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INTRODUCTION 

We have reported previously that  the unsaturated imides, maleimide, citraconimide 
and N-ethylmaleimide, have antimitotic properties, when tested in tissue cultures of 
chick fibroblasts, and that  they share with other mitotic inhibitors, investigated by us 
-- i .e . ,  maleic acid and the I :4 -naphthoquinones- - the  property of reacting w i t h - S H  
compounds (FRIEDMANN, MARRIAN AND SIMON-REuss1,2,3). 

The investigation of the - S H  addition products of the quinones and of maleic acid 
gave, as pointed out s, apparent ly  contradictory results, as in some of the adducts the 
antimitotic act ivi ty of the parent substances was abolished while others exerted anti- 
mitotic activity. Thus the thioethers, formed by the interaction of the thiols with qui- 
nones and maleic acid, were in a number  of cases new mitotic inhibitors (FRIEDMANN4). 

The investigation of the quinone and the maleic acid group, therefore, afforded no ex- 
planation for the parallelism between mitotic inhibition and the - S H  uptake, encounter- 
ed in our investigations. 

We hoped to advance this problem by studying the - S H  addition products of the 
unsaturated imides, mentioned above, in their action on the mitosis of chick fibroblasts. 
The results obtained in this respect were no different from those obtained with the - S H  
adducts of the quinones and of maleic acid, but  the analysis of these experiments brought 
a factor to light which so far had not been observed. 

METHODS 

The exper iments  were curried out  in t issue cul tures of chick fibroblusts, using the hanging drop 
method, as described previously  1. 

Adducts  of thiolaeetic acid to N-ethylmaleimide (MARRIANS), and the reaction produc t  of 
th iourea  wi th  N-ethylmaleimide (MARRIAN 6) have been isolated. These crystall ine compounds  were 
used in the t issue cultures. Other  - S H  addit ion products  were obtained by  mixing equimolar  solutions 
of the imides wi th  the corresponding thiol, neutrulised to phenol  red and adjusted to p H  7-4 wi th  
phospha te  buffer. At  the beginning of our  exper iments  the concentra t ions  of these mix tures  before 
di lut ion to the concentrat ions  used in the tissue cultures were M/ looo .  In  the course of our investi-  
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gations we obtained different results with glutathione when we used dilutions starting at M/iooo 
from dilutions starting at M/5o. Using glutathione as thiol compound, therefore, two sets of experi- 
ments were carried out. In one set the components were mixed to give a molar concentration of 
i/5 ° and in the other set to give I/iooo molar concentration of the reactants. The solutions so obtained 
were diluted with Tyrode to give the concentrations to be tested in the tissue culture experiments. 

RESULTS 

The resul ts  ob ta ined  fall in to  two groups.  In  group (1) male imide ,  N-e thy lma le imide  
and  e i t racon imide  were tes ted  in the  presence of th io lace t ic  acid. The compounds  ob- 
t a ined  from the in te rac t ion  of th iourea  and  N-e thy lma le imide  can be considered wi th  th is  
group.  Group  (2) conta ins  the  results ,  ob t a ined  wi th  the  adduc t s  of g lu ta th ione  to  
male imide ,  N - e t h y l m a l e i m i d e  and  c i t raconimide .  

I n  group (I) no mi to t i c  inh ib i t ion  was found wi th  the  adduc t s  of th io lace t ic  acid  to 
male imide ,  nor  wi th  the  c rys ta l l ine  add i t i on  p roduc t  of th io lace t ic  acid to N-e thy lma le i -  
mide,  or  the  c rys ta l l ine  subs tance  resul t ing  from the  in te rac t ion  of th iourea  wi th  N- 
e thy lmale imide .  The  an t imi to t i c  a c t i v i t y  of ma le imide  and  of N-e thy lma le imide  is thus  
abol i shed  b y  the  add i t i on  of th io lace t ic  acid  or t h iou rea  to these  u n s a t u r a t e d  imides.  
Different  resul ts  were ob t a ined  wi th  the  a d d u c t  of th io lace t ic  acid  to c i t raconimide.  
Here  mi to t i c  inh ib i t ion  of 5o% was found at  8. I o - 6 M  concent ra t ion .  As the  adduc t  of 
th io lace t ic  acid  to c i t racon imide  has not  been isolated,  the  ques t ion  remains  open as to 
whe the r  the  an t imi to t i c  a c t i v i t y  is due to the  reac t ion  p roduc t  or to the  incomple te  
in te rac t ion  of e i t raconimide  wi th  th io lace t ic  acid  descr ibed  prev ious ly  s. 

