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In 1934, Walker [12] showed that physostigmine, a strong cholinesterase inhibitor, caused a marked improve- 
ment in the condition of myasthenia patients. A number of anticholinesterase preparations are now being used to 
treat this disease (Prostigmin, proserine, Mestinone, Oxamysil et al.).. The action mechanism of these substances 
mainly consists in their anticholinesterase effect. According to the antieholinesterase theory, aeetylcholine in- 
sufficiency and neuromuscular block in myasthenia are relieved by the administration of preparations which depress 
cholinesterase activity and thereby mobilize acetylch01ine. 

Works have recentty appeared, however, which give reason to suppose that the cholinesterase inhibition effected 
by anticholinesterase preparations is not the sole mechanism of their antimyasthenic effect. For example, it has 
been shown experimentally on a nerve-muscle preparation that neostigmine retains its effect on muscle even after 
strong DFP inhibition of cholinesterase [6, 11]. The administration of DFP to myasthenia patients caused marked 
cholinesterase inhibition, but only a mild therapeutic effect [10]. 

Wilson and co-workers [18] compared the dynamics of change in muscular strength With the inhibition of true 
and false cholinesterase (TCE and FCE) effected by physostigmine. They discovered that the changes in muscular 
strength and in FCE corresponded exactly. The change in TCE did not, however, correspond with either of the other 

two indices. 

Guanidine has a clear antimyasthenic effect although it does not possess anticholinesterase properties. More- 
over, caffeine and the antihistamines, which are cholinesterase inhibitors, are known to have no specific anti- 
myasthenic effect, and quinine, which also inhibits cholinesterase, actually impairs the condition of myasthenia 
patients. There are, therefore, many contradictory facts which do not conform with the anticholinesterase theory. 

An important roIe in the genesis of myasthenic disorders has been recently ascribed to disturbance of the sym- 
pathetic nervous system. There are indications that proserine normalizes the transmission of stimulation in the syn- 
apses of this system [1]o A, M. Utevskii and co-workers have shown that the trophic influence of the sympathetic 
nervous system is realized through the metabolism of adrenalin and adrenalin-like substances [7]. L. B. Perel'man 
and E. Sh. Matlina [5] established that the improvement in the clinical condition of myasthenia patients resulting 
from the administration of proserine is attended by an increased content of adrenalin-like substances (ALS) in the 
blood. A n  increase in the amount of noradrenalin excreted with the urine was observed by E~ Sh. Matlina and V. M. 
Prikhozhan [3] in myasthenia patients treated systematically with antieholinesterase preparations. 

The association of the anticholinesterase with the antimyasthenie properties of anticholinesterase preparations 
is based on a study of short.acting substances of the Prostigmin type. In order to gain a more exact notion of the 
interrelationship between these properties, we made a parallel study of proserine, a short-acting preparation, and 
Oxamysil, a long-acting preparation synthesized in 1958 at the All-Union Institute of Pharmaceutical Chemistry 
(synonyms- Myssuran, Mytelasa, Win-807q). Our purpose was to compare the dynamics of the clinical condition 
of myasthenia patients administered these anticholinesterase drugs with the changes in the FCE, TCE and ALS content 

in the blood. 
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E X P E R I M E N T A L  M E T H O D S  

Dynamic observation of the la t te r  indices according to the exist ing methods meant  that targe quanti t ies of 

blood would have to be taken repeatedly  from a vein. Such intervent ion is ex t remely  t raumatic ,  espec ia l ly  in the 

case of patients with a severe disease l ike  myasthenia .  We therefore modif ied the established methods of de te rm-  
ining FCE, TCE and ALS. In these microdeterminat ions ,  FCE and' TCE were determined in 0.1 ml  of blood taken 

from a finger, and ALS was determined in another 0.1 ml of blood. 

TCE and FCE were determined by the method of S. K Zubkova and N. V. Pravdich-Neminskaya asmodi f ied  by 
E[ Sh, Matl ina and V. M. Prikhozhan [4]. The leve l  of FCE and TCE ac t iv i ty  was expressed in mi l l igrams of ace ty l -  
chol ine destroyed by each cholinesterase in 0.1 ml of plasma or erythrocytes, incubated at 37* for 30 rain. 

