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A u x i n  Effects  on T r a c h e a l  Di f ferent ia t ion  in Root  
Cal lus  T i s s u e s  in v i tro  

I n  t h i s  c o m m u n i c a t i o n ,  t he  effects of a u x i n  concen t r a -  
t i on  on  t he  cel lular  o rgan iza t ion  and  t i ssue  d i f f e r en t i a t i on  
in roo t  cal lus t i ssues  of t o m a t o  (Lycopersicum esculentum 
Mill. var .  S u t t o n ' s  'Bes t  of All ')  and  f lax  (Linum usitatis- 
simum L.), g rown  on WHITE'S m e d i u m  1 s u p p l e m e n t e d  
w i t h  coconu t  mi lk  (10%) and  a r ange  of 2,4-D (for 
t o m a t o )  a n d  N A A  (for Linum) concen t r a t i ons ,  are pre-  
sen ted .  

T h e  g r o w t h  of t h e  t o m a t o  cal lus t i ssues  g rown  on  a 
m e d i u m  c o n t a i n i n g  10.0 mg/ l  2 ,4-D was slow, and  was 
a l m o s t  en t i r e ly  t he  resu l t  of m e r i s t e m a t i c  a c t i v i t y  in  t he  
cen t r a l  core of t issue. L i t t l e  obv ious  cel lular  d i f fe rent ia -  
t iort  occur red  in t h e  callus,  t h e  cells p r e sen t ing  a qu i t e  
un i fo rm  appea rance .  I n  t he  callus t i ssues  g rown on t he  
m e d i u m  c o n t a i n i n g  2.0 mg/ l  2 ,4-D the re  was a m a r k e d  
degree of d i f fe ren t ia t ion .  Groups  of t r a c h e a l  e l emen t s  were 
found  s c a t t e r e d  t h r o u g h o u t  t he  pe r iphe ra l  layers  of t he  
cal lus  t issue. Cells on  t he  outs ide  of these  g roups  of 
t r a c h e a l  e l emen t s  showed  clear  ev idence  of m e r i s t e m a t i c  
a c t i v i t y  g iv ing  rise to  new cells t o w a r d s  the  p e r i p h e r y  b y  
per ic l ina l  d iv is ion  walls.  Ac t ive  cell d ivis ion a t  such  
po in t s  gave  t he  callus a p r o n o u n c e d  lobed a p p e a r a n c e  in 
th i s  med ium.  W h e n  t he  cal lus t i ssues  were g rown on  a 
0.2 mg/1 2, 4-D med ium,  t he  t r a c h e a l  e lements ,  i n s t ead  of 
be ing  d i f f e r en t i a t ed  in loose, s ca t t e r ed  pa tches ,  were 
fo rmed  in  c o m p a c t  groups,  des igna ted  ' v a s c u l a r  nodules ' .  
R a d i a t i n g  rows of c am b i um - l i ke  ceils d i f f e ren t i a t ed  on  t he  
o u t e r  m a r g i n  of such  vascu la r  nodules ,  wh ich  looked like 
wel l -def ined g r o w t h  centres .  

The  m o s t  no t i ceab le  dif ference on  a c c o u n t  of changes  in  
N A A  c o n c e n t r a t i o n  in  the  m e d i u m  s u p p o r t i n g  Linum 
cal lus t i ssues  was in t he  degree of t i ssue  o rgan iza t ion .  The  
i r regu la r  p lanes  of d iv is ions  in  t he  m e r i s t e m a t i c  layers  
a n d  u n e v e n  e n l a r g e m e n t  of u n d e r l y i n g  ceils in  t he  cal lus  
t i ssues  g lown  in t he  presence  of more  t h a n  4.0 mg/1 NAA,  
p roduced  a n  uno rgan ized  mass  of ceils; more  regu la r  divi-  
s ions in  t h e  m e r i s t e m a t i c  regions  a n d  a p p r o x i m a t e l y  
equa l  r ad ia l  ex t ens ion  of t he  newly  fo rmed  ceils p roduced  
t he  f a n - s h a p e d  lobes ill med ia  c o n t a i n i n g  2.0 mg/1 N A A  
a n d  less. The  va scu l a r  nodu les  found  in  the  a b o v e  cal lus 

