DUST:N, C. r. Soc. Biol. Paris 9~, 465 (19~25). - O. B u c ~ ,  
Z. Zellforsch. 29, 283 (I939). 

2 I. LASNITZKI and J .H .  WILKINSON, Brit. J. Cancer 2, 369 
(1948). 

3 j .  W. MOULDER, Ann. Rev. of microbiol, 2, 101 (1948). 


