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INTRODUCTION 

FRIEDMANN, ~¢~ARRIAN AND SIMON-REuss have shown tha t  the unsa t u r a t e d  imides, 
maleimide and  N-ethylmale imide  are inhibi tors  of mitosis in  tissue cultures of chick 
fibroblasts 1. The s tudy  of su lphydry l  adducts  of these compounds  gave surpris ing results 
with g lu ta th ione  as an - S H  donor. I t  was observed t h a t  the di lut ions used in  tissue 
cul ture  exerted apparen t ly  different an t imi to t ic  activit ies according to the method  of 
their  preparat ion.  W h e n  prepared after in te rac t ion  of g lu ta th ione  with the unsa tu ra t ed  
imides had t aken  place at  M/5o, decreased an t imi to t ic  act ivi ty,  compared with the ant i -  
mitot ic  ac t iv i ty  of the original imides, was found, whilst the di lut ions ob ta ined  from 
M / i o o o  were as active as the original imides 2. 

I n  view of the a t t en t ion  paid in  biochemical  work to the react ions o f - S H  compounds  
an inves t iga t ion  of the mode of the in terac t ion  of g lu ta th ione  with unsa t u r a t e d  imides 
seemed to be of interest .  For  this purpose the first approach was a s tudy  of the solut ions 
ob ta ined  from the in te rac t ion  of these substances  alone and  under  condit ions similar to 
those present  in the biological medium.  This was possible as maleimide and  N-ethylmale-  
imide gave characterist ic  absorpt ion spectra which could be used as s tandards  of refer- 
enze for their  derivatives.  The results ob ta ined  are described in the following paper. 

METHODS 

The solutions resulting from the interaction of the unsaturated imides with glutathione were 
investigated in Beckman's photoelectric spectrophotometer. It was necessary to use glass distilled 
water for preparing the dilutions. In order to minimise the occurrence of experimental errors pipettes 
and measuring flasks used in the higher concentrations were signed and kept apart from those used 
for the lower concentrations. 

The phosphate buffer which has been added in many experiments to be described has been 
prepared according to COLE 3. The pH was 7.4 approximately. It  will be referred to as phosphate 
buffer. 

The graphs given have been checked repeatedly. 
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RESULTS 

A bsorp/ion spec/ra o] maleimide and N-ethylmaleimide 

Tile absorption curves of maleimide and N-ethylmaleimide are given in Fig. I for 
c,, -- 4" I°-SM, d ~ i cm. and for Cm = 4" I°-6M, d = IO cm. The solvent was water. 

The absorption curve of maleimide is characterized by the steep ascending part of 
the U.V., reaching its maximum at 216 m/z, the drop from 216-24 ° m/z, a shoulder at 
222-224 m~ and a kink at 232 m/z. N-ethylmaleimide shows a very similar absorption 
curve with a peak at 218 m/z and two shoulders in the descending part of the curve, the 
one at 222-224 m/z the other at 230-232 m~. ema~ is higher for maleimide than for N- 
ethylmaleimide, e. Io -a being, in the experiment described, 18.2 for maleimide and 
15.2 for N-ethylmaleimide (c,~ = 4"Io-6M) • Neither substance follows Beer's Law, as 
shown by the different molar extinction coefficients at 4" Io~M and 4" I°6M. 

For reasons of completeness the molar extinction coefficient of maleimide and N- 
ethylmaleimide between 24 ° and 35 ° m/z are added, although the evidence presented in 
the following paragraphs is based alone on the molar extinction coefficient of these 
substances, observed between 216 and 24 ° m/z. 

Interaclion o/neutralis~d glutathione at L5" zo-4M with 4" ~o-6M unsaturated imides 

In tissue culture experiments the unsaturated imides were tested by applying to the 
growing tissue a solution of the imide at a certain concentration, mixed with an equal 
vohlme of plasma, containing embryo extract to give a final concentration of 15% 
embryo extract. Embryo extract is rich in glutathione, its content being as high as 
30 rag% 4. This corresponds to a molar concentration of ~ I - Io-3M.  The molar concen- 
tration of glutathione in the plasma/embryo extract, corresponding to a final concentra- 
tion of I5 % embryo extract, is therefore 1.5" Io-4M. In order to see whether interaction 
of glutathione with a solution of unsaturated imide at a concentration, shown to be active 
as an inhibitor of mitosis in tissue culture, has taken place, a neutralised solution of 
glutathione at 1.5" Io-4M was brought into contact with a solution of an unsaturated 
imide at 4" Io-6M. As glutathione reacts nearly instantaneously and completely with 
unsaturated imides, the reaction fluids could be investigated shortly after mixing. 