I n  g roup  (2) the  ac t ion  of g lu ta th ione  on the  mi to t i c  inh ib i t ion  p roduced  b y  male i -  
mide,  N - e t h y l m a l e i m i d e  and  c i t racon imide  was s tudied .  The  mix tu re s  p r epa red  a t  1/5o 
and  those  p repa red  at  I/IOOO molar  concen t ra t ion  gave different  results .  The  solut ions 
ob t a ined  b y  d i lu t ing  the  mix tu r e  of 1/5o mola r  concen t ra t ion  of the  r eac t an t s  gave a 
mi to t i c  inh ib i t ion  which was cons iderab ly  smal ler  t han  the  mi to t i c  inhib i t ion  of the  
or iginal  imides ,  as seen from Tab le  I. 

TABLE I 

M I T O T I C  I N H I B I T I O N  O F  S O M E  I M I D E S  A N D  O F  T H E I R  M I X T U R E S  W I T H  G L U T A T H I O N E  

R E A C T I O N S  C A R R I E D  O U T  A T  M / 5  o 

Molar Mitotic 
Substances tested 

Concentration Inhibition 

Male imide  5 '  10 -6 21.6 % 
Male imide  + g lu t a th ione ,  M/5o 5" IO-6 o 

C i t r acon imide  3" 10 -6 6 i. 8 % 

C i t r acon imide  + g lu t a th ione ,  M/5 o 3" lO-6 37 .0% 
N - E t h y l m a l e i m i d e  2. i o  -6 5o .o% 

N - E t h y l m a l e i m i d e  + g lu t a th ione ,  M/5o 2. IO -G I 8 . 6 %  

On the  o ther  hand,  the  solu t ions  p repa red  from a mix tu r e  of 1/lOOO molar  concen- 
t r a t i on  were as ac t ive  as the  or iginal  inmides.  Table  I I  de mons t r a t e s  these results .  
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concentrat ion  and greater d i lut ions".  

D I S C U S S I O N  

As the reaction between glutathione and maleimide or N-ethylmaleimide goes to 
completion at M/5 o one is justified in interpreting the results obtained with dilutions 
starting from 1/5 ° molar concentration of the reactants as due to the adducts. The same 
applies for the dilutions starting from I/IOOO molar concentration, as the -SH uptake 
at I/IOOO final molar concentration of the reactants was found in four determinations to 
be in two minutes 98.2% ( !  o.oz%) s. 

Investigations are in progress to find an explanation for the effect of dilution on the 
antimitotic activity of tile adducts of glutathione on unsaturated imides and to prepare 
these compounds. In view of the important application which the reaction of unsaturated 
imides with -SH compounds has found in biochemical experiments (HAYNES, HIND 
AND ISHERWOODT), we believe it will serve a useful purpose to communicate the well 
ascertained biological observations described in this paper, and to leave the chemical 
explanation of these results for future work. 
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S U M M A R Y  

