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Since the discovery of cholinesterase by LoEwI 1 the pharmacological effects pro- 
duced by physostigmine have been connected with the ability of this drug to inhibit 
cholinesterase in vitro. Recently a great deal of work has been done with diisopropyl 
fluorophosphonate {DFP). On account of results, obtained with DFP and other sub- 
stances, doubt has risen whether a cholinesterase inhibition can really be held respon- 
sible for physostigmine-like effects, because often no parallelism between the two could 
be observed 4, s, 8, ~, s, 9. 

Most of the discrepancies can be explained, when a proper use is made of the dis- 
covery of MENDEL et al. 2, 3, who demonstrated that  2 types of cholinesterase exist, 
namely the pseudo cholinesterase occurring e.g., in human and horse serum and a true 
cholinesterase occurring mainly in nervous tissue. No connection seems to exist between 
pseudo cholinesterase inhibition and symptoms after DFP. Some authors 5, ~ also deny 
a relationship between the inhibition of true cholinesterase and clinical symptoms after 
DFP, but  NACHMANSOHN l° was able to establish a close relationship in a series of 
carefully controlled experiments. If a priori such relationship between true cholin- 
esterase inhibition and in vivo symptoms was possible, the next question was, whether 
it was also causally responsible, for the pharmacological effect of DFP. If this were the 
Case, as suggested by  NACHMANSOHN, a similar parallelism between cholinesterase 
inhibition and the clinical symptoms of physostigmine administration were to be 
expected. This drug has been exhaustively examined for its action on pseudo cholin- 
esterase. For a good understanding of its pharmacological action obviously only its 
effect on true cholinesterase would be of importance. 

In the following experiments this effect has been studied particularly in connection 
with one of its most critical aspects, namely that of the reversibility of the inhibition. 

Any theory explaining the pharmacological action of physostigmine on the basis of 
enzymological data should be able to account for the ready reversibility observed in vivo 
of the symptoms of physostigmine poisoning. Therefore a study of the character of the 
inhibition in vitro seemed necessary. In a previous communication n the influence of 
the character of the substrate used for the test on the degree of inhibition was described. 
In the following experiments other factors, which may influence the degree of reversal 
of inhibition, were examined. 

EXPERIMENTAL METHODS 

Suspensions containing true cholinesterase were prepared as follows: Rats were 
decapitated and the brains were pooled. After ten minutes rinsing they were dried on 

References p. 559[56o. 

35 



55 ° J . A .  COHEN, F. KALSBEEK, M. G. P. J. WARRINGA VOL. 2 (1948) 

filter paper and weighed. They were then crushed in a mortar  with five volumes of water. 
The suspension was strained through gauze and spun and the precipitate resuspended 
in the original volume of water. 

Estimations for cholinesterase activity were carried out titrimetrically. For this 
purpose 2 ml of brain suspension were made up to a total  volume of IO ml with sub- 
strate solution, bromthymolblue and water. The standard for comparison contained 
the same amount of brain suspension and indicator, made up to a total  volume of IO ml 
with phosphate buffer M/I5 at PH 7.3- 

During 15 minutes the rate was determined at which o.oi N NaOH had to be added 
to the reaction mixture, in order to keep it at  the same PH as the comparison vessel. 
The reaction took place at 24 ° C in a waterbath.  

The acetylcholine used was acetylcholinchloride (RocHE). The acetyl-fl-methyl- 
choline was given in the form of amechol (SAvoRY AND MOORE). The physostigmine 
used was the pure base, dissolved in water. 

E X P E R I M E N T A L  R E S U L T S  

I. INFLUENCE OF THE SUBSTRATE CONCENTRATION ON THE ACTIVITY 

OF CHOLINESTERASE 

Before investigations into the inhibition of true cholinesterase by  physostigmine 
could be initiated, it was necessary first to examine the mechanism of action of the 
enzyme itself. I t  could not be assumed without specific evidence that  the pat tern of 
action would be the same as that  of many  other hydrolytic enzymes (e.g., pseudo cholin- 
esterase), viz., a first order reaction at low concentrations of substrate and a zero order 
reaction at  higher substrate levels, the rate of the reaction at these high levels being 
proportional to the amount of enzyme present. Only if this s tate of affairs should prevail, 
would the usual test procedure, in which the observed activity is taken to be propor- 
tional to enzymic activity, at  high substrate levels be justified. 