In Fig. 2 the results are collected of the interaction of neutralised glutathione at 
1.5" Io-4M with maleimide and N-ethylmaleimide, both at 4" Io-6M. The solutions were 
buffered with phosphate buffer prepared according to COLE, to give a IO 3 M phosphate 
solution. The concentrations are final concentrations. 

In graphs I and 2 of Fig. 2 the absorption resulting from the interaction of gluta- 
thione with maleimide and N-ethylmaleimide are compared with the absorption curves 
of these unsaturated imides; in graph 3 they are compared with the absorption curves 
of glutathione. Graph 3 demonstrates that in this experiment the absorption curves of 
maleimide plus glutathione and of N-ethylmaleimide plus glutathione are nearly identical 
and that both present only small differences from the absorption curve of glutathione. 
As the absorption curve of glutathione dominates at the concentrations used, the picture 
of the absorption curves, it is reasonable to assume that the strong absorption, shown 
in graphs I and 2, is due to glutathione. This result is easily understood, if one considers 
that at a concentration of 4" Io-6M of the imides, and at 1.5- Io-4M of glutathione, only 
1.5- lO-4 - 4" 1°-6 mole glutathione, or 2.7 % of the total glutathione present, have been 
used up for the interaction of the imides with glutathione. 

Re[erences p. 75" 

5 



68 E.  F R I E D M A N N  VOL. 9 (1952) 

2.0 

1.6 ~ 1.6 

~ 1.2 

f.O - - - -  

~ .8 

0 6  

0.4 tr 

0.2 

200 ~0 20 39 40 
m# 

Q 

2.0 

~7.6 

i .4  - - -  

~ 7.2 
C3 

l .O 
to ~ 0.8 

0.6 

04 / 
0.2 

I 
2OO1O 

Jl 

I 

',2 
2 0 3 0  40 

mff 
b 

1.1' 

1.0! 

~ 09 

0.8~ 

0.7 

~ 0.6 

~ 0 . 5  ~ 0.4 

0.3 

0.2 

0.1 

200 iO 

& 

2 0 3 0  40 
ml~ 

C 

• • Maleimide 4" 1°-6 M 

X X M a l e i m i d e  4" 1 ° -6  M 

+ n e u t r a l  G S H  1. 5 .  lO - 4  M 

• • N - E t h y l m a l e i m i d e  
4 . 1 o  -6  M 

X X N - E t h y l m a l e i m i d e  
4 . 1 o  -6 M 

+ n e u t r a l  G S H  1. 5 • lO - 4  M 

d =  I o c m  d =  I o c m  
S o l v e n t ,  H 2 0  S o l v e n t ,  H 2 0  

• • G S H  n e u t r a l  
1. 5 • lO -4  M 

X - - - - X  M a l e i m i d e  4" 1 ° - 6  M 

+ n e u t r a l  GS]-I  1. 5 .  lO - 4  M 
O - - - - - O  N - E t h y l m a l e i m i d e  

4 . 1 o - 6  M 
+ n e u t r a l  G S H  1. 5 • lO - 4  M 

d =  i o c m  
S o l v e n t ,  H 2 0  

F i g .  2. I n t e r a c t i o n  o f  n e u t r a l i s e d  g l u t a t h i o n e  ( G S H )  a t  1. 5-  IO - 4  M w i t h  r n a l e i m i d e  a n d  N - E t h y l -  
m a l e i m i d e  b o t h  a t  4" lO-6  M i n  p h o s p h a t e  b u f f e r  ( lO - 3  M f ina l ,  p H  7.4) 

Interaction o~ neutralised glutathione at 4" zo-6M with maleimide and N-ethylmaleimide at 
4" zo-5 and 4" zo-4M concentrations in buffered solutions 