t issues were, however ,  no t  ident ical .  I n  h igher  a u x i n  
media ,  t h e y  were i r regula r  in  ou t l ine  a n d  deep-sea ted  in  
the  callus t i ssue;  b u t  in  lower a u x i n  m e d i u m  t h e y  were 
more  superf ic ia l  and  spher ical ,  w i t h  concent r ic  layers  of 
m e r i s t e m a t i c  cells. I n  callus t issues g rown on med ia  con-  
t a i n ing  0.1 rag/1 NAA, roo t  p r i m o r d i a  d i f fe ren t i a ted  close 
to t he  va scu l a r  nodules.  

The  resu l t s  ind ica te  t h a t  the re  was a m a r k e d  cor re la t ion  
be tween  t he  c o n c e n t r a t i o n  of a u x i n  in t h e  m e d i u m  a n d  t h e  
e x t e n t  of t r a c h e a l  d i f f e ren t i a t ion  in t he  callus cu l tu res  of 
b o t h  t o m a t o  a n d  Linum. W i t h  a v e r y  h i g h  c o n c e n t r a t i o n  
(10.0 mg/1) of aux ins  in  t he  media ,  r e la t ive ly  few t r a c h e a l  
e l emen t s  a p p e a r e d  in t he  cal lus;  b u t  a t  a lower concen-  
t r a t i o n  (2.0 mg/1) of auxin ,  the  d i f f e ren t i a t ion  in to  t r a c h e a l  
e l emen t s  was  considerable .  F u r t h e r  lower ing  of t he  a u x i n  
c o n c e n t r a t i o n  (to 0.1 mg/1) in  t h e  m e d i u m  resu l ted  in  t h e  
d e v e l o p m e n t  of d i s t inc t  vascu la r  nodules  in t he  cal lus  
body.  D e v e l o p m e n t  of such  vascu la r  nodules  a p p e a r e d  to  
be a p re requ i s i t e  for t h e  i n i t i a t i on  of roo t  p r i m o r d i a  in  
Linum cu l tu res  2. 

Zusammenfassung. Organ i s a t i on  u n d  Dif fe renz ierung  
t r a c h e a l e r  E l e m e n t e  im Kal lusgewebe  yon  W u r z e l n  yon  
Lycopersicum esculentum Mill. u n d  Linum usitatissimum 
L. hXngen y o n  der  A u x i n k o n z e n t r a t i o n  der  N~Lhrl6sung 
ab. Der  E f f e k t  der  u n t e r s u c h t e n  Auxine  in Gewebe-  
k u l t u r e n  (2,4-D, NES)  d e u t e t  auf  eine nega t ive  Kor re la -  
t i on  zwischen  A u x i n w i r k u n g  u n d  Di f fe renz ie rung  bin.  
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T h e  Inf luence  of A n t i s e r u m  on the  M e t a s t a s i s  of 
A s c i t e s  Cel l s  f r o m  the  Y o s h i d a  S a r c o m a  

A t  p r e sen t  h u m a n  t u m o u r s  c a n n o t  be  in f luenced  b y  
a n t i s e r u m  1,2. However ,  pass ive  i m m u n i z a t i o n  was found  
to be effect ive on  a n i m a l  t umours ,  especia l ly  asci tes  cells 3 
a n d  leukemia4,  5. 

