
T E T A N I Z E D  S I N G L E  C O N T R A C T I O N S  OF A N E U R O M U S C U L A R  F R O G  

P R E P A R A T I O N  A F T E R  P A N C R E A T E C T O M Y  

L. N. Z e f i r o v  a n d  Y u .  G.  S h a p i r o  

From the Chair of Normal Physiology (Head-Corresponding Member of the Academy of Medical  Sciences of 

the USSR Prof. A. V. Kibyakov) of the Kazan Medical  Institute (Director-Docent  R. A. Vyaselev) 

(Received October 17, 1955. Submitted by Academic i an  L. A. Orbeli) 

The phenomenon of the single te tanized contract ion has important  theore t ica l  s ignif icance.  It represents 
the simplest  case of summation exc i tab i l i ty ,  which plays an important  role in the ac t iv i ty  of the central  nervous 
system, and is regarded as the simplest  peripheral  model  of dominance [13]. 

Single te tanized contractions (STC) are observed when a single wave of exci ta t ion  passes through an area 
of sub-threshold or threshold te tanizat ion [2]. The response of contract ion to this has the nature of br ief  te tany,  
evidenced by an increase in the height  and duration of the single contract ion.  

The development  of the single te tanized contract ion,  apparent ly,  is connected with a certain stage of the 

parabiot ic  condit ion,  which is character ized by low lab i l i ty ,  low accommodat ion  arid high inermess of the flow- 
ing exci ta t ion  [8, 10]. Corresponding to this, the te tan ized  single contract ion was observed to be dependent  on 
the degree to which the trace processes are evident  and, in par t icular ,  on the residual traces of low-vol tage  
potent ials ,  and also a connection is observed between the la t ter  and the te tanized single contract ion and the 
phase of exa l ta t ion  [1 ,4 ,  7, 11, 12]. 

Investigations directed at the c lar i f ica t ion  of the concrete phys ico-ehemica l  factors which ensure the 
conditions necessary for the development  of the te tanized single contract ion have special  interest .  

The problem of the present work is the study of the STC under varying chemica l  conditions of the tissues 
caused by the pre l iminary  excision of the pancreas.  In accord with a number of investigations [5,6], this 
operation has an effect  on the formation of a chemica l  agen t - ace ty l cho l ine ,  which is of great  s ignif icance 

in the ac t iv i ty  of the autonomic nervous system. 

E X P E R I M E N T A L  M E T H O D S  

The experiments  were, carried out on a neuromuscular preparat ion of the gastrocnemius muscle  of a 
frog (Rena ridibunda).  The scia t ic  nerve was placed on two pairs of electrodes.  Sub-threshold te tany was 
produced by an induction current through the electrodes nearest the muscle,  by rhythmic s t imulat ion with 
s ing le induc t /veshockeve ry2seconds  through the more distant electrodes,  The preparat ion was in a humid 

chamber during the exper iment ,  the muscular contract ion was registered under isotonic conditions. The degree 
to which the te tanized single contractions were evident  and their nature were observed, as well  as the speed 
with which the te tanized  single contractions developed,  according to the t ime  at which they appeared during 

the exper iment .  

The exper iment  was begun 15-20 minutes after the preparat ion,  in a number of cases the preparation 
was first kept  in Ringer's solution from 2-3 to 9.4 hours in order to ensure the regular reproduction of the 

te tanized single contract ion on each preparat ion [3]. 

The pancreas was removed under s ter i le  conditions with ether anesthesia several  (4 to 17) days before 

the exper iment .  In a11,100 experiments were set up. 
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EXPERIMENTAL RESULTS 

In preparations of frogs which had not beer, operated, under conditions of constant stimulation of the 
nerve by slngle inductive shocks, STC did not appear at once and occurred in far from all the experiments. 
Usually, the appearance of STC was observed at the 20-30th minute of the experiment, when single contractions 
already decreased,suSstantially (Fig. la),,  Bythe 30th minute of the experiment, contractions were observed in 
20-3~o of the cases. Before complete Fatigue developed, hindering further observations, single tetanized con- 
tractions were observed in 40-5~/o of the experiments*. 

a b c 

Fig. 1. Myogram of singte tetanized contractions 
(STC). 
a) STC,at the 30th minute of the experiment; 
b) equalizing phase, corresponding to the develop- 
ment of STC (tetanic current of 5, 15 and 5 cm 
between induction coils, in turn); c) STC in a pre- 
paration which was kept for 22 hours beforehand in 
Ringer's solution. Tetany did not occur without 
single contractions (second stimulus). Single stimuli 
once every 2 seconds. 