For this purpose 2 ml of a brain suspension was mixed with amechol in a final 
concentration of 0.o02, 0.005, o.oi, 0.02, 0.04 and o.08 M in the usual test procedure 
(total volume IO ml). I t  was found that  a maximum of activity was reached at a sub- 
strate level of o.oi M. Further increase of the substrate concentration did not lead to 
higher activity. At these concentrations straight lines were always observed, when 
activity was plotted against time (Fig. Ia), indicating zero order reaction. From these 
curves the velocity in microgrammol/min could be calculated (Table I). 

At lower concentrations, however, (0.005 and 0.002 M), the curves were of the 
dying out type (Fig. Ib). To investigate whether these curves represented the expected 
first order reactions, it was examined, whether they fitted the formula for the mono- 

t a * ( I ) .  molecular reaction k x = log a -  x 

The amount  hydrolysed could be calculated at any moment  from the amount  of 
NaOH that  had been added at the corresponding time. Table I I ,  computed from curve 3 

• i n w h i c h t  ~ t i m e ,  
a ----- i n i t i a l  s u b s t r a t e  concen t ra t ion ,  
x = concen t r a t ion  of hyd ro ly sed  subs t ra t e ,  
k 1 ~ k ( =  ve loc i ty  cons tan t ) -2 .3o26.  
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T A B L E  I I  (see F ig .  Ib ,  c u r v e  3) 
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a 
of Fig. Ib  (amechol 0.002 M), gives various values for log for corresponding times. 

a - x  a 
When log is plotted against t ime a straight line results (Fig. 2) proving that  

a , - x  

the values obtained are related according to formula (I) and that  therefore the hydrolysis 
of low concentrations of amechol follows a monomolecular reaction pattern.  From the 
slope of this line k I can be calculated and this value divided by  2.3026 gives a velocity 
constant k of 0.0044. I t  will be seen that  in the first part  of the curve the slope is constant, 
suggesting a monomolecular reaction. At very low substrate concentrations (corre- 
sponding to t ime IO rain in Fig. 2) the slope changes. Apparently the reaction is then 
no longer a pure first order one and consequently the k has been calculated from the 
first part  of the curve only. 

ds 
Since the velocity v - - k. s* for first order reactions, it can now be calculated 

dt 
for various low substrate concentrations. Fig. 3 pictures the relation between various 
substrate concentrations and the velocity v. The graph clearly shows that  true cholin- 
esterase hydrolyses amechol according to the expected pat tern;  i.e., a monomolecular 
reaction at low and a zero order reaction at high substrate concentrations. In fact the 
line representing the first order reaction at low substrate concentrations should pass 

* i n  w h i c h  s = s u b s t r a t e  c o n c e n t r a t i o n  i n  m i c r o g r a m m o l s .  
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Fig. 3. Subst ra te  velocity curve for ra t  bra in  
cholinesterase hydrolysis  of amechol. The data  
are computed f rom Table I (for the horizontal  
pa r t  of the curve) and f rom the calculated 
value for k subs t i tu ted  in the formula v = k- s 

(for the oblique pa r t  of the curve). 

over continuously into the straight horizontal line representing velocity at excess sub- 
strate concentrations. Our line, which is obtained by connecting calculated points and 
which shows an abrupt  bend, is therefore inexact in this respect. 

In other words, at low substrate concentrations the rate of the hydrolysis depends 
on the concentration of the enzyme and that  of the substrate, at higher substrate 
concentrations only on the concentration of the enzyme. 

That  at high substrate concentrations the reaction rate was proportional to the 
enzyme concentration was demonstrated in many  experiments. Our enzyme activity 
tests were done with an excess of substrate to eliminate interference of the substrate 
concentration. The substrate concentration used throughout was 0.02 M and therefore 
well above the o.oi M found to be the smallest concentration required in order to work 
in the zero order part  of the substrate-velocity curve, where enzymic activity only is 
limiting the reaction rate. The MICHAELIS constant was 4.5" lO-3 molar. 