The amount of unchanged glutathione present in the interaction of 1.5" Io-4M 
glutathione with 4" Io-6M unsaturated imides made it impossible to ascertain whether 
a reaction has taken place. Assuming that  the reaction under discussion has followed 
a normal course, only 4" lO-6 moles glutathione could have reacted with 4" io-~ moles 
unsaturated imides. I t  seemed therefore advisable to discard the amount of glutathione 
which does not take part in the reaction at 4" Io-6M. Another point was examined at the 
same time. The unsaturated imides were added in tissue cultures to embryo extract and 
thus to glutathione in unbuffered medium at neutral reaction, whilst the addition in the 
chemical model experiments took place at pH 7.4 in a fluid strongly buffered with 
phosphate. Buffered and unbuffered solutions of the reactants were therefore compared. 
The concentration of the unsaturated imides which is important for the problem under 
examination is 4" Io-6M. The reaction taking place at a concentration of 4" I°-6M has 
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been compared with the reactions observed under the same conditions at 4" IO-5 and 
at 4"IO-4 M. Fig. 3 shows the results of the interaction of neutralised glutathione of 
4" Io-"M with maleimide and N-ethylmaleimide, both at 4" I°-SM, in buffered and un- 
buffered solutions. In Fig. 4 the same reaction is represented, but the concentration of 
the unsaturated imides are raised to 4" I°-521~r and 4" Io-4M respectively. 
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Fig. 3. I n t e r a c t i o n  of ne u t r a l i s e d  g l u t a t h i o n e  a t  4" lO-6 M w i t h  m a l e i m i d e  and  N-e thy lma le imide ,  
b o t h  a t  4" IO-6 -~ / in  buffered and  unbuffered  so lu t ions  

The absorption curves recorded in Fig. 3 show clearly that at 4" IO 6 M concen- 
trations of glutathione and of 4" Io-8, 4" lO-5 and 4" io 4 M respectively of maleimide 
and N-ethylmaleimide reaction has taken place. At 4"IO-6 M concentration of the 
imides and of glutathione the influence of the phosphate buffer is apparent, as seen 
from Fig. 3. The reaction product from unbuffered glutathione, neutralised against 
Litmus, is different from the substance present in phosphate buffer, both compared with 
the original absorption curves of maleimide and N-ethylmaleimide. The absorption cur- 
ves derived in unbuffered neutral solutions from these substances are flatter and have 
both lost the ascending part leading in the U.V. to the maximum at 216 and 218 m/x 
respectively, but they have kept the characteristic shoulders at 224 and 232 m/,. The 
maleimide curve has regularly a kink at 216 m/x, the N-ethylmaleimide curve occasion- 
ally a shoulder at 218 m/~, the wavelengths of e,n~, in the original imides. In the ab- 
sorption curves of the substances formed in phosphate buffer the curvature is reversed. 
The curves have lost completely, or nearly completely, the characteristic features of the 
original imides. The absorption of the glutathione adduct of N-ethylmaleimide is at 
206 m/x considerably stronger than the corresponding absorption of the maleimide 
adduct. 

In control experiments the absorption spectra of maleimide and N-ethylmaleimide 
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both  at  4" Io-6  M in phosphate  buffer, g iving a final buffer concent ra t ion  of lO -3 M 

were examined.  The  unchanged  absorpt ion spectra  of maleimide and N-e thy lmale imide  
were observed.  

I~ Fig. 3 the absorpt ion curves  of the three substances,  the original  imides, the  

adducts  wi th  g lu ta th ione  in phosphate  buffer and the substances obta ined  f rom un- 
buffered neutra l i sed  gluta thione,  are compared.  In the  N-e thy lmale imide  exper iment  

the three  curves are in tersect ing at  213 m/~. In  four o ther  exper iments  intersect ion was 

observed at  212, 210, 212, 212 m/~. 
Fig. 4 gives the results of the in teract ion of g lu ta th ione  with  male imide  and N- 

e thy lmale imide  at  4" I ° - S M  and 4" I ° - 4 M  in buffered and unbuffered solutions. I t  will 
be seen tha t  the  in teres t ing substance which disclosed its presence in the unbuffered 

solut ion at  4 " I o - e M  concent ra t ion  of the reac tan ts  is no more in evidence. The  ab- 
sorpt ion curves of the buffered and unbuffered solutions resul t ing from the N-e thy lmale-  

