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F r o m  t h e  d a t a  in  F igu re  3, i t  can  aga in  be  seen t h a t  
E D C F  enhances  cell p ro l i fe ra t ion  w h e n  added  to  cu l tu res  
w i t h  i n h i b i t o r y  c o n c e n t r a t i o n s  of ecdysones,  a n d  t h a t  i t s  
i n h i b i t o r y  effect  u p o n  g r o w t h  is more  p r o n o u n c e d  in 
cu l tu res  s t i m u l a t e d  b y  ecdysones  t h a n  in controls .  

In  t he  e x p e r i m e n t s  r epo r t ed  here,  no ev idence  was 
o b t a i n e d  for  q u a l i t a t i v e l y  d i f fe rent  effects of ~- or /% 
ecdysone,  as h a v e  been  r epo r t ed  for severa l  in  v i t ro  
sys tems  ll, la-15: inc lud ing  t he  Drosophila cell l ine Kc 
(pa ren t  l ine to  I~cC7 used here).  Also a dependence  on 
m a m m a l i a n  s e rum p ro t e ins  for  ecdysone to be effective1~ 
could n o t  be  found  (da ta  no t  shown).  Most  of these  
differences can  p r o b a b l y  be  exp la ined  e i the r  b y  differ ing 
e x p e r i m e n t a l  cond i t ions  a n d / o r  t he  l imi ted  h o r m o n e  
c o n c e n t r a t i o n  ranges  tes ted .  However ,  t he  cr i t ica l  
va r i ab les  r e m a i n  to be  ident i f ied.  T he  same ho lds  for t he  
ac t ion  of juven i le  h o r m o n e s  or t he i r  analogues .  

For  /~-ecdysone t h e  c o n c e n t r a t i o n s  effect ive  in t h i s  
sys t em fall w i th in  t he  low range  of those  ac tua l l y  mea-  
sured  in  v ivo  1". The  m u c h  lower ac t i v i t y  of a-ecdysone 
c o m p a r e d  to /%ecdysone  has  been  seen in m a n y  o the r  sys- 
t e m s  (References  in tT). F o r  E D C F  s igni f icant  effects on  cell 
p ro l i fe ra t ion  were obse rved  a t  c o n c e n t r a t i o n  lower t h a n  
needed  to  affect  a d u l t  Drosophila d e v e l o p m e n t  18. So b y  
these  cr i ter ia ,  t he  r eac t ions  obse rved  are n o t  unphys io -  
logical. However ,  s ince t he  t i ssue  of or igin of these  ceils 
is n o t  k n o w n  10, i t  c a n n o t  be said w h a t  t h e i r  physiological  
r eac t ion  to h o r m o n e s  would be. Cer ta in ly  n a t u r a l  j uveni le  
h o r m o n e s  and  o the r  juven i le  h o r m o n e  ana logues  will h a v e  
to be t e s t ed  in th i s  s y s t e m  before i t  can  be  cons idered  

es t ab l i shed  as a mode l  for t he  i nves t i ga t i on  of h o r m o n e  
ac t ion  and  in te rac t ion ,  or poss ib ly  used as a b ioassay  
du r ing  t he  i so la t ion  of t he  ' t r u e ' - D r o s o p h i l a  juven i le  
hormone .  

Since in th i s  s t u d y  only  t h e  increase  in t he  t o t a l  cell 
p o p u l a t i o n  was measured ,  no  i n f o r m a t i o n  could be  ob- 
t a i n e d  on t he  m e c h a n i s m  of ac t ion  of t he  added  hormones .  
I n  p a r t i c u l a r  i t  r e m a i n s  u n k n o w n  w h e t h e r  ecdysone a n d  
E D C F  h a v e  to be p r e sen t  s i m u l t a n e o u s l y  a n d  c o n t i n u o u s l y  
to  p roduce  a n  an t agon i s t i c  effect,  a n d  w h e t h e r  t h i s  
effect  is t he  resu l t  of an t agon i s t i c  changes  in cel lular  
phys io logy  (e.g., oppos i te  effects  on  m e m b r a n e  pe rme-  
abi l i ty)  or  of the  i n d u c t i o n  of changes  in h o r m o n e  m e t a -  
bo l i sm (e.g., E D C F - i n d u c e d  ecdysone  inac t iva t ion) .  