i .  I n  t i ssue  cul tures  of c h i c k  f i b r o b l a s t s  th io lacet ic  acid abol ishes  the  a n t i m i t o t i c  a c t i v i t y  of  
ma le imide  and N-e thy lmale imide ,  but  c i t raconimide  remains  ac t ive  as a m i t o t i c  inhib i tor  in spite  
of the  presence of th io lacet ic  acid. The  c o m p o u n d  obta ined  from the  in terac t ion  of th iourea  w i t h  
N - e t h y l m a l e i m i d e  is inact ive .  
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2. G lu t a th ione  gives  different  r e su l t s  when  d i lu ted  af te r  in t e rac t ion  wi th  male imide ,  N-e thy l -  
ma le imide  and  c i t r aconomide  a t  M/5o a n d  a t  M / i o o o .  The  so lu t ions  ob ta ined  f rom M/5o have  
decreased a n t i m i t o t i c  ac t iv i ty ,  compa red  w i t h  t he  a n t i m i t o t i c  a c t i v i t y  of the  or iginal  ilnides, whi l s t  
t he  d i lu t ions  p repa red  f rom M / I o o o  are as ac t ive  as t he  original  imides.  

Rt~SUMI~ 

I. D a n s  les cu l tu res  de t i s sus  l ' ac ide  ac6t ique  s u l f h y d r y l 6  d6pouille la  mal6 imide  e t  la  N-6thyl -  
ma l6 imide  de leurs  ac t iv i t6s  an t imi to t iques .  L a  c i t raconimide  res te  ac t ive  c o m m e  inh ib i t eu r  mi to t i que  
malgr@ la pr6sence de l ' ac ide  ac@tique sulfhydryl@. Le p rodu i t  de r~act ion en t r e  la  sulfo-ur@e et  la  
N - 6 t h y l m a l 6 i m i d e  es t  inact i f .  

2. Le g l u t a t h i o n  donne  des  r6 su l t a t s  diff6rents,  d 6 p c n d a n t s  de la concen t r a t i on  ~ laquel le  il a 
r6agi  avec  les imides .  Les  so lu t ions  qui  p r o v i e n n e n t  de la r6action,  ex@cut@e ~ la  concen t r a t ion  
mol@culaire de 1/5o, on t  une  ac t iv i t6  diminu@e, compar6e  ~ celle des imides  originales,  t a n d i s  que  
la concen t r a t i on  mol6culaire  de i / i o o o  fourn i t  des so lu t ions  qui  son t  auss i  ac t ives  que  les imides  
m6res.  

Z U S A M M E N F A S S U N G  

I. Thiolessigs~iure h e b t  in Gewebeku l t u r en  yon  Hf ihne r -F ib rob l a s t en  die a n t i m i t o t i s c h e  W i r k u n g  
des  Male in imids  u n d  des  N - A t h y l m a l e i n i m i d s  auf.  C i t r acon imid  b le ib t  t ro tz  der  Anwesent le i t  yon  
Thiolessigsi iure  ac t iv  a ls  m i t o t i s che r  H e m m u n g s s t o f f .  Das  R e a k t i o n s p r o d u k t  y o n  Th ioha rns to f f  m i t  
N - A t h y l m a l e i n i m i d  is t  u n w i r k s a m .  

2. G l u t a t h i o n  g ib t  ve r sch iedene  Resu l t a te ,  w e n n  seine L b s u n g e n  n a c h  R e a k t i o n  m i t  Male in imid  
u n d  N - ~ t h y l m a l e i n i m i d  bei  M/5 o herges te l l t  werden,  u n d  wenn  sie der  R e a k t i o n  bei  M / I o o o  en t -  
n o m m e n  werden.  Die  L6sungen ,  die  der  R e a k t i o n  bei M/5o e n t s t a m m e n ,  h a b e n  im  Wergleich m i t  
der  a n t i m i t o t i s c h e n  W i r k u n g  der  u r spr t ing l i chen  Imide  v e r m i n d e r t e  Akt ivi tAt ,  w~Lhrend die R e a k t i o n  
bei  M / i o o o  L b s u n g e n  liefert ,  die ebenso  w i r k s a m  wie die der  u rspr t ing l ichen  Imide  sind.  
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