A. Reaction carried out at 4' IO-5 M. Resulting fluid diluted to 4" I°-e M 
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Fig. 4. Interaction of neutralised glutathione with maleimide and N-ethylmaleimide at 4" lO-5 M 
and 4" lO-4 M in buffered and unbuffered solutions. • - -  • unbuffered solutions ; X X buffered 

solutions (phosphate pH 7.4, IO-3 M final) 
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imide reaction are so much alike, that no influence of the addition of buffer to the so- 
lution can be recognised in the course of the reaction. But the corresponding maleimide 
curves show slight differences between the buffered and unbuffered solutions which may 
have some significance. 

Relation o/ the substances resulting/rom the reaction o/ glutathione, maleimide and N-ethyl- 
maleimide at 4"zo-6M concentrations in unbuffered solutions to the substances obtained in 
phosphate buffer 

The investigation of the reaction of glutathione with maleimide and N-ethylmaleim- 
ide at 4" Io-6M has shown that in unbuffered solutions and in buffered solutions different 
substances are formed. The resemblance of the absorption curves of the substances ob- 
tained in unbuffered solutions with the original imides could be interpreted by assuming 
that these compounds are first reaction products, which on addition of phosphate buffer 
give the final adducts, deprived partially or completely of their resemblance with the 
starting material. This assumption was tested by allowing the unsaturated imides to react 
woth glutathione in unbuffered solutions at 4" Io-6M, and after reaction had taken place 
by diluting the reaction fluid to 3.6" lO -6 M. In one case water has been used for the 
dilution, in the other case phosphate buffer was added to give Io -aM final concentration 
of the phosphate buffer. The solution obtained through dilution with water showed the 
characteristic absorption curve, observed regularly in the unbuffered, neutral reaction 
mixture, whilst the addition of the phosphate buffer gave rise at once to the very differ- 
ent absorption curve of the adduct. The experiment recorded in Fig. 5 demonstrates 
clearly that the substances obtained from the interaction of neutralised, unbuffered 
glutathione with maleimide and N-ethylmaleimide at 4"Io-6M are precursors of the 
adducts found in phosphate buffer. 

Fig. 5. 
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Spectrophotometric investigation o/dilutions prepared after interaction o~ glutathione with 
maleimide and N-ethylmaleimide at M/5o and M/zooo o/ the reactants 

In the experiments recorded so far the interaction of glutathione with maleimide 
and N-ethylmaleimide has been studied at 4" lO-4, 4" Io-5 and 4" IO 6M of the reactants. 
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In the biological experiments the reaction was carried out at M/5 o and M/IO00, and 
the so obtained reaction fluids were diluted to 4" I°-6M or to another dilution of the 
same order. These two different ways of preparing the fluids to be tested in tissue cultures 
gave different biological results. As it was possible that in a concentrated solution, as 
in M/5o, another equilibrium was produced, as in a dilute solution such as in M/Iooo, 
a spectrophotometric investigation of the dilutions, prepared after reaction of gluta- 
thione with maleimide and N-ethylmaleimide at M/5o and M/ iooo  of the reactants, 
was carried out. 

In Table I the optical densities observed in four experiments are recorded, after 
interaction of maleimide and N~ethylmaleimide at M/5o and M/Iooo respectively, and 
dilution of the reaction fluids to 4" I°-SM. 

T A B L E  I 

OPTICAL DENSITIES ,  OBSERVED AT 4" IO--6 "~/, d = IO c m  

Solvent: H20.  t = 22 ° 

Interaction o/ Interaction o[ 
2Vlaleimide N-ethylmaleimide 

m~ with glutathione both at: with glutathione both at: 

