
Conclusions/Summary!
-  Using relatively simple muscle twitch measurements, we have  

 observed increases in synaptic efficacy in frog sciatic nerve/
 gastrocnemius muscles that have undergone synaptic fatigue in the 
 presence of curare. 

-  A new stimulus protocol is described in which trains of five 
 identical dual-pulse stimuli are applied to the nerve.  Twin-pulse 
 facilitation measurements show a trend of increasing synaptic 
 efficacy during a given train, which is especially clear when the 
 interval between the conditioning and test stimuli exceeds the time 
 course of an end plate potential. 

Introduction!
Learning & Memory are related to synaptic efficacy which the present 
study brings to the undergraduate physiology laboratory. TWIN-PULSE 
FACILITATION has been widely used to study one aspect of short-term 
synaptic plasticity at a wide variety of synapses using electrophysiolog-
ical methods.  Here we show that measurements of muscle twitches from 
the easily prepared sciatic nerve/gastrocnemius preparation of the frog 
can allow one to perform experiments involving TWIN-PULSE 
FACILITATION.  
  
The advantages of measuring muscle twitches over electrophysiological 
parameters are as follows: 

 1.  Students with minimal background can quickly learn to prepare the 
  nerve/muscle preparation for physiological recording and for  
  experimentation dealing with synaptic efficacy. 
 2.  Muscle twitch recordings are population responses, which tend to 
  average out individual variation. 
 3.  Under certain experimental conditions (see Fig. 6), one can make 
  deductions about synaptic transmission from muscle twitch  
  measurements. 
 4.  Most electrophysiological studies at the frog neuromuscular  
  junction require that contractions NOT occur, which makes it  
  almost impossible to obtain population responses and to  
  observe recruitment. 

 

LabScribe software and hardware (iWorx) were used for digital recording 
and stimulation.  Twin-pulse facilitation was studied by applying a dual-
stimulus pulse, consisting of a conditioning (C) pulse followed by a test 
(T) pulse, to the sciatic nerve, and dividing the peak T twitch by the peak 
C twitch to obtain the T/C ratio, our measure of facilitation.  The interval 
between the two stimulus pulses is the CT interval (ms). 
 
A critical part of our nerve stimulation protocol was the use of trains of 
stimuli (Fig. 6).  A given train usually consisted of 5 identical dual-pulses 
applied at a rate of about 1 Hz.  There was a 2 min rest between stimulus 
trains.  The CT intervals usually used were (in ms):  500, 330, 200, 120, 
90, & 60.  A typical experiment began by performing a “TRAINS” 
experiment with a fresh preparation in the chamber containing normal 
Ringer’s solution; 6 trains were recorded, each at a different CT interval, 
in the sequence as indicated above. 
 
OUR PRIMARY PUROSE WAS TO OBSERVE INCREASES IN 
SYNAPTIC EFFICACY, I.E., T/C RATIOS >> UNITY. 
 
In order to achieve this purpose, SYNAPTIC FATIGUE was induced 
immediately following the control measurements.  This was accomplished 
by continuous stimulation of the nerve at 0.15-3.0 Hz for a period 10-50 
min, depending on the season.  In most experiments, curare was present 
while the preparation was being fatigued. The KEY procedure is the 
continuous stimulation of the nerve (Fig.5).  Curare seems to intensify 
the increased synaptic efficacy brought about by the synaptic fatigue and 
to stabilize the preparation.  Once the twitch is lowered by 85-95%, the 
TRAINS experiment is repeated in order to obtain experimental data. 
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Fig. 2. FIVE PAIRS of stimulus pulses, conditioning (C) followed 
by test (T), and their respective contractile responses are shown.!
!
-   b refers to the BASELINE; c refers to the PEAK of the C     

!TWITCH; t  refers to the PEAK of the TEST TWITCH.!
!
-  c is absent in D & E because at short CT intervals, the T 

!twitch masks the peak of the C twitch.!

-  Each of the five records (A-E)  corresponds to the highest T/C 
!ratio determined for a train of 5 identical dual-pulses.  For 
!example, B (CT=120 ms) was taken from the record 
!presented in Fig.6.!

  !!

Fig. 3. This is a plot of the T/C ratios measured from the records 
shown in Fig. 2.  Note that even at the longest CT interval of 300 ms, 
the T/C ratio is 1.9, quite substantial (Fig. 4B).!

Fig. 1. Muscle Chamber - The preparations were bathed in  
normal frog Ringer’s solution (pH=7.1).  In most experiments, 
curare was added to the bath after obtaining control 
measurements; final concentration 1.5-2.3 μM.!
!

  

Fig. 5.         
SYNAPTIC FATIGUE 
(depression) was 
induced by stimulating 
the nerve at 0.15 Hz 
for 48 min.  2.3 μM 
curare was also 
present.  The twitch 
was reduced by 95% 
as a result.!

Fig. 4.  DETERMINANTS of an increased synaptic efficacy. !

Materials and Methods!

Frogs were euthanized by decapitation, and the sciatic nerve was 
dissected from its origin near the spinal column to the knee. A metal hook 
was tied to the connective tissue on the lateral side of the knee, and the 
femur was severed close to the knee. The gastrocnemius muscle was 
detached from its insertion; a silk ligature was tied to the Achilles tendon.  
The N/M preparation then was placed into a 140 ml beaker, the muscle 
chamber, with a metal hook glued to its bottom.  The photograph (Fig. 1) 
shows the knee fastened to the bottom of the chamber by joining the 2 
hooks. The nerve is shown angling upwards to the right to the stimulating 
electrodes.  The black ligature is tied to the distal end of the muscle, and 
the other end of the ligature (not shown) is tied to the force transducer. 
 
 !

CALCULATION OF THE !
T/C RATIO!

Using LabScribe software and with reference to Fig. 
2, one cursor is placed on b (baseline) and the other 
one is placed on c (C peak); the voltage difference 
between the cursors is taken as the amplitude of the 
C twitch at its PEAK.  Then, without moving the cursor 
on point b, the second cursor is placed on t (T peak); 
the voltage difference between the cursors is taken as 
the amplitude of the T twitch at its PEAK.  The T/C 
ratio is obtained by dividing the T peak by the C peak.!
 !
When the C peak is masked by the TEST twitch, one 
can still calculate the T/C ratio by using a value of the 
C peak obtained with a longer CT interval.!

------------------------------------------!

------------------------------------------!

Fig. 6. This is a typical record from an experiment in which a train of 
5 identical dual-pulses were applied to the nerve.  The CT interval 
for the above recording was 120 ms; Fig. 2B was taken from a 
portion of this record, specifically, the twitches produced by the 5th 
stimulus.  In the actual experiment, a series of trains were applied.  
There was a 2 min rest between trains, and each train corresponded 
to a different CT interval.!
- !Visual inspection of the 5 sequential contractions suggests a 

!dynamic interplay of factors affecting transmitter release: !!
!- !The conditioning twitches trend downward, indicating 
! !depression.!
!- !Concomitantly, the test twitches trend upward, as do the 
! !resultant T/C ratios, indicating facilitation.!

- !Control measurements, using the same series of stimulus 
!trains, revealed T/C ratios that were close to unity. !
! !!
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