II .  THE REVERSIBILITY OF THE INHIBITION OF TRUE CHOLINESTERASE 

BY PHYSOSTIGMINE 

a. Reversibility by substrate competition 

Titrations for cholinesterase activity were carried out as usual but in presence of 
I ml of a physostigmine solution, which was allowed to act on the enzyme two minutes 
prior to the initiation of the reaction by addition of amechol. The period of two minutes 
was arbitrarily chosen ; it seemed advisable, however, to have a fixed time of interaction 
in all experiments. Fig. 4 represents the rate of the reaction (by plotting #1 NaOH, 
required to neutralize the acid formed, against time) for final concentrations of phy- 
sostigmine of 1.2. lO -6, 2.4. lO -6, 0.4- lO -5, 0.5. lO -5, 0.6. lO -5, 0.7. lO -5, 0.8. lO -5 and 
1.5. lO -5 M. The most intriguing feature is, that  all curves after a certain period become 
bent;  the latent period before the beginning of the bending is longer at smaller, shorter 
at larger concentrations of physostigmine. The initial protection against the physostig- 
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Fig. 4. Inhibi t ion of ra t  bra in  cholinesterase by 
various concentrat ions of physostigmine. 2 tiff r a t  

bra in  suspension. 
Curve No. I : Control. Solution containing I ml 

Am. o.2 M. 
. . . .  2 : Solution containing physostigmme, 

final concentrat ion 1.2. io --~ M. 
,, 3 : Solution containing physostigmme, 

final concentrat ion 2. 4. IO -8 M. 
. . . .  4 : Solution colttaining physostigmme, 

final concentrat ion o. 4- IO -5 M. 
. . . .  5 : Solution containing physostigmzne, 

final concentrat ion 0. 5. lO -5 M. 
,, 6: Solution containing physostigmme, 

final concentrat ion o. 6. IO -5 M. 
. . . .  7 : Solution containing physostigmzne, 

final concentrat ion o. 7. IO -'5 M. 
. . . .  8 : Solution containing physostigmme, 

final concentrat ion o.8. i o  - 5  M .  
. . . .  9 : Solution containing physostigmme, 

final concentrat ion 1.5. IO'4 M. 
Substrate  amechol o.oz M. 
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m i n e  i n  h i b i t i o n  o f fe red  b y  t h e  s u b s t r a t e  in  t h e  s t r a i g h t  p a r t  of t h e  c u r v e  s u b s i d e s  

g r a d u a l l y  d u r i n g  t h e  p e r i o d  of t e s t i n g .  

T h i  s m e c h a n i s m  s u g g e s t s  t h a t  a p r o g r e s s i v e  i n h i b i t i o n  t a k e s  p l ace ,  w h i c h  is p r o -  

b a b l y  sl  o w e d  d o w n  b u t  n o t  p r e v e n t e d  b y  t h e  p r e s e n c e  of  exces s  s u b s t r a t e .  T h i s  m a y  

b e  d u e  e i t h e r  to  a s low p r o c e e d i n g  t o w a r d s  a n  e q u i l i b r i u m  s t a t e  d e p e n d i n g  o n  t h e  

c o n c e n t r a t i o n s  of a m e c h o l  a n d  p h y s o s t i g m i n e ,  b o t h  c o m p e t i n g  for  t h e  a c t i v e  g r o u p s  

of  t h e  e n  z y m e  ( c o m p e t i t i v e  i n h i b i t i o n )  or  t o  a p r o g r e s s i v e  i n h i b i t i o n  b y  p h y s o s t i g m i n e  

n o t  r e v e r s i b l e  b y  a m e c h o l .  T h e  s e c o n d  e x p l a n a t i o n  s e e m s  t h e  m o s t  l i ke ly  in  v i e w  of 

t h e  f a c t  t h a t  e v e n  w i t h  t h e  l o w e s t  c o n c e n t r a t i o n s  of  i n h i b i t o r  n o t h i n g  l ike  a r e v e r s a l  of 

i n h i b i t i o n  d u r i n g  t h e  t e s t  p e r i o d  w a s  o b s e r v e d ,  in  s p i t e  of l a rge  c o n c e n t r a t i o n s  of 
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Fig. 5. Activi ty of r a t  bra in  cholinesterase after 
-~  incubat ion during varying periods with physostig- 

mine. 2 ml r a t  bra in  suspension used in all expe- 
r iments.  

Curve No. I : Control. Wi thout  poison. 
. . . .  2: Mixture containing i ml physostig- 

mille (concentration 4" lO--8 M). I min 
incubation.  

. . . .  3 : Ditto, 3 rain incubation. 
_7 . . . .  4: ,, , 5 . . . .  

. . . .  5: ,, , 7 ,, 
, ,  6 :  , ,  , I O  , ,  , ,  

,, ,, 7: ,, , 20 ,, , J  

Substrate  arnechol 0.02 M. 