Our  s tud ies  are concerned  w i t h  the  inf luence  of an t i -  
s e r u m  aga in s t  the  Yosh ida  s a r com a  on the  me ta s t a s i s  of 
asc i tes  cells f rom th i s  t um our .  W e  used the  fol lowing 
m e t h o d :  Asci tes  ceils f rom t he  Y os h i da  sa rcoma  were in- 
j ec ted  s u b c u t a n e o u s l y  i n to  W i s t a r  rats .  8 days  a f t e r  t he  
app l i c a t i on  a n  e x t r a c t  was p r e p a r e d  f rom the  solid tu -  
rnou t  t h a t  h a d  developed.  T he  t issue was homogen ized  
w i t h  0 .9% sod ium chlor ide  (1:10).  I n  order  to  p r oduce  
t h e  a n t i s e r u m  aga ins t  the  t u m o u r ,  we in jec ted  t he  h o m o -  
g e n a t e  i n t r a m u s c u l a r l y  in to  r a b b i t s  (4-5 kg). Deta i l s  con-  
ce rn ing  t he  i so la t ion  of th~ a n t i s e r u m  wil t  be  descr ibed  

sepa ra t e ly  6. The  t i t re  of the  a n t i s e r u m  was d e t e r m i n e d  
b y  the  r ing  t e s t  and  the  m e t h o d  of OUCHTERLONy7. Fo r  
the  e x p e r i m e n t s  r epo r t ed  here  the  t i t r e  was a d j u s t e d  to  
1:160. The  s e r u m  of the  r a b b i t s  was  in jec ted  in t r a -  
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Influence of serum, antiserum and b-mercaptopurine (6-MP) on the metastasis of ascites cells from the Yoshida sarcoma 

301 

Control Antiserum Antiserum Normal Normal 6-MP 
+ 6-MP serum serum + 6-MP 

Number of animals 17 
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Fig. 1. Influence of normal rabbit serum and 6-mercapto- 
purine (6-MP) on the metastasis of ascites cells from the 
Yoshida sarcoma in rats. 30 see prior to the application of the 
ascites cells 0.5 ml serum was injected intravenously. The 
same amount  of serum was applied on days 1, 2, 3, 5, 7, 9, 
11 and 13. In the cases indicated, 6-MP was injected 
subcutaneously together with the serum. 
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Fig. 2. Influence of antiserum against the Yoshida sarcoma and 
of 6-inercaptopurine (6-MP) o11 the metastasis of ascites cells 
from the tumour  in rats. For details see Figure 1. 

v e n o u s l y  i n t o  r a t s  a g e d  80 to  100 d a y s .  6 - M e r c a p t o p u r i n e  
(6-MP) ,  d i s s o l v e d  in  1 N  K O H  a n d  a d j u s t e d  to  p H  7.0 
w i t h  HC1, w a s  a p p l i e d  b y  s u b c u t a n e o u s  i n j e c t i o n  i n t o  
t h e  g r o i n  of  t h e  r a t s ;  t h e  dose  a m o u n t e d  to  0.5 m l  of  a 
s o l u t i o n  1 m g / m l .  F o r  t h e  f i na l  s t u d i e s  t h e  a s c i t e s  ce i ls  
f r o m  t h e  Y o s h i d a  s a r c o m a  we re  i n j e c t e d  i n t r a v e n o u s l y  
i n to  t h e  r a t s  in  a s o l u t i o n  w h i c h  c o n t a i n e d  5 .  10a cel ls  
in  0.5 m l  a n d  a l so  0 . 9 %  s o d i u m  c h l o r i d e  a n d  200 m g %  
g lucose .  Al l  t h e  r a t s  were  d i s s e c t e d  e i t h e r  o n  t h e  d a y  of  
d e a t h  o r  on  t h e  4 0 t h  d a y  a f t e r  t h e  b e g i n n i n g  of  t h e  ex -  
p e r i m e n t .  