M/5o 3 I / i o o o  M/5o M / l o o o  

2o6 o.524 o.491 o.818 o.8o2 
2o8 o.4ol  o.379 o.747 o.711 
21o 0.306 0.293 0.650 o.419 
212 o.241 0.235 0.540 o.516 
214 o.195 o . i88  0.426 o.41o 
216 o.165 o.157 o.317 o.31o 
218 o.14o o.135 o.23o 0.227 
22o o.118 O. l l  4 o.165 o.165 
222 O.lO 4 0.098 o.119 o.119 
224 0.088 0.085 0.086 0.090 
226 0.075 o.o71 0.067 0.070 
2 2 8  0 . 0 6 5  O.O68 0 . 0 5 5  0 . 0 5 5  
23o 0.057 0.054 0.045 0.046 
232 O.O51 0.048 0.037 0.038 
234 O.O45 O.O43 O.O34 O.O34 
236 O.O4O O.O39 O.O3O O.O3O 
238 O.O38 O.O36 O.O29 O.O29 
24 ° O.O36 O.O35 O.O26 0.025 

It will be seen from Table I that the optical densities observed at 4" lO-6 }/" show 
between 218 and 240 m~ good agreement independently, whether the reactions at M/5o 
or the reactions at M/Iooo have been used as starting points for the preparation of the 
final dilutions of 4" Io-6M. In contrast, the agreement between 2o6 and 216 m~ is less 
satisfactory and in spite of numerous further experiments no clear picture could be 
worked out, proving or disproving the occurrence of different equilibrium mixtures, re- 
sulting from the initial reactions at M/5 o and M/Iooo concentration. 

DISCUSSION 

Two problems have been approached in the preceding experiments. It has been 
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a t tempted  to explain how in tissue cultures the antimitotic act ivi ty of the unsaturated 
imides, maleimide and N-ethylmaleimide, remained the same in the absence and in the 
presence of added glutathione, and further, it was a t tempted  to find an answer to the 
surprising observation tha t  the mitotic inhibition of unsaturated imides in presence of 
glutathione was dependant on the concentrations which served as starting points for 
preparing the dilutions to be tested. 

The answer for the first problem was found by showing that  the content of gluta- 
thione in embryo extract  was so high that  from the total amount  of glutathione present 
in the plasma/embryo mixture only 2.7% was necessary to form the adduct with the 
unsaturated imide at 4" Io -eM concentration. In addition, it was demonstrated spectro- 
scopically that  at 4" lO-6 M reaction takes place between glutathione an d the unsaturated 
imides, thus proving tha t  the antimitotic act ivi ty observed after adding the unsaturated 
imides to the embryo extract  is in reality the act ivi ty of the adduct. I t  is therefore 
easily understood that  the mitotic inhibition of the unsaturated imides, maleimide and 
N-ethylmaleimide, remains in tissue cultures the same in the absence and in the presence 
of added glutathione. 

The observation that  in neutral unbuffered solutions of the reactants at 4" I°-~21I 
a substance is formed which is different from the adduct obtained in phosphate buffer 
gave for a t ime some hope of explaining the quanti tat ive differences of the inhibitions 
caused by unsaturated imides depending upon the concentrations from which the exam- 
ined solution was prepared. This hope vanished quickly as it was found that  the mere 
addition of phosphate buffer to the first substance changed it into the second, and tha t  
at higher concentrations, 4" IO-SM and 4" I°-4M, the first substance was not to be found. 
For the concentration 4" Io-6M of the reactants it was possible to separate the gluta- 
thione/imide reaction into a sequence of two reactions, both proceeding with great ve- 
locity to completion. With maleimide and N-ethylmaleimide it is therefore hopeless to 
t ry  to advance the question by  studying the reversibility of an equilibrium, giving 
98-1oo % of the final adduct in a sequence of two reactions within two minutes. But the 
glutathione citraconimide reaction comes to a standstill after 75% of the glutathione 
has been taken up, and here equilibrium investigations may advance the problem. They 
will be carried out when citraconimide has been made more easily available. 

I t  has been mentioned that  the absorption curves of the three substances, the 
original imide, the intermediate and the final product, show intersection in the region of 
212 m/~. As two of the substances taking part  in this intersection do not obey Beer's law 
the intersection point cannot be classified, as isosbestos point, as this name is by  defini- 
tion reserved for the intersection point of substances following Beer's law~,% Never- 
theless, the occurrence of a common intersection point contributes to the concept of a 
close relationship between the three substances taking part  in the reaction. 

I t  would be premature  to advance any suggestion concerning the chemical nature 
of the intermediate, although the possibility that  it is a molecular compound is kept well 
in mind. 