Note added in proo/: W h e n  t e s t ed  a t  a c o n c e n t r a t i o n  
of 10 #g/ml ,  s ingly  or  in  c o m b i n a t i o n  w i th  1 / ,g /ml  e-ec- 
dysone,  C-18 juven i l e  hormone ,  epoxygerany l sesamole  
a n d  ZR-515 gave  a s imi lar  r e su l t  as E D C F ,  whereas  t he  
in v ivo  inac t ive  ana logue  m e t h y l e p o x y h e x a d e c a n o a t e  
was w i t h o u t  effect  on  cell pro l i fe ra t ion .  
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Summary. Auxin  was  s h o w n  to  be  able  to  cance l  t h e  g r o w t h  i n h i b i t o r y  effect  imposed  b y  those  herb ic ides  wh ich  are no t  
k n o w n  as s t rong  uncoup le r s  of ox ida t ive  phos pho r y l a t i on ,  whi le  i t  was  u n a b l e  to  do so w i t h  regards  to  the  uncoup le r  
herbic ides .  

A l t h o u g h  a g rea t  deal  of r e sea rch  has  been  carr ied  ou t  
d u r i n g  t he  pa s t  20 years  conce rn ing  t he  mode  of ac t ion  of 
t he  herbicides ,  our  i n f o r m a t i o n  concern ing  t he  m e c h a n i s m  
of t h e  ac t ion  of mos t  he rb ic ides  in  t he  molecu la r  and  cel- 
lu lar  level  is n o t  well  k n o w n  1, 2. A t  t he  p r e s en t  t ime,  t he  
genera l  m e c h a n i s m  t h r o u g h  w h i c h  herb ic ides  inferrer  
w i t h  t he  g r o w t h  of t h e  suscept ib le  p l a n t s  are a s s um ed  to 
be  b y  t h e i r  in t e r fe rence  w i t h  t h e  ene rgy  m e t a b o l i s m  of t h e  
cell due  to t he  i n t e r r u p t i o n  of t he  r e s p i r a t o r y  e lec t ron  
t r a n s f e r  c h a i n  of t h e  m i t o c h o n d r i a ,  or t h e  poss ib i l i ty  of 
t he  c o m b i n a t i o n  of t h e  herb ic ides  w i t h  an i n t e r m e d i a t e  of 
ene rgy  coupl ing  cha in  w h i c h  s tops  ox ida t ive  p h o s p h o r y -  
l a t ion  1,~. Also t he  in te r fe rence  of some herb ic ides  w i t h  
t h e  p h o t o r e a c t i o n s  of pho tosyn thes i s ,  e.g. t h e  Hil l  re- 
ac t ions  or t he  l i gh t - induced  e lec t ron  t r a n s f e r  a n d  p h o t o -  
phospho ry l a t i on ,  are well  repor ted~,  ~. I n  t he  p a s t  few 
years  some work  on  t h e  effect  of herb ic ides  on t he  p ro t e in  
syn thes i s  a n d  nucleic  acid m e t a b o l i s m  h a v e  also been  re- 
p o r t e d  4-6, b u t  i t  was  r a t h e r  d i f f icul t  to  d e m o n s t r a t e  
w h e t h e r  i n h i b i t o r y  effects were a d i rec t  r e su l t  of t he  
herb ic ides  ac t ion  on  p r o t e i n  synthes is ,  or w h e t h e r  i t  was  
mere ly  due  to a s econda ry  effect  caused  b y  t he  d rop  in t he  
A T P  level  a n d  or t he  i n h i b i t i o n  of t he  ac t ive  u p t a k e  of 
t he  g r o w t h  e l ement s  b y  cells. 