As  c a n  be  s e e n  f r o m  F i g u r e  1 a n d  t h e  T a b l e ,  a f t e r  i n t r a -  
v e n o u s  i n j e c t i o n s  of  5 �9 10 s a s c i t e s  ce i ls  f r o m  t h e  Y o s h i d a  
s a r c o m a  in to  r a t s  o n l y  1 o u t  of  17 a n i m a l s  s u r v i v e s  a p e r i o d  
of  40 d a y s  w i t h o u t  d e v e l o p i n g  a t u m o u r .  T h e  o t h e r  16 r a t s  
d ie  w i t h i n  27 d a y s  a f t e r  t h e  a p p l i c a t i o n .  N e i t h e r  s i m u l -  
t a n e o u s  i n j e c t i o n  of n o r m a l  r a b b i t  s e r u m  n o r  of  6 - M P  
s h o w s  a r e m a r k a b l e  e f fec t  o n  t h e  r a t e  of  s u r v i v a l .  W h e n  
t h e  n o r m a l  r a b b i t  s e r u m  is r e p l a c e d  b y  t h e  a n t i s e r u m  
a g a i n s t  t h e  Y o s h i d a  s a r c o m a ,  t h e  r e s u l t  is d i f f e r e n t  (F ig -  
u r e  2 a n d  T a b l e ) .  4 o u t  of  17 r a t s  s u r v i v e  t h e  p e r i o d  of  
40 d a y s  a n d  do  n o t  s h o w  a n y  s i g n  of  a t u m o u r .  T h e  e x -  
p e r i m e n t  in  w h i c h  we  c o m b i n e d  t h e  a n t i s e r u m  w i t h  6 - M P  
g a v e  q u i t e  a p r o m i s i n g  p r o s p e c t .  B y  t h i s  a p p l i c a t i o n ,  
5 6 . 2 %  of t h e  t u m o u r - i n f e c t e d  r a t s  s u r v i v e d  40 d a y s ,  a n d  
c a r e f u l  d i s s e c t i o n  t h e r e a f t e r  d i d  n o t  g i v e  t h e  s l i g h t e s t  
i n d i c a t i o n  of  a t u m o u r .  L o n g - t e r m  e x p e r i m e n t s  a re  n o w  
b e i n g  p e r f o r m e d  s. 

I n t r a v e n o u s  i n j e c t i o n  of  a s c i t e s  cel ls  f r o m  t h e  Y o s h i d a  
s a r c o m a  i n t o  r a t s  r e s u l t s  in  t h e  d e a t h  of  16 o u t  o f  17 
a n i m a l s  27 d a y s  a f t e r  t h e  a p p l i c a t i o n .  T h i s  e f f ec t  r e m a i n s  
u n c h a n g e d  b y  s i m u l t a n e o u s  i n j e c t i o n  of  n o r m a l  r a b b i t  
s e r u m  a s  we l l  a s  b y  t h e  c o m b i n a t i o n  of  t h e  s e r u m  w i t h  
6 -MP.  H o w e v e r ,  t h e  a p p l i c a t i o n  of a n t i s e r u m  a g a i n s t  t h e  
t u m o u r  cel ls  t o g e t h e r  w i t h  6 - M P  l e a d s  to  t h e  r e m a r k a b l e  
f a c t  t h a t  a f t e r  40 d a y s  a l m o s t  6 0 %  of  t h e  a n i m a l s  s h o w  
no  s i g n  of a t u m o u r .  

ZusammenJassung. I n t r a v e n 6 s e  I n j e k t i o n  v o n  A s c i t e s -  
Ze l l en  d e s  Y o s h i d a - S a r k o m s  in  R a t t e n  b e w i r k t e ,  d a s s  27 
T a g e  n a c h  d e r  A p p l i k a t i o n  16 y o n  17 T i e r e n  g e s t o r b e n  
s ind .  D a s s e l b e  E r g e b n i s  w u r d e  e r h a l t e n  be t  I n j e k t i o n  v o n  
n o r m a l e m  S e r u m  o d e r  be t  d e r  K o m b i n a t i o n  d i e se s  S e r u m s  
m i t  6 - M e r c a p t o p u r i n .  D a g e g e n  f i i h r t e  g l e i c h z e i t i g e  A p -  
p l i k a t i o n  v o n  A n t i s e r u m  u n d  6 - M e r c a p t o p u r i n  z u  d e r  e r -  
s t a u n l i c h e n  T a t s a c h e ,  d a s s  n a c h  40 T a g e n  e t w a  6 0 %  d e r  
so  b e h a n d e l t e n  T i e r e  k e i n e n  T u m o r  a u f w i e s e n .  
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