ALS was determined in the blood by ~. Sh. Mat l ina ' s  modif ica t ion  of Show's method [2]. 

We observed 30 myasthenia patients who had received proserine and OxamysiL The dynamics  of the c l i n i ca l  
condi t ion and humoral  changes under the influence of proserine and Oxamysil  were studied in 17 patients.  The in-  
vest igations were done on an empty  stomach.  Each pat ient  was investigated at least  12 hrs after his last  dose of the 

ant ichol inesterase  preparations.  After blood had been taken from a finger, the pat ient  was given 10 mg Oxamysi l  
in ternal ly  or 1.5 ml of a 0.05% proserine solution subcutaneously. These doses were used because they have been 
found to be op t imal  for the major i ty  of myasthenia patients.  Fifteen, 30, 60, 120, 180 and 240 rain after adminis t ra-  
tion of the preparat ion,  the changes in c l in i ca l  condit ion were recorded, and blood was taken for the TCE, FCE and 

ALS determinat ions  (the first blood specimen was taken after 30 rain in the patients given Oxamysfl) .  

E X P E R I M E N T A L  R E S U L T S  
Dynamics of C l in ica l  Condit ion.  The change in the muscular  strength of the hand (determined by dynamo-  

meter)  para l le led  the general  dynamics of the c l in i ca l  condit ion (we invest igated patients with a general ized form 
of rnyasthenic disturbances).  We will  therefore present only the dynamomet r ic  data .  

As soon as 15 rain after the adminis t ra t ion of proserine, 80% of the cases showed a c lear  increase in muscular  
strength; the m a x i m a l  increase was observed after 30 rain in 50% of the cases and after 60 rain in 40%. Strength 
began to dec l ine  after  120 rain in 50% of the cases. The iucrease in muscular  strength var ied from 4 to 22 kg. 

Al l  changes in muscular  strength effected by Oxamysil  were much slower to develop than those induced by 
proserine. An increase in muscular strength was observed after 30 rain in 64% of the cases, and after 60 rain in the 

other 36%. The muscular  effect  was m a x i m a l  after 120 rain in 72% of the cases, and after 180-240 rain in the rest. 
In 75% of the patients,  strength began to dec l ine  after 240 rain, and in the rest of the patients,  later .  The increase 
in muscular  strength ranged from 2 to 20 kg. 

TCE Dynamics.  In the 18 myasthenia  patients invest igated,  the original  l eve l  of TCE ac t iv i ty  ranged from 
0.76 to 1.76 (ar i thmet ic  m e a n -  1.26). The TCE ac t iv i ty  in the patients observed was the same as i t  was in 20 
hea l thy  subjects. 

Proserine adminis t ra t ion depressed the ac t iv i ty  of the enzyme in every case; this inhibi t ion was first apparent  
after  15 min in 88% of tile cases and was max ima l  after 60 rain in 50% of the cases and after 120 rain in the rest. 
In 40% of the cases, reac t iva t ion  of the enzyme began after 180 rain, while no reac t iva t ion  was e v ide n t  even after 
240 rain in 50% of the patients.  

Al l  TCE changes occurred la te r  with the adminis t ra t ion of Oxamysil  than with the adminis t ra t ion of proserine. 

Inhibi t ion of the enzyme  was observed after 60 rain in 90% of the patients and, in a major i ty  of cases (70%), was not 
m a x i m a l  unti l  the 240th minute.  

FCE Dynamic  s. The original  FCE l eve l  in the myasthenia  patients ranged from 0.26 to 0.9 (ar i thmet ic  m e a n -  
0.52). FCE, l ike  TCE, ac t iv i ty  was the same as in the 20 heal thy people .  

Proserine caused FCE inhibi t ion after 15 rain in 80% of the cases; ma x ima l  inhibit ion was observed after 60 
min in 60% of the patients.  In 50% of the cases, reac t iva t ion  occurred after 180 r a i n -  after 240 rain in the rest. 