T o  e l u c i d a t e  t h i s  q u e s t i o n  a se r ies  of e x p e r i m e n t s  w a s  i n i t i a t e d ,  in  w h i c h  2 m l  of 

r a t  b r a i n  s u s p e n s i o n  w a s  i n c u b a t e d  w i t h  t h e  s a m e  dose  of  p h y s o s t i g m i n e  fo r  v a r y i n g  
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periods at room temperature before the addition of the substrate and the other ingre- 
dients to make up the usual test solution. The results are represented in Fig. 5. Straight 
lines are now obtained showing that  under the conditions of this experiment (low 
physostigmine concentration) the substrate is able to protect against further inhibition 
during the test period. However, as in the previous experiments no reversal of the 
inhibition is ever effected by the addition of substrate. Moreover the curves clearly 
show that  during the incubation period prior to the test, i.e., in the absence of substrate, 
a progressive inhibition is taking place as the slope of the curves becomes flatter with 
increasing incubation periods. 

The reason for the fact no progressive inhibition takes place during the test period 
is very probably the very low physostigmine concentration (a final molarity of only 
4" lO-9) in this experiment. Obviously the excess of amechol is able to protect against 
progressive inhibition at low concentrations of physostigmine, although even in this 
type of experiment amechol has never been able to reverse any degree of existing 
inhibition. This experiment therefore strongly confirms the previous one in suggesting 
that  physostigmine produces a progressive inhibition, which is not reversible by com- 
petition by amechol, at least for the duration of these experiments. 

From our previous communication n it follows that  this conclusion on the non- 
reversibility of physostigmine inhibition cannot be applied blindly to substrates other 
than amechol. 

b. Reversibility by dialysis 

Suspensions of rat  brain or of ox nucleus caudatus* were prepared as usual. 
They were then incubated during a period of 30-40 minutes with a suitable concentration 
of physostigmine (a relatively long incubation period was chosen to be sure that a 
stable condition was secured). The activity of the cholinesterase was then determined 
and the inhibition calculated by comparison with control suspensions, which had not 
been treated with physostigmine. The activity tests were carried out towards acetyl- 
choline (final concentration in the test mixture 0.02 M). 

Both inhibited suspensions and controls were then dialysed in dialysing bags against 
tap water at room temperature for periods up to 8 hours. Samples taken out at different 
times during the dialysis were tested for cholinesterase activity. The activity of in- 
hibited enzyme preparations was compared with that of control suspensions, which had 
been dialysing during equal periods. The activity of the dialysed controls was found 
not to alter materially during dialysis and these controls were therefore omitted in 
later experiments in which all activities of dialysed physostigmine treated enzyme 
suspensions were compared with that of the undialysed control. 

The results of 2 experiments are recorded in Tables I I I  and IV. 
Although reversal has not yet started 2 hours after the beginning of the dialysis, 

after 4 hours the original activity has practically completely returned. 
I t  may be concluded from these experiments that  the enzyme-inhibitor linkage 

is not materially affected by dialysis during the first 2 hours, but  that  4 hours of dialysis 
suffice completely to reverse the inhibition. 

In a similar experiment, in which pseudo cholinesterase was used for comparison, 
the reversal by dialysis was found to proceed much more slowly. Even after as much 

* We are indebted to the Public Slaughterhouse a t  Leyden for providing us with ox brain.  F r o m  
this source also se rum was obtained for the p repara t ion  of pseudo-cholinesterase.  
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as 9 hours of dialysis no complete reversal was accomplished. The results of an experi- 
ment are recorded in Table V. 

T A B L E  I I I  

REVERSAL OF TRUE CHLOLINBSTERASE INHIBITION BY DIALYSIS 

Enzyme prepara t ion :  r a t  b ra in  eholinesterase. 
Incuba ted  during 4o minutes  prior  to dialysis wi th  an  equal  volume of 4" IO-~ M physost igmine a t  
r oom tempera tu re .  
For e v e r y  tes t  4 ml of the mix tu re  were used. Concentrat ion of acetylcholine dur ing test :  o.oz M. 

Time of dialysis in h % inhibit ion compared wi th  
control  enzyme suspensions 

o 
2½ 
4 
6 
8 

37 
37 

o 
o 
o 

T A B L E  IV 

REVERSAL OF INHIBITION OF TRUE CHOLINESTERASE BY DIALYSIS 

Enzyme prepara t ion :  Ox nucleus caudatus.  
Incuba ted  dur ing 3 ° minutes  wi th  4 volumes physost igmine 0.8. io  -e M a t  room tempera ture .  For  
every  test  1.25 ml of mix tu re  were used. 
Concentrat ion of acetylcholine 0.02 M. 