The interesting observation that  the physiological concentration at which the anti- 
mitotic act ivi ty of the unsaturated imides has been ascertained coincides with the con- 
centration at which the intermediate of the imide-glutathione reaction is stable may be 
noted, but  no conclusions can be drawn from this observation as the great buffering ca- 
pacity of plasma and embryo extract  may  shorten the lifetime of this intermediate in 
the same way as does the addition of phosphate buffer in the chemical experiment. 
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The picture developed in the study of the imide/glutathione reaction at 4" Io-6M, 
although far from being complete, is beginning to represent, as it seems coherently, the 
processes involved at this concentration. This simplification is seriously disturbed by 
the quantitatively different results obtained by using in tissue culture experiments 
dilutions prepared after the reaction has taken place at a higher concentration. Spectro- 
photometric investigations to decide whether at a higher concentration of the reactants 
the same or other products are found than at lower concentrations failed to produce a 
clear decision. The absorption curves obtained from solutions derived from higher and 
lower concentrations of the reactants have not given identical values between 2o6 and 
216 m/x but have shown satisfactory agreement between 218 and 24 ° m/x. For the time 
being it is not possible to assess the significance of this discrepancy since the absolute 
values of the absorption curves obtained in the U.V. with the Beckman spectrophoto- 
meter show considerable fluctuations. Similar observations have been made repeatedly 
by J. S. MITCHELU. 

The investigation of the glutathione/imide reaction of 4" Io 6 M could only be ap- 
proached by applying spectrophotometric methods to the reaction fluids. In contrast 
the reactions at M/5o and M/Iooo are open to direct chemical analysis. The isolation 
of the reaction product, obtained at these concentrations with cysteine as -SH donor, 
has been carried out and will be continued with glutathione. I t  is hoped that the direct 
examination of these adducts will provide the missing information. 
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SUMMARY 

The spec t rophotometr ic  invest igat ion of the interact ion of gluta thione wi th  maleimide and,  
N-ethylmaleimide gave the following results:  

i. Glutathione in teracts  wi th  maleimide and N-ethylmaleimide even a t  4" l° -6  M concentrat ion 
of the  reactants .  

2. In  the solutions result ing f rom the interact ion of glutathione wi th  maleimide and N-ethyl-  
maleimide a t  4" lO-6 M, different subs tances  were found when the reaction was carried out  in an 
unbuffered, neutral ised medium and when it took place in phospha te  buffer. 

3. The substances  obtained in neutralised,  unbuffered solut ions have not  been found at  higher  
concentra t ions  (4" l° -5  and 4" IO-~ M). 

4. The subs tances  found in unbuffered, neutra l  solutions at  4" lO-6 -~1 are the precursors  of the 
subs tances  obtained in phospha te  buffer. 

5. The significance of these results  for the in te rpre ta t ion  of some of the observations,  encountered 
wi th  the unsa tu ra ted  imides in t issue cul tures of chick fibroblasts, is discussed. 

6. The different ant imi tot ic  activit ies of the unsa tu ra t ed  imide/glutathione mixture,  dependent  
upon the concentra t ion  a t  which the compounds  were b rought  to reaction before dilution, have found 
no sat isfactory explanation,  since the spectrophotometr ic  investigation of the  equil ibrium mixtures,  
derived f rom the interact ion at  M/5o and M/iooo,  gave no conclusive results. 

Rt;SUME 

L'examen spectrophotom6trique de la r6action entre le glutathion et les imides non satur4es, 
la mal6imide et la N-4thylmal6imide a donn4 les r6sultats suivants: 

I. Le glutathion entre en r6action avec la mal6imide et la N-6thylmal6imide m~me -~ la concen- 
tration mol6culaire de 4' 1°-6 M.  
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2. Les  p r o d u i t s  r e s u l t a n t s  de la r6act ion en t r e  le g l u t a t h i o n  e t  les imides ,  la  ma l6 imide  e t  la  
D-dthylmal6 i ln ide ,  h 4" io 6 M,  son t  d i f ferents  s u i v a n t  qu ' i l s  r e s so r t en t  d ' u n e  so lu t ion  t a m p o n n 6 e  
avee  du p h o s p h a t e  X p H  7.4 ou d ' u n e  so lu t ion  neut re ,  non  t a m p o n n 6 e .  