With Oxamysi l  adminis t ra t ion,  the changes in FCE were slower to appear.  FCE inhibi t ion was first observed 
after  60 rain in 60% of t h e  eases and b e c a m e  max ima l  after 120 rain (40% of the patients) and 240 rain (60%). One 
should note that  the inhibi t ion of the enzyme  was regular ly  preceded (in 80% of the cases) by an increase in FCE 
ac t iv i ty  observed after 30 rain. 
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ALS Dynamics.  The original  ALS leve l  in the myasthenia  patients (18) ranged from 1 to 17.6 mg % (ar i thmet ic  
m e a n -  6.8 mg %). In the 20 heal thy people examined as the control,  the ALS content  ranged from 1.4 to 18 mg % 
(ar i thmet ic  m e a n -  7,S mg %)~ Therefore, the ALS content  of the blood was wiChin the normal  range in the ma jo r i ty  
of the myasthenia  patients,  which confirms the results we obtained ear l ier  [5]. 

After proserine administrat ion,  an increase in the ALS content  was observed after 15 rain in 62% of the patients 

and was max ima l  at this t ime  in 5~% of the patients.  

An increase in the ALS content  was observed 30 rain after the adminis t ra t ion of Oxamysil  in 80% of the patients;  
this increase was m a x i m a l  in 80% of the cases after 80-60 rain. 

Therefore,  the adminis trat ion of proserine and Oxamysi l  leads to an increase in muscular strength and ALS 

content  as wel l  as inhibi t ion of FCE and TCE. 
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Effect of proserine and Oxamysil  adminis t ra t ion on muscular  strength, ad rena l in - l i ke  substances 
and false and true cholinesterase in myasthenia  pat ients ,  Abscissa axis: t ime  of inves t igat ion 

(in rain); ordinate  axis; number of subjects (in percent) ,  I) T ime  effect  began; II) period 
of max ima l  changes; III) t ime effect  began to abate .  Top three graphs show proserine ad-  

ministrat ion,  bot tom t h r e e -  Oxamysil ,  I) Muscular strength; 2) FCE; 3) ALS; 4) TGE. 

It was necessary to establish the sequence in which these changes occurred in order to bet ter  understand cer ta in  
aspects of the act ion mechanism of these preparat ions.  The t imes at  which the e f fec t  became  evident ,  the changes 
were m a x i m a l  and the effect  began to wear off were taken into account,  The data  obtained were depicted graph- 

i c a l l y  as Gaussian distr ibution curves (see figure).  

Proserine is known to be a shor t -ac t ing  preparat ion.  Al l  changes invoked by its adminis t ra t ion occur c o m -  
para t ive ly  rapidly ,  Increased muscular  strength and ALS content  and inhibi t ion of FCE and TCE were observed after 

only 15 rain in the major i ty  of cases. The period when proserine's  ef fec t  is m a x i m a l  and the t ime the ef fec t  begins 
to wear off can  be used to different ia te  these indices in t ime ,  The first m a x i m a l  changes were observed in the ALS 

content ,  the next in muscular  strength and FCE ac t iv i ty  and the last,  in the TCE ac t iv i ty ,  The effect  began to wear 

off in the fol lowing sequence:  ALS,  muscular strength, FCE and f inal ly,  TCE. 

Analysis of the data  giving the period of m a x i m a l  ef fec t  and the t ime  the ef fec t  began to abate  led us to con-  
cIude that  the increase in muscular  strength and ALS content  does not run pa ra l l e l  to the inhibi t ion of the cho l ine -  
sterases, This conclusion would be be t te r  founded i f  i t  were based on data  giving the t ime  of the in i t ia l ,  as wel l  as 
the m a x i m a l  changes.  But because proserine is a fas t -ac t ing  preparat ion and a l l  the in i t i a l  changes in the exper i -  
men ta l  indices were so close together  in t ime ,  i t  was d i f f icul t  to de te rmine  their  sequence and impossible  to judge 

the impor tance  of chol inesterase  inhibi t ion and increased ALS content  in the mechanism re l iev ing  the myasthenic  

symptoms. 
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Unlike proserine, Oxamysil is a long-acting preparation with an effect which is slow to develop. Therefore, 
the changes induced by this drug were easier to follow. In 64% of the cases, an increase in muscular strength was 
observed 30 rnin after the administration of Oxamysil, before any inhibition of FCE, and even TCE in a number of 
cases, was detected. The maximal increase in muscular strength (after 120 rain) considerably preceded maximal 
cholinesterase inhibition, which was observed the 240th minum when muscular strength had already begun to decline. 
These data make it possible to conclude that the antimyasthenic effect of Oxamysil, perhaps that of prosetine as 
well, is not whoUy due to its anticholinesterase properties. After studying the effect of Oxamysil on a frog's rectus 
muscle, Karczmar [9] came to an analogous conclusion about this preparation. 