Time of dialysis in h % inhibi t ion compared wi th  
control  enzyme suspensions 

o 
2 
3 
3½ 
4 
4½ 

66 
66 
60 

35 
18 
5 

TABLE V 

REVERSAL OF INHIBITION OF PSEUDO CHOLINESTEEASE BY DIALYSIS 

Enzyme preparation: horse serum cholinesterase purified by ammoniumsulphate precipitation ac- 
cording to STEDMAN 12 diluted 1/8. 
Incubated during 45 minutes prior to dialysis with 2 volumes physiostigmine 4" I°-~ M. 

Time of dialysis in h % inhibi t ion 

o 
2½ 
4 
6 
9 

79 
58 
54 
58 
3I 

DILUTION EXPERIMENTS 

In the previous section it has been demonstrated that  on dialysis return of activity 
only occurs after a latent period of several hours. In the following experiments the 
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a t tempt  was made to evoke a more ready reversal of inhibition by dilution of the enzyme 
inhibitor complex after physostigmine had been in contact with the enzyme at room 
temperature for a short period. If the inhibiting effect would be a reversible one under 
the circumstances of this experiment such dilution would involve a redistribution of 
the poison with fewer active enzyme groups blocked than in the original undiluted 
system. In other words the degree of inhibition would decrease after dilution. 

In the first series dilution was effected by a simple washing out procedure. A brain 
suspension was incubated with half its volume of physostigmine 4" lO-7 M for half an 
hour. A portion of this mixture was washed with distilled water. The cholinesterase 
activities towards acetylcholine before and after washing were compared; they were 
found to be the same for both suspensions. The degree of inhibition had not been changed 
by washing, suggesting that  no actual reversal can be accomplished by simple washing. 
This state of affaires is fortunate in so far as it proves, that  the way of preparation of 
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Fig. 6. Reversibi l i ty  of the  physos t igmine  inhibi t ion of t rue  cholinesterase by  dilution. 
P repa ra t ion  used was cholinesterase p repared  f rom ox  nucleus caudatus .  

a. Diluted immedia te ly  before in i t ia t ing  tes t .  
b. UndiIuted.  
c. Diluted f rom the  beginning of the  incubat ion  period.  

brain cholinesterase described, including washing, does probably reflect the original 
state of inhibition in vivo. This method of preparation is therefore suitable for the 
estimation of the activity of brain cholinesterase of physostigmine treated animals. 

The next series of dilution experiments was carried out fundamentally according 
to a method described by  NACHMANSOHN 13. 0.I ml ox nucleus caudatus suspension was 
incubated with physostigmine (o.I ml 2-IO -8 M). Samples o5 this mixture were taken 
out after various periods of incubation and either diluted with water to IO ml (series a) 
and then tested for activity, or tested without changing the concentration of phy- 
sostigmine by  making up to the required test volume with a physostigmine solution 
of calculated concentration (series b). The values so obtained were compared with values 
from control mixtures from test solutions, which had been incubating during the same 
periods, but  had been diluted with water from the very beginning of the incubation 
period (series c). The concentration of physostigmine in this series c was the same as 
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as the final concentration (after dilution) of the first series (series a). All tests were 
carried out using acetylcholine as a substrate. 

By comparing the results of the activity tests of series a with those of series c, 
it was possible to gain an impression regarding the irreversible portion of the inhibition 
in series a; complete reversal ought to bring the values for series a back to those of series 
c. The difference between a and c represents the degree of irreversibility. In the same 
way the difference between series a and b represents the degree of reversibility. The 
results are summarized in Fig. 6. 

The graph shows, that  series a and c practically coincide after the first ten minutes. 
This indicates that  practically no reversal of the inhibition occurs after an incubation 
period of as short as ten minutes by  a dilution of I in 50. 

DISCUSSION 

No reversal could ever be demonstrated as a result of addition of amechol (com- 
petitive reversal). I t  is demonstrated that  total  reversal of the inhibition of true 
cholinesterase towards acetylcholine occurs after 4 hours dialysis. During the first 
two hours of dialysis, however, no reversal is demonstrable. 

The latter fact is also borne out by  dilution experiments, which always involved 
periods of less than one hour and never showed any reversibility. 