3- Les  subs t ances ,  p r e sen t e s  dans  les so lu t ions  neut res ,  non  t a m p o n n 4 e s ,  n ' o n t  pas  6t6 t rouv6es ,  
si la r6act ion a 6t6 ex6cut6e  /L des concen t r a t i ons  mol6culai res  p lus  61ev6es (4" lO-5 M e t  4 '  lO-4 M).  

4. Les  corps,  o b t e n u s  dans  des  cond i t ions  de r6ac t ion  neu t r e s  e t  non  t amponn6es ,  son t  des 
in te rm~dia i res  des p rodu i t s  form6s dans  les so lu t ions  t amponn6es .  

5- L ' a p p l i c a t i o n  de ces r6su l t a t s  ~ Fac t ion  a n t i m i t o t i q u e  des  inlides non  sa tu r6es  es t  discut6e.  
6. Les  diff6rences q u a n t i t a t i v e s ,  observ6es  dans  l ' ac t ion  a n t i m i t o t i q u e  des  m61anges g l u t a t h i o n /  

imides ,  eL la d6pendance  de ces diff6rences de la concen t r a t i on  ~ laquel le  le g l u t a t h i o n  a r6agi avec  
les imides ,  n ' o n t  pas  t rouv6  une  exp l ica t ion  s a t i s f a i s an t e  dans  les recherches  spec t ropho tom6 t r i ques  
present6es .  

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

Die s p e k t r o p h o t o m e t r i s c h e  U n t e r s u c h u n g  der  R e a k t i o n  zwischen  G l u t a t h i o n  u n d  den  unge-  
s/~ttigten Imiden ,  Male in imid  u n d  N - A t h y l m a l e i n i m i d ,  e rgab  die fo lgenden R e s u l t a t e :  

i. G l u t a t h i o n  reagier t  se lbs t  bei e iner  mo l a r en  K o n z e n t r a t i o n  von  4" I ° - °  M m i t  Male in imid  
u n d  N-~- thy lmale in imid .  

2. Die R e a k t i o n s p r o d u k t e ,  die e rha l t en  werden,  wenn  G l u t a t h i o n  mi t  Male in imid  u n d  N - A t h y l -  
m a l e i n i m i d  bei 4"1o-5 M in ungepuf fe r t e r  neu t r a l e r  16sung, u n d  w e n n  es in P h o s p h a t p u f f e r  v o m  
p H  7.4 zur  E i n w i r k u n g  g e b r a c h t  wird, s ind  verschieden.  

3. Die in ungepuf fe r te r ,  neu t r a l e r  L 6 s u n g  bere i te ten  R e a k t i o n s p r o d u k t e  k o n n t e n  bei h6heren  
K o n z e n t r a t i o n e n  (4" 1°-5 M u n d  4 '  lO-4 M) n i ch t  a u f g e f u n d e n  werden.  

4- Die bei neu t r a l e r  R e a k t i o n  in  ungepu f f e r t en  L 6 s u n g e n  nachgewie senen  S u b s t a n z e n  s ind  
Z w i s c h e n p r o d u k t e  der in gepuf fe r ten  L 6 s u n g e n  e r h a l t e n e n  G l u t a t h i o n a d d u k t e .  

5. Die B e d e u t u n g  dieser  B e funde  ftir die I n t e r p r e t a t i o n  der  in Gewebeku l t u r en  bei der  PrLifung 
der  unges / i t t i g t en  Imide  e r h a l t e n e n  R e s u l t a t e  wurde  er6r ter t .  

6. Die q u a n t i t a t i v e n  Differenzen in der  a n t i m i t o t i s c h e n  W i r k n n g ,  die m i t  G l u t a t h i o n / I m i d  
Mischungen  erziel t  worden  sind,  u n d  ihre Abh~ng igke i t  v o n d e r  K o n z e n t r a t i o n ,  bei der  die S u b s t a n z e n  
zur  R e a k t i o n  geb rach t  worden  s ind,  h a b e n  in den mi tge t e i l t en  s p e k t r o p h o t o m e t r i s c h e n  Un te r -  
s u c h u n g e n  keine befr iedigende Erk l / i rung  gefunden .  
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