In connection with the relatively smaU number Of 
positive experiments and with the development of fatigue, 
which hindered observation, we first kept the preparations 
in Ringer's solution for 2-4 hours. STC were observed con- 
siderably earlier on such "surviving" preparations, beginning 
with the 5-10th minute of the experiment, and had a more 
evident nature. By the 30th minute they were observed in 
70-80% of the experiments. When the "survival" times 
were eXtended-after the preparations had been kept for 
24 hours - STC were observed during the very first minutes 
in all the experiments. We noted that in these experiments 
the STC became so evident that they lost the nature of 
single contractions and represented a more or less extensive 
continuous tetany, which decreased onlygradually (Fig. lc)'. 

Prolonged preservation of the preparation in Ringer's 
solution, represents in its physiological action a very slight, 
delicate Mteration which causes, however, tile development 
of parabiosis with the phases characteristic of it. The equal- 
ization phase is especially prolonged and clearly evident 
(Fig. lb), which is connected with the presence of STC and 
the development of the equalization phase was observed by 
L. V. Latmanizovaya [8] before us. 

Preliminary pancreatectomy substantially, affected the dynamics of the development of single tetanized 
contractions. The effect of the excision depended on the length of time after the operation. The clearest changes 
were 6bserved on the 5-9th day after pancreatectomy. ,At these lengths of dme,ETC already appeared at the 5-10th 
minute, i.e., 2-3 times earlier than in unoperated frogs, and by the 30th minute they had occurred in 70-75% of 
the cases. The increase in the duration of the STC and their acquisition of the nature of short tetanies (see Fig. 3a. 
b,c) was typical. The degree to which the effects of single tetanized contractions were evident and their acqlffsition 
of the nature oftetany indicate the very considerable degree to  which the lability of the nerve is lowered as a 
result of the excision of the pancreas. 

It should be observed that the muscular contractions were still great when the single tetanized contractions 
appeared. This indicates that the excision 'of the pancreas affects the functioning of the neural transmission more 
than it does the muscle and myonreual junction. 

The described changes were, however, temporary: after the 10-11th day, the development of single tetanized 
contractions in operated frogs again slowed, In Fig. 2 are presented comparable curves of the development of 
single tetanized contractions in unoperated frogs [1], on the 5-9th day after panereatectomy [9.] and in "surviving" 
neuromuscular preparations [3 and 4].. 

* At the beginning of the experiment, sub-threshold tetany was riot retlected in the sing!e contractions. With 
threshold stimulation which caused slight tetany, on the contrary, a decrease in the single contractions was 
often observed during this period, while at a later time the same tetanization caused an increase in the individual 
contractions and single tetanized contractions. 
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Fig. 2. Development of single tetanized contractions in unoperated 
frogs (1), on the 8-9th day after pancreatectomy (2), in "surviving" 

neuromuscular preparations which had been kept in Ringer's solution 
for 2-4  hours (3), and in preparations after operation and maintenance 

in Ringer's solution for 2-3 hours (4). 

A certain analogy can be observed on examination of the results of experiments on "surviving" neuro- 
muscutar preparatiom and on preparations removed from frogs which had been operated previously. In both 
cases, the functional state is lowered, the equalization phase develops quickly and marked tetanized single 
contractions occur, often in the form of tetany. Thus, preliminary pancreateetomy leads to an acceleration 
of the development of the single tetanized contraction, to the development of a unique biological modification 
of the neuromuscular apparatus. 

If preparations taken from operated frogs are first kept in Ringer's solution, the amount of modificat  ion 

increases still more: single tetanized contractions are obtained at once after 2-4 hours of preservation. In this 
case, the effects of the STC are especially evident and frequently represent a very prolonged tetany ff ig.  3d)** 

When the "survival" time is longer, a fall in excitability and an absence of all contracti le effects is observed. 
This disappearance of excitability takes place at times when the preparations, taken from unoperated frogs, give 
distinct results. All this indicates that there is a sharp decrease in the stability of the neuromuscular preparation 
after pancreatectomy,  even with respect to such a weak modifying factor as Ringer's solution. 