In a previous communication n it was reported that  the inhibition of cholinesterase 
by  physostigmine was maximal  after five to ten minutes of incubation when acetyl- 
choline was used as a substrate, bnt  needed a longer period to become maximal  when 
tested against amechol. Further it was shown that  the degree of inhibition by  an equal 
physostigmine concentration for the same enzyme preparation was larger towards 
amechol than towards acetylcholine. I t  was concluded that  two different types of inhibi- 
tion were involved, either on two different enzyme groups or on the same group, but  
then affecting tha t  group in a qualitatively different way. As a third possibility it was 
suggested that  the difference in behaviour of the enzyme inhibitor complex towards 
both substrates might be due to the ability of acetylcholine to dissociate linkages which 
were unaffected by  amechol: some linkages may  be detachable by  acetylcholine; others, 
only formed in the first five to ten minutes of incubation, not. This last possibility is 
rendered unlikely by  our present experiments. I t  would be expected that  acetylcholine 
would have the more difficulty to restore linkages, the higher the concentration of phy- 
sostigmine. That  this is not the case is proved by  the similarity of the activities in series 
a and b of the dilution experiments. If  in both cases detachment of linkages is supposed 
to take place, this detachment would have to be equal in spite of higher concentrations 
of physostigmine in series b than in series a. Moreover it was shown in a separate experi- 
ment  not reported, tha t  the degree of inhibition after incubation of enzyme and inhibitor 
(for periods of 20 nfinutes) towards acetylcholine was not affected by  varying the con- 
centration of acetylcholine from 0.005 to 0.04 M. Obviously, if dissociation of linkages 
were involved, some effect of the concentration of acetylcholine were to be expected. 

I t  must  therefore be concluded that  only the first two of the above mentioned 
possibilities remain: the inhibition of true cholinesterase during incubation with phy- 
sostigmine is a two-fold one. In  either effects one and the same active group in a quali- 
tat ively different way, or two different groups are inhibited. Of these possibilities the 
former impresses as being rather artificial and the latter seems the more likely one. 
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If this is the case true cholinesterase possesses two active groups: one of these is ex- 
clusively concerned with amechol hydrolysis, the other with acetylcholine and perhaps 
also with amechol hydrolysis. This state of affairs may also be expressed by the statement 
that true cholinesterase might consist of two different enzymes. 

After about 5 minutes of contact of the enzyme with the inhibitor at room temper- 
ature the inhibition towards acetylcholine can no longer be reversed by dilution or 
dialysis. This condition of irreversibility lasts for a period of at least an hour, but reversal 
can be accomplished by dialysis during a period of 4 hours. 

No competitive reversal by the addition of acetylcholine as a substrate was observed 
in any of the experiments; obviously, the inhibitions towards both substrates, acetyl- 
choline and amechol, resemble each other in not being reversible by substrate com- 
petition. 

I t  should be noticed that  dialysis and dilution experiments were all carried out 
towards acetylcholine as a substrate. All conclusions concerning reversibility from these 
experiments are therefore restricted to that  type of inhibition, which interferes with 
acetylcholine hydrolysis. 

In the same way the conclusions regarding the enzyme kinetics should be under- 
stood to refer to the hydrolysis of amechol only. 
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SUMMARY 

I. T h e  k ine t ics  of  a t r ue  chol ines terase  p r e p a r a t i o n  f rom r a t  b r a in  were s tudied .  Acetyl-fl- 
me thy lcho l ine  (amechol) was used  as  a s u b s t r a t e .  I t  was  found  t h a t ,  a t  a c o n s t a n t  c o n c e n t r a t i o n  
of enzyme ,  the  r eac t ion  is of  a un imolecu la r  t ype  w h e n  the  concen t r a t i on  of s u b s t r a t e  is lower t h a n  
o.oi M; w h e n  t he  s u b s t r a t e  concen t r a t i on  r ises  above  o.oi M the  r eac t ion  a s s u m e s  a zero order  
charac te r .  

2. W h e n  t he  r eac t ion  ve loc i ty  is d e t e r m i n e d  in  presence  of physos t i gmine ,  i t  is found  t h a t  a 
progress ive  inh ib i t ion  t akes  place d u r i n g  t he  tes t ,  wh ich  is s lowed down,  b u t  never  reversed  by  t he  
s u b s t r a t e  amechol .  