The  purpose  of th i s  s t u d y  is to  show a s imple  way  of 
d i f f e ren t i a t ion  b e t w e e n  those  herb ic ides  wh ich  are n o t  
k n o w n  to  be  i nvo lved  in t he  ene rgy  m e t a b o l i s m  of the  
cell, a n d  those  w h i c h  are k n o w n  to  h a v e  mi ld  or  s t rong  
uncoup l ing  effect  on ox ida t ive  p h o s p h o r y l a t i o n  and  hence  
af fec t  t he  A T P  syn thes i z ing  sys tems .  The  i n t e r ac t i on  be-  
tween  the  g r o w t h  h o r m o n e s  a n d  some selected herbicides ,  
are be ing  car r ied  o u t  a n d  t h e  resu l t s  o b t a i n e d  ind ica t e  t h e  
poss ib i l i ty  of us ing  t h i s  m e t h o d  to  d i f fe ren t ia te  be tween  
t he  two  groups  of herbic ides .  W e  also used  in t e r ac t i on  of 
abscisic acid (ABA) wh ich  has  no  d i rec t  effect  on  energy  
m e t a b o l i s m  and  A T P  level  (7, 8) w i t h  g ro th  h o r m o n e s  as a 
reference for c o m p a r a t i v e  purpose .  
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Mater ials  and n~ethods. P l a n t  mater ia l  used was  1 cm 
sect ions of t he  hypoco ty l e s  of 4-day-old seedlings of sun-  
flower grown unde r  da rk  condit ions.  These sect ions were 
t aken  f rom a region of m a x i m u m  growth  po ten t i a l  b u t  
w i th  li t t le or no cell divisional  act ivi ty .  The pure  sample  
of the  herbicides  used for th is  s t u d y  were all in physiolog- 
ical concen t ra t ion  (10 -a M). The g rowth  response of the  
t issue toward  gibberell ic acid (GA) in shor t  per iod of 
expe r imen t  (6 to 24 h) were no t  always cons t an t  and high, 
and thus  we used solely indol-3-acet ic  acid (IAA) which  
gave a good response  in our  studies.  The g rowth  of the  
sections,  and also the  ra te  of p ro te in  synthes is  as mea-  
sured b y  the  ra te  of incorpora t ion  of C l~-leucine in the  new- 
ly synthes ized  protein% were measured  for th is  s tudy.  

Results  and discussion. The results  ob ta ined  are pre-  
sen ted  in Tables I, II  and  I I I .  These results  clearly show 
t h a t  t he  inh ib i to ry  effect  of ABA can be comple te ly  over-  

Table  I. In te rac t ion  of A m e t r y n e  n and ABA with auxin �9 (IAA) 
on the growth of sunflower hypoeotyles  

Treatment Inhibition or 
increase of growth (%) 

Control 0 
Auxin (IAA) + 48 
Ainetryne ~' (10 -4 M) -- 23 
Ametryne q- IAA § 17 
ABA (10 '~ M) -- 30 
ABA + IAA q- 12 

Results are the average  of a t  least 3 dupl icate  exper iments .  
b A m e t r y n e  was the only m e m b e r  of the triazine group of herbicides 
which had  s t rong inhibi tory  effect on the growth of this p lant  
mater ia l  in physiological concentrat ion.  

Table  I I .  In te rac t ion  of A m e t r y n e  11 and ABA on the growth  
responses of sunflower hypocotyles 

Treatment Growth inhibition (%) 