An increase in the ALS content of the blood was observed in the majority of patients given proserine and 
Oxamysil. When Oxamysil was the drug administered, this increase preceded the initial and maximal FCE and 
TCE inhibition. In the case of proserine, the maximal changes in the ALS content and the beginning of its decrease 
also occurred before the changes in activity of both cholinesterases. These data indicate that the increase in ALS 
content does not depend on inhibition of the cholinesterases. 

We also found that the initial increase in ALS content in a number of cases and the maximal in the majority 
of patients given Oxamysil occurred before the corresponding changes in muscular strength. In the case of proserine, 
the ALS content and muscular strength showed the same relationship as far as the period of maximal effect and the 
time that the effect began to fail. These data give reason to propose that one aspect of the action of proserine and 
Oxamysil is an activating effect on the sympathetic nervous system. In all probability, this activation is one of the 
features which promotes normalization of muscular activity in myasthenia patients. 

The activation of FCE which we observed 30 rain after the administration of Oxamysil surprised us. This pheno- 
menon may be connected with the activating effect of Oxamysil in small doses, as it is gradually absorbed from the 
gastrointestinal tract. (Hardegg's works [8] have shown that small doses of certain anticholinesterase preparations 
have an activating effect on cholinesterase). 

We also investigated the dynamics of muscular strength and the cholinesterases under the influence of Oxamysil 
administration in five more patients. Blood was taken from a vein, and the eholinesterases were determined by the 
method of S. R. Zubkova and N. V. Pravdich-Neminskaya. These investigations also showed a different sequence of 
changes in muscular strength and in the activity of the cholinesterases. 

The data obtained indicate that one cannot attribute the antirnyasthenie effect of Oxamysil and proserine solely 
to their anticholinesterase action. Since both Oxamysil and proserine are, like acetylcholine, quaternary ammonium 
compounds, they could exert a direct effect on the cholinergic synapses and the end-plate receptors of a contractile 
substrate. Under these conditions, activation of the sympathetic nervous system could result from stimulation of the 
cholinergic synapses of the sympathetic nervous system. 

More attention must be given the hunt for antimyasthenic drugs without anticholinesterase properties. The use 
of these drugs sharply reduces the muscarine side effects and prevents the cholinergic crises which complicate the 
course of myasthenia in patients given anticholinesterase agents. 

SUMMARY 
An inquiry was made into the time correlation of changes occurring in the muscular power with hurnoral shifts 

(adrenalin-like substances, pseudo and true cholinesterase) in myasthenia patients subjected to the administration of 
anticholinesterase preparations: briefly acting proserin and oxamysi l -  a preparation with a prolonged effect. There 
was no complete parallelism in the time of appearance of the antimyasthenic and antieholinesterase shifts. A rise 
of adrenalin-like substances in these conditions precedes the rise of the muscular power and cholinesterase inhibition, 
which may point to the activating effect of proserin and oxamysil on the sympathetic nervous system. 
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All  a b b r e v i a t i o n s  of p e r i o d i c a l s  in the  a b o v e  b ib l iography  are l e t t e r - b y - l e t t e r  t rans l i t er -  

a t i o n s  of the  a b b r e v i a t i o n s  as  g iven  in the or ig ina l  R u s s i a n  journal.  Some or all  of th i s  peri-  

o d i c a l  l i t e ra ture  m a y  we l l  be  a v a i l a b l e  in E n g l i s h  t rans la t ion .  A c o m p l e t e  l i s t  o f  the c o v e r - t o -  

c o v e r  E n g l i s h  t r a n s l a t i o n s  appears  at the b a c k  of  th is  i s s u e ,  
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