3. W h e n  t he  e n z y m e  is i ncuba t ed  for v a r y i n g  periods,  pr ior  to t he  a c t i v i t y  tes t ,  w i th  t he  s a m e  
low concen t r a t i on  of physos t igmine ,  i t  is found t h a t  the  degree  of inh ib i t ion  increases  wi th  t he  du ra -  
t ion  of t he  i ncuba t i on  period.  I t  is found  t h a t  also u n d e r  these  condi t ions ,  in presence  of a low con- 
c e n t r a t i o n  of physos t i gmine ,  the  inh ib i t ion  is progress ive  and  is no t  reversed  by  the  subs t r a t e ,  w h e n  
th is  is added  af te r  t he  i ncuba t ion  period.  I n  these  e x p e r i m e n t s  amecho l  was used as a subs t r a t e .  

4. Dialys is  reverses  the  inh ib i t ion  by  p h y s o s t i g m i n e  of t r ue  chol ines te rase  t owards  acetylchol ine  
in 4 hours .  The  reversa l  of t he  inh ib i t ion  of pseudo  cholin, :s terase appea r s  to proceed more  slowly. 

5. W a s h i n g  ou t  of  r a t  b r a i n  suspens ions  p rev ious ly  inh ib i t ed  w i th  p h y s o s t i g m i n e  does n o t  
cause reversa l  of t he  inhib i t ion .  

6. I t  is n o t  possible to reverse  p a r t  of the  inh ib i t ion  acu t e ly  by  m e a n s  of d i lu t ion  a f te r  t en  
m i n u t e s  of  incuba t ion .  

7. I t  is concluded  t h a t  no compe t i t ive  reversa l  by  s u b s t r a t e  of p h y s o s t i g m i n e  inh ib i t ion  t akes  
place, b u t  t h a t  i t  is possible to reverse  th i s  inh ib i t ion  by  dia lys is  for severa l  hours .  W i t h i n  shor te r  
obse rva t ion  per iods  no reversa l  is demons t r ab l e  by  dia lys is  or d i lu t ion  u s ing  ace ty lchol ine  as a sub-  
s t r a t e  excep t  a f t e r  v e r y  shor t  per iods  of incuba t ion .  

8. I t  is sugges ted  t ha t ,  as  a resu l t  of i n c u b a t i o n  wi th  physos t i gmine ,  two t ypes  of inh ib i t ion  
of chol ines te rase  m a y  occur  s i mu l t aneous l y ;  one t owards  amechol ,  t he  o the r  towards  acetylcholine.  
The  p h y s o s t i g m i n e  inh ib i t ion  p robab l y  affects two dif ferent  act ive  groups ,  bo th  p r e sen t  in  our  
p r e p a r a t i o n  of t r ue  chol inesterase .  

R]~SUMl~ 

i .  La  cin~t ique d ' u n e  p r6pa ra t ion  de chol inest6rase  vraie,  ~ pa r t i r  de ce rveau  de ra t ,  a ~t~ 
~tudi~e. Le s n b s t r a t  uti l is5 ~tai t  l 'ac~tyl-f i -m6thylchol ine (amechol).  On  a cons ta t~  que,  pour  une  
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concentrat ion d6termin6e en enzyme, la r6action est  monomol6culaire lorsque la concentration en 
subs t r a t  est inf6rieure A o.oi M, et d'ordre z6ro quand la concentration en subs t ra t  est sup6rieure 

o.oi M. 
2. Quand on mesure  la vitesse de r6action en pr6sence de physostigmine,  on constate que ce 

corps exerce une inhibition croissante au cours de la mesure ; cette inhibition est emp~ch6e partielle- 
ment ,  mais jamais compl~tement par l 'amechol, subs t ra t  de la r6action. 

3 -Quand  on m t in t i en t  l 'enzyme, pr6alablement aux  mesures d'activit6, en pr6sence d 'une 
m6me concentration, faible, de physostigmine,  on constate que l ' importance de l ' inhibition s 'accro~ 
avec la dur6e de la p6riode d' incubation. On constate 6galement que dans ces conditions, en presence 
d 'une faible concentrat ion de la physostigmine,  l ' inhibition est graduelle, et  n 'es t  plus suspendue 
par le subs t ra t  quand ce dernier est ajout6 apr6s la p6riode d' incubation. Dans ces exp6riences, le 
subs t r a t  utilis6 6tait ] 'amechol. 

4. La dialyse supprime l ' inhibition par la physostigmine de la cholinest6rase vraie vis-A-vis de 
l'ac6tylcholine, en 4 heures. Lasupp re s s ion  de l ' inhibition de la pseudocholinest6rase se fait plus 
lentement .  