8 h  2 4 h  

Control 0 0 
ABA --  15 - -  30 
A m e t r y n e  - -  23 - -  33 
ABA q- Ametryne -- 29 -- 42 

come b y  the  g rowth -enhanc ing  effect  of auxin,  and  th is  
conf i rms the  results  ob ta ined  by  o the r sT- l~  The d a t a  in 
Table I also shows t h a t  the  !nhib i tory  effect  caused by  
A m e t r y n e  n can also be d iminished comple te ly  by  the  
effect  of auxin;  and in fact  the re  was no difference be t -  
ween the  behavior  of a m e t r y n e  and  A B A  in this  respect .  
On the  o ther  hand ,  combina t ion  of A B A  and  a m e t r y n e  
did no t  have  a cumula t ive  inh ib i to ry  effect,  and th is  is 
poss ib ly  an indicat ion of the  s imilar i ty  of the  site of ac t ion  
of the  two chemicals.  I t  also suggests  the  possibi l i ty  of 
the  occurrence of some sor t  of compet i t ion .  The in ter-  
ac t ion of Diuron and DichlobeniU 1 wi th  auxin are also 
s tudied  and  the  results  show t h a t  auxin  comple te ly  nulli- 
fies the  inh ib i tory  effect  of Diuron which  is no t  known ye t  
as an uncoupler  of ox ida t ive  phosphory la t ion  12, la, while 
in the  case of Dichlobenil ,  which  is known  to have  s t rong  
uncoupl ing effect  12, ,4, auxin  can n o t  s ignif icant ly  counter -  
ac t  the  inh ib i to ry  effect  on g rowth  imposed by  th is  
chemical  (Table III) .  A m o n g  the  o ther  uncoupl ing herbi-  
cides, p ropan i l  was employed  and the  resul t  clearly showed 
the  comple te  inabi l i ty  of auxin  to  coun te rac t  w i th  th is  
herbic ide  which  is a well known  uncoupler .  The resul t  on 
p ro te in  synthes is  was qui te  s imilar  to t h a t  on the  growth.  
The imposs ib l i ty  of the  reversal  of g rowth  inhibi t ion 
caused by  the  uncoupl ing herbicides  b y  IAA seems to  be 
qui te  normal  as all the  known  factors  which  s t imula te  
t h e  g rowth  processes are all energy-requi r ing  and  bio- 
syn the t i c  react ions  which  a n n o t  cont inue  in a condi t ion  
where  the  lack or drop of A T P  level caused by  the  her-  
bicide prevai ls ;  and in fact  the re  are cer ta in  cases where  
auxin  migh t  de ter iora te  the  g rowth  condi t ion  which is so 
caused by  an uncoupler  herbicide.  Very  recent  s tudies  in 
th is  area ~ have  also conf i rmed this  v iew wi th  regard to  
the  in terac t ion  of IAA and  GA wi th  an inhibi tor  of A T P  
syn the t i z ing  sys tem.  Thus  th i s  t y p e  of s tudies  could be 
used as a be t t e r  and  s impler  means  of d i f ferent ia t ing  the  
two  ma jo r  classes of herbic ides  which are a t  the  p re sen t  
t ime solely divided on the  basis of the i r  effect  on A T P  
synthes i s  as d e t e r m i n d  b y  d i rec t  m e a s u r e m e n t  of t he  
A T P  level of the  t issue which  is i tself subjec t  to m a n y  
qual i ta t ive  and  quan t i t a t i ve  technica l  problems;  and  i t  
m a y  no t  also be the  t rue  indica tor  of the  uncoupl ing  
ac t iv i ty  of a herbicide.  

More e labora te  s tudies  of th is  kind,  and  specially 
kinet ic  t y p e  of work, m i g h t  also lead toward  our b e t t e r  
unde r s t and ing  of the  mechan i sm th rough  which herbicides 
as well as t he  g rowth  ho rmones  work and  th is  paves  the  
way  for de te rmin ing  the  basic and  p r i ma ry  site for t he  
act ion of the  herbicides  in t he  life of the  p l an t  cells. 

Same conditions as for Table I. 

Table  I I I .  In te rac t ion  of Dichlobenil 1~ and auxin on the growth  
response of sunflower hypoeotyles ~ 

T r e a t m e n t  Inhibi t ion or 
increase of growth (%) 

Controle 0 
Auxin (IAA) q- 50 
Dichlobenil -- 29 
IAA -k Dichlobenil -- 11 

Conditions of the exper imen t  exac t ly  the same as Table  I, 
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