Thus, as a result of preliminary panereateetomy, a rapid and well-evidenced development of  single tetanized 
contractions, a decrease in ttle lability of the neuromuscular preparation and a decrease in its stability with respect 
to the action of modifying agents are observed. 

On the basis of present knowledge regarding the  mechanism of STC, the results described indicate that 
pancreatectomy leads to a substantial increase of the after - e f fec t s -  a pr01ongationof the waves of excitation. 
Taking into account the data regarding the dependence of STC on the degree to which residual low-voltage 
potentials and the phase of exaltation are evident, it can be assumed that pancreatectomy leads to an increase 

of the latter. 

* While the size of the individual contractions is still considerable, when STC are observed during file first 
minutes of the experiment, single tetanized contractions are evidenced not by an increase in the strength of the 
individual twitches, but entirely by the acquisition of a tetanie nature by the latter.  
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What does the internal intimate mechanism of the observed changes consist of? The consequences of 
pancreatectomy are usually connected with a disturbance of the carbohydrate metabolism. However, data 
exist which indicate that excision of the pancreas leads to a disturbance of the fat and phospholipid metabolism [9]. 
Kibyakov and Uzbekov [6] showed that at certain intervals of time after pancreatectomy a disturbance of the 
formation of acetylcholine: in the system and a disturbance of the parasympathetic innervation of the heart are 
observed, apparently as a result of the disturbance of the phospholipid metabolism. Zefirov and Kibyakov [5] 
established a decrease in lability, a decreased stability of the nerve to modification and a disappearance of 
tonic-like contractions in a neuromuscularr frog preparation after preliminary pancreatectomy.The indicated 
disturbances proved to be connected with a disturbance in the formation of acetyleholine and were absent 
when acetyichoUile was administered in compensation to the operated animals. 

The above data evoke the hypothesis that in our experiments also, the change in the functional properties 
and development of STC after pancreatectomy is connected with a disturbance of the formation of acetylcholine. 
In order to check this hypothesis, acetylcholine (0.5 ml of 1:10,000 solution) was administered daffy into the 
posterior lymphatic sacs of the operated animals, beginning on the 2-3rd day after the operation. Single 
tetanized contractions were absent in this case (Fig. 3e), while unique Paradoxical effects were sometimes 
observed - decreased individual ,twitches associated with tetany (Fig. 3f). At the same time the pessimal 

a b C 

Fig. 3. Myogram of single tetanized contractions (STC). 
a,b,c) STC on the 8th day after pancreatectomy; the 5th, 15th and 20th minute 
of the experiment, in order; d) STC on the 7th day after pancreatectomy and a 
two-hour maintenance in Ringer's solution; e) absence of STC on the 7th day 
after operation with the compensatory administration of aeetylcholine; f) de- 
crease in single twitchings under conditions o~ acetylcholine compensation 
with tetanization. 

nature of the tetanus was observed, which indicates, apparently, that the changes in the lability of the nerve 
trunk and endings are contradictory. While the lability of the first is increased (as indicated by the absence of 
STC), the lability of the neural endings is decreased. Lower doses of acetylcholine (1:28j000 dilution} gave 
less evident results, but they did bring the condition of tile neuromuscular preparation back to normal and 
slowed the development of the single tetanized contraction. 

The results of the above experiments indicate that the effects of pancreatectomy are connected 
with a disturbance in the formation of acetylcholine and are not observed when it is administered in compensation. 
From this point of view, acetylcholine can be regarded as a regulator of the functional state of the neural con- 
ductor, which shortens the duration of the after-effects of excitation, increases the lability and decreases the 
inertness of the flowing excitation. 
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SUMMARY 

Ablation of pancreas in frogs causes development of single tentanized contractions more rapidly and better 
expressed than 1,1 control experiments on the fifth and the ninth day after operation. This may be accounted for 
by a decrease in lability of the nervous trunk and intensification of after-excitatory processes. The effects of 
ablation of pancreas are apparently due to an impediment in formation of acetylcholine in the tissues. 
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