5. Le lavage de suspensions de cerveau de ra t  pr6alablement inhib~es par  la physost igmine ne 
suppr ime pas cette inhibition. 

6. Une simple dilution ne permet  pas de supprimer de fagon rapide l 'inhibition. 
7. On conclut qu.~ la r6versibilit6 de l ' inhibition par la physostigmine,  par une action de com- 

p6tit ion du substrat ,  n 'es t  pas possible, mais qu'il est possible de l 'obtenir par une dialyse de plusieurs 
heures. Aucune r~versibilit6 ne peut  6tre observ6e au cours de dialyses faites pendant  des temps 
courts,  ou par dilation, en ut i l isant  l 'ac6tylcholine comme substrat .  

8. Ces r6sultats mon t ren t  que deux types d ' inhibit ion de la eholinest6rase peuvent  se mani- 
fester s imul tan~ment :  Pun vis-A-vis de l 'amechol, l 'autre vis-A-vis de l'ac6tylcholine. L' inhibit ion par 
la physost igmine affe,'te probablement  deux groupes actifs diff6rents, tous deux pr6sents dans la 
pr6parat ion de cholin,~st6rase vraie btudi~e ici. 

ZUSAMMENFASSUNG 

I. Die Kinetika eines Pr/iparates wahrer Cholinesterase aus Ra t t enh i rn  wurden untersucht .  
Azetyl-/~-methylcholin (Amechol) wurde als Subst ra t  benutzt .  Dabei wurde festgestellt, dass bei 
konstanter  Enzymkonzent ra t ion  die Reaktion monomolekular verl~uft, wenn die Substratkonzen- 
t ra t ion  geringer ist als o.oi m;  wenn die Substratkonzentrat ion grSsser wird als o.oi m, wird der 
Reakt ionscharakter  yon der null ten Ordnung. 

2. Wenn  die Reaktionsgeschwindigkeit  bei Amwesenheit yon Physos t igmin  bes t immt  wird, 
wird gefunden, dass w/~hrend des Versuehes eine fortschreitende H e mmung  stattfindet,  die yon dem 
Subs t ra t  Amechol zwar verlangsamt,  aber nie aufgehoben wird. 

3. Wenn das En zy m verschieden lange Perioden vor Beginn des Aktivit/~tstests mi t  derselben 
geringen Konzentrat ion yon Physost igmin inkubiert  wird, dann  zeigt sich, dass der Hemmungsgrad  
mi t  der Dauer der Inkubationsperiode zunimmt.  Es wird festgestellt, dass auch unter  diesen Bedin- 
gungen, bei Anwes.enheit einer geringen Physost igminkonzentrat ion,  die H e mmung  progressiv ver- 
l~uft und durch das Subst ra t  nicht umgekehr t  wird, wenn es nach der Inkubationsperiode zugeffigt 
wird. Bei diesen Exper imenten  wurde Amechol als Substrat  benutzt .  

4. Dialyse hebt  die Physos t igminhemmung der wahren Cholinesterase bei Azetylcholin als 
Subs t r a t  in 4 Stunden auf. Die Aufhebung der Hemmung  yon Pseudo-Cholinesterase scheint lang- 
samer zu verlaufen. 

5. Auswaschen yon Rattenhirnsuspensionen,  die vorher mi t  Physos t igmin  gehemmt  worden 
waren, verursacht  keine Aufhebung der Hemmung.  

6. Es ist nicht  m6glich, die H e m m u n g  unmit te lbar  durch Verdfinnen teilweise aufzuheben. 
7. Es wird gefolgert, dass durch das Substrat  keine kompetit ive Aufhebung der Physost igmin-  

h e m m u n g  erfolgt, dass es aber m6glich ist, diese Hemmung  durch mehrsti indige Dialyse aufzuheben. 
Bei kfirzeren Beobachtungsperioden ist bei Azetylcholin als Substrat  keine Aufhebung durch 
Dialyse oder Verdfinnungen nachzuweisen. 

8. Es wird angenommen,  dass infolge der Inkubat ion mi t  Physos t igmin  zwei Hemmungs typen  
der Cholinesterase gleichzeitig auf t re ten k6nnen; der eine ffir die Wirkung auf Amechol, der andere 
ffir Azetylcholin. Die Physos t igminhemmung betrifft wahrscheinlich zwei verschiedene aktive Gruppen, 
die beide ill unserem Pr/~parat wahrer Cholinesterase anwesend sind. 
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