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ANALYSIS OF DISTURBANCE OF MUSCLE 

BASED ON ESTIMATION OF THE DEGREE 

OF ITS EVOKED MECHANICAL RESPONSE 

CONTRACTILITY 

OF POTENTIATION 

B. M. Gekht and A. G. Sanadze  UDC 615.22:547.944].015.44.'612.178 

KEY WORDS: post-tetanic potentiation; duration of contractile act; paired stimulus. 

In a previous study of muscle contract i l i ty in patients with disturbance of neuromuscu la r  t ransmiss ion  
the wr i t e r s  showed that, during chronic denervation of the muscle an increase  in amplitude of the evoked 
mechanical  response (EMR) of the muscle,  an increase in the temporal  p a r a m e t e r s  of the contract i le  act, and 
a decrease  in the ability of the muscle to exhibit s ta i rcase  and post- tetanic potentiation (PTP) are  observed 
[1]. It was also shown that the maximal amplitude of EMR observed during P T P  is a stable value for  each 
muscle,  and that the increase in PTP depends on the difference between the maximal  amplitude of EMR and 
that detectable at the given moment. 

The aim of the present  investigation was to analyze the ability of a muscle  to undergo PTP,  depending 
on the initial amplitude of EMR of the muscle and its ability to increase the amplitude of EMR in response  to 
paired stimulation. 

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

Observations were made on 24 healthy subjects, 10 patients with a lesion affecting mainly the spinal 
moteneurons and axons of peripheral  motor  nerves,  30 patients with chronic dis turbance of neuromuscula r  
t ransmiss ion  associated with myasthenia and 8 patients with a metabolic dis turbance due to hypothyroidism. 
The tes ts  were car r ied  out on an MG-400 e lec t romyograph (Medicor, Hungary), with dc amplification channel. 
Supramaximal stimulation of the ulnar nerve was ca r r i ed  out in the region of the wr i s t  by square pulses  of 
cur ren t  f rom 0.05 to 0.1 msec  in duration. Single, paired, and tetanic (50 p u l s e s / s e c  for  5 sec) stimulation 
was used. The force of i sometr ic  contraction of the adductor poll icis muscle  was r ecorded  using a strain 
gauge mechanograph with l inear p a r a m e t e r s  of sensitivity f rom 10 g to 2 kg and f rom 1 to 20 kg. Elect r ica l  
and mechanical  responses  were photographed from the oscil loscope screen.  The following p a r a m e t e r s  of 
EMR of the muscle were studied: the amplitude of EMR in response to a single st imulus,  defined in the l i te r -  
ature as Pt; the duration of the contracti le act (DCA) - the total time of contract ion and semirelaxat ion of the 
muscle;  the amplitude of EMR and DCA in response to the second stimulus, when using pai red  stimuli (P2 and 
DCA2); the maximal amplitude of tetanic contraction (P0); the value of PTP  - the rat io of the amplitude of EMR, 
measured  in the muscle 10 sec after  tetanus, and the initial amplitude of EMR; the ra t ios  Pt/P0, P2/P b and 
DCA2/DCA also were studied. 

EXPERIMENTAL RESULTS 

When healthy subjects were tested a considerable fluctuation of amplitude of  EMR (from 4.9 to 14.7 N) 
and of the ability of the muscle to undergo P T P  (from 120 to 200%) were observed.  The value of P T P  was 
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Fig. 1. Dependence of rat ios  of force of a single con- 
t ract ion (Pt) to strength of tetanus (P0) and ability of 
muscle  to undergo PTP  in normal  subjects (a) and pa- 
t ients (b). Abscissa,  PTP (in percent);  ordinate, P t / P  0. 
Empty c i r c l e s - n o r m a l  subjects, c r o s s e s - p a t i e n t s  
with lesion of moteneurons and their  axons; filled c i r -  
c l e s -  patients with disturbance of neuromuscular  t rans -  
miss ion (myasthenia); s q u a r e s -  patients with hypothy- 
roidism.  

therefore  compared  with the rat io P t / P  0 (Fig. 1), as the most  stable pa rame te r  reflecting the functional state 
of the muscle  [4, 5]. Similar  re la t ions  were discovered between the value of PTP  and the ratio P t / P  0 in pa- 
t ients with chronic denervat ion superposed on a lesion of the moteneurons and axons of per ipheral  motor  
nerves,  and with d is turbance  of neuromuscula r  t ransmiss ion,  and also in patients with hypothyroidism (Fig. 
lb). Comparison of the data shown in Fig. la  and b, shows no fundamental difference between the ratio of 
Pt/P0 to P T P  in the pat ients  and normal  subjects.  The increase or  decrease  in the value of PTP  depends on 
the initial amplitude of EMR. This conf i rms  our previous  conclusion regarding high plastici ty of the cont rac-  
tile sys tem of the muscle  and the existence of an adaptive mechanism permit t ing fluctuations in strength of 
the muscle  and its ability to undergo PTP  under normal  and pathological conditions [1]. 

To analyze the mechan i sms  of fluctuations in force of the muscle and its ability to undergo PTP,  an ex- 
per imental  technique devised by the wr i t e r s  previously  was used: est imation of the ability of the muscle to in- 
c r ease  the amplitude of EIV[R in response  to paired stimuli with short intervals between them [10]. A consid- 
erable gain was observed  in 10 normal  subjects in response  to the second stimulus P2, and it reached a maxi-  
mum when intervals  between stimuli were f rom 1.7 to 3.0 msec,  and remained at that level up to an interval 
of 20.0 msec  o r  m o r e  between stimuli. In patients whose DCA exceeded that of healthy subjects, the maximal 
value of P2/Pt  was observed  in the period f rom 1.7-2.0 msec  up to intervals measur ing 70.0-80.0 msec.  To 
standardize the investigation, the second stimulus was therefore  applied at a point corresponding to a ver t ical  
line dropped f rom the contract ion curve,  and corresponding horizontally to the point of semirelaxat ion of the 
muscle.  

In 10 pat ients  with a chronic  denervation syndrome assoeiatedwith a lesion of the motoneurons and ax- 
ons of the motor  nerves ,  and also in 10 patients with chronic fo rms  of disturbance of neuromuscular  t rans -  
miss ion and in 8 pat ients  with hypothyroidism, the increase in amplitude of E ~ R  to the second stimulus va- 
ried f rom 200 to 280% of its initial value (Fig. 2a). The change in cha rac te r  of the relationship between the 
P2/Pt  and P t / P  0 wiI1 be noted: the g rea t e r  the contribution of Pt to the strength of tetanus, the smal ler  the 
increase  in response  to the second stimulus. Direct  corre la t ion  also was discovered between the value of the 
ra t ios  P2/P 0 and the abili ty of the muscle to undergo PTP (Fig. 2b). 

Compar ison of the rat io P t / P  0 and PTP,  depending on the increase in DCA during paired stimulation of 
the muscle revealed  r ec ip roca l  relat ionships (Fig. 3a, b), evidence that the ability of the muscle to undergo 
PTP is higher  in ca se s  when the initial value of DCA is smaller ,  but when paired stimuli are used, its pa- 
r a m e t e r s  may increase .  The data in Fig. 3 show that this situation applies in cases  when ra t ios  Pt/P0 are 
less  and, consequently,  ability to undergo PTP is grea ter ,  as can be c lear ly  seen in the previous  graph 
(Fig. 2a, b). 

There are  indications that the increase in force in response to a paired stimulus is connected with the 
type of muscle  studied in the experimental  animals,  and the contribution of Pt to the strength of tetanus [3, 5, 
6, 8]. A "slow" muscle  has  also been shown to have less  ability to undergo PTP and an increase in the am- 
plitude of EMR during pa i red  stimulation [2, 5, 11, 12]. 
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Fig. 2. Increase  in force of contract ion in response to paired stimulus P2/1% depending on ratio of 
force of single contraction to force of tetanus (Pt/P0) (a) and value of PTP  (b). Legend as to Fig. 1. 

Fig. 3. Increase  in duration of contract i le  act in response to paired stimulus DCA2/DCA depending 
on ratio between force of a single contract ion and force of tetanus Pt/P0 (a) and on value of PTP (b). 
Legend as to Fig. 1. 

The resul t s  indicate that the cause of the change in the ability of the muscle  to undergo PTP  is fluctua- 
tions in the intensity of the active state, both under conditions c rea ted  in the muscle  by the use of paired st im- 
uli and on a change in the functional state of the muscle  as a resu l t  of tetanization. However, f rom our  point 
of view, the most  interesting fact  is that a change in intensity of the active state and, correspondingly,  in the 
ability of the muscle  to give EMR of g rea t e r  amplitude, may ar ise  under pathological conditions. It will be 
noted that s imilar  changes in ra t ios  of P2/Pt to P t /P0  and to PT1 ~ as well as ra t ios  of DCA2/DCA to Pt/P0 
and to PTP  are created in very  widely different pathological s tates (chronic denervation syndrome and met-  
abolic disturbances).  These changes cannot be connected with fatigue, for it has been shown that different 
fo rms  of fatigue (during maximal voluntary effort  and low-frequency stimulation under conditions of ischemia) 
lead to a decrease ,  and not an increase,  in the amplitude of EMR [3]. Moreover ,  a decrease  in force  is ob- 
served for a long time after  the end of loading, whereas  the half- re laxat ion time of the muscle and the EMG 
return  to normal  [9]. 

If the view expressed in the l i terature  on limiting values of the active state for each concrete  case, and 
for  a given degree of stretching of the muscle and temperature ,  is valid [5], the increase in amplitude of EMR 
at res t  under pathological conditions in chronic denervation syndromes is connected with an increase in the' 
intensity of the active state and an increase in its duration. 

The problem of the mechanisms  of intensification of the active state when paired stimuli are used has 
frequently been discussed in the l i terature,  and it is linked with the efficiency of the initiator of muscu la r  con- 
traction, probably, of the sys tem of coupling, i.e., that of re lease  and binding of calcium [7, 13, 14]. 

The basical ly  common nature of fluctuations in amplitude of EMB of a muscle and its ability to undergo 
potentiation under various conditions, which were revealed in this investigation of normal subjects and the 
muscles  of patients at different stages of the denerva t ion- re innerva t ion  process ,  will be noted. This state of 
affairs,  and also the possibil i ty of formation of s imi lar  phenomena in hypothyroidism, suggest that the mech-  
anism we have discovered is a universal  method of regulation of the functional state of contract i le  elements  of 
a muscle in health and disease.  
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Previous  ~nvestigations [2] showed that ethanol, if injected intraperi toneally into ra t s  predisposed to de- 
velop experimental  alcoholism, enters  the blood s t ream more  slowly but is excreted from it more  rapidly than 
in ra ts  reject ing alcohol. It was suggested that these differences in the pharmacokinet ics  of ethanol in animals 
of these groups were connected with differences in the functioning of their microc i rcula t ion  and, in par t icular ,  
differences in permeabi l i ty  of the walls of the mic rovesse l s .  

It was therefore  decided to compare  the state of permeabi l i ty  of the mic rovascu la r  walls in ra t s  predis -  
posed and not predisposed to develop experimental  alcoholism (PR and NPR) respect ively.  

EXPERIMENTAL METHOD 

Experiments  were ca r r i ed  out on male Wistar  ra ts  weighing 200-250 g. The ra t s  were tested for  p red is -  
position to form experimental  alcoholism by determining the duration of ethanol anesthesia,  judged by the t ime 
spent by the animal in the side position after  intraperi toneal  injection of a 25~ solution of ethanol in a dose of 
4.5 g/kg [1]. Rats remaining only a short  time in t he s ide  position (under 60 rain), which are  predisposed to 
voluntary consumption of ethanol, formed group 1. Group 2 included animals staying for a long time (over 120 
min) in the side position. Each group consis ted of 9 rats .  Under pentobarbital anesthesia (mean dose 50 mg/kg,  
intramuscular ly)  a cannula was introduced into the left carot id a r t e ry  of the ra t  in the proximal direction, fixed 
with a ligature, and the distal end of the a r t e ry  was ligated. The anter ior  abdominal wall was opened and a 
loop of small intestine brought out through the incision, and wrapped around a light guide on a cons tan t - tem-  
pera ture  stage. Biomicroscopy of the mesen te r ic  vesse ls  was ca r r i ed  out in the usual way [3] under an op- 
tical magnification of 31. 

Permeabi l i ty  of the walls of the mesenter ic  m ic roves se l s  was studied by a luminescence method. The 
contents of 2 ampules, each containing 0.5 ml of dried serum (rabbit luminescent  serum, produced by the N. F. 
Gamaleya Institute of Epidemiology and Microbiology, Academy of Sciences of the USSR), labeled with f luores-  
cein isothlocyanate (FITC), were dissolved in 0.8 ml of physiological saline. Through a cannula 0.5 ml of se- 
rum was injected into the aorta,  and its outflow from the mic rovesse l s  was observed during illumination with 
UV rays  through an opaque i l luminator (exciting f i l ter  of BP type (390-480 nm), cutoff f i l ter  of LP  type (515 
nm)). The p roces s  of outflow of the indicator was recorded on RF-3 photographic film 1, 5, 10, 15, 20, and 30 
min after its injection. Images obtained on negatives were est imated quantitatively by means of a TAC tele-  
vision analyzing system (Ernst  Leitz, West Germany) [4]. In this way values of the area of spread of the in- 
dicator  f rom a test  mic rovesse l  were obtained during different per iods  after  injection: Sn, Sn+l, Sn